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Introduction 
Foodborne pathogens include a diverse range of 
bacteria, viruses, parasites, and fungi. While these 
pathogens commonly cause mild and self-limiting 
gastrointestinal illnesses, severe acute illness and 
life threatening complications may occur. Perhaps, 
2-3% of all foodborne-illness cases develop compli
cations (1) such as arthritis, haemolytic uraemic 
syndrome (HUS), mental retardation, heart dis-
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Table 1 
Pathogens included in the CAST reporta 

Tableau 1 
Agents pathogimes figurant dans le rapport du CASTa 

Viruses - Virus 
Hepatitis A- Hepatite A 
Norwalk 
Norwalk-like - Type Norwalk 

Bacteria - Bacteries 
Aeromonas hydrophifab 
Bacillus cereus 
Brucella abortus 
Campy/obacter jejuni 
Clostridium botulinum 
Clostridium pertringens 
Coxiella burnetti 
Escherichia coli 
Listeria monocytogenes 
Mycobacterium bovis 
Salmonella spp. 
Shigella spp. 
Staphylococcus aureus 
Vibrio cho/erae 
Vibrio parahaemolyticus 
Vibrio vu/nificus 
Yersinia enterocolitica 

ease or Guillain-Barre syndrome (nontrauma 
neuromuscular paralysis) (2). 

The Council for Agricultural Science and Tech
nology (CAST) (3) provided an assessment of risks 
from foodborne pathogens in the United States of 
America and identified 40 potential pathogens 
(Table 1 ). CAST's review of the literature concluded 
that there may be 6.5-33 million cases of acute 
food borne illness and up to 9 000 associated deaths 
in the United States each year. While these same 
pathogens are found in many other countries, there 
are geographical differences in pathogen reservoirs 
as well as cultural differences in food consumption 
habits that make each country's risks unique. 

This article addresses the approaches to calcu
lating the economic costs offoodborne disease, the 

Parasites 
Anisakid nematodes - Anisakides (nematodes) 
Cryptosporidium parvum 
Diphyllobothrium spp. 
Entamoeba histolytica 
Giardia Iamblia 
Taenia saginata 
Taenia so/ium 
Toxoplasma gondii 
Trichinella spiralis 

Toxins - Toxines 
Ciguatoxin - Ciguatoxine 
Diarrheic shellfish poisons- Toxines responsables de 
!'intoxication diarrheique par fruits de mer 
Domoic acid- Acide domo'ique 
Histamine 
Histamine-like compounds (scombroid) -Composes de 
type histamine 
Neurotoxic shellfish poison (brevetoxins)- Toxines 
responsables de !'intoxication neurotoxique par fruits de 
mer 
Paralytic shellfish poisons- Toxines responsables de 
!'intoxication paralytique par fruits de mer 
Tetrodotoxin- Tetrodotoxine 

' Source: Foegeding, P.M. & Roberts, T. Assessment of nsks associated w1th food borne pathogens: an overview of a Council for Agricultural Science and Technology 
report. Journal otfood protection. 19·23 (1996 supplement). Reprinted with permission from Journal offood protection. Copyright: International Association of Milk, 
Food, and Environmental Sanitarians,lnc. Foegeding works for North Carolma State University and Roberts works for the Economic Research Service.- Reproduit avec 
autorisation du Journal offood protection. Foegeding travaille pour la North Carolina State University et Roberts pour I' Economic Research Service. 

b Although Aeromonas hydrophila has not been conclusively established as food borne, it is covered briefly in this report.- Bien que Aeromonas hydrophila ne soil pas 
formellement implique dans les maladies d'origine allmentaire, il est briiwement mentionne dans ce rapport. 
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economic costs to a country from foodborne dis
ease, and the interaction between microbial food 
safety issues and international trade in food. The 
human illness costs due to foodborne pathogens 
are estimated most completely in the United 
States. Seven foodborne pathogens found in ani
mal products were selected for analysis: their costs 
in human illness were estimated at US$ 6.5-34.9 
billion annually. However, these estimates under
value true societal costs, because they focus on 
medical costs and productivity losses and omit or 
do not fully include valuations of other costs to 
individuals (such as psychological costs), costs to 
industry, or costs to the public sector (Table 2). 

Calculating costs of toodborne illness in the 
United States 
Each year, 7 foodborne pathogens (Campylobacter 
jejuni, Clostridium perfringens, E. coli 0157:H7, Liste-

Table 2 
Societal costs of foodborne illness 

Tableau 2 
Gout des maladies d'origine alimentaire pour la societe 

Costs to individuals/householdsa 

Human illness costs: 
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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 costs: 
Pain and other psychological suffering 
Risk aversion 

Averting behaviour 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) 

ria monocytogenes, Salmonella, Staphylococcus aureus, 
and Toxoplasma gondii) cause an estimated 3.3-12.3 
million cases of foodborne illness in the United 
States and up to 3 900 deaths (Table 3). Cost-of
illness estimates for these pathogens were devel
oped, based on the estimated number of acute 
illnesses, deaths, and secondary complications. In 
general, for each pathogen, the number of cases 
were divided into 5 severity groups: those who did 
not consult a physician, those who did, those who 
were hospitalized, those who developed complica
tions, and those who died prematurely because of 
their illness. Some long-term complications are in
cluded, such as HUS for E. coli 0157:H7 disease, 
mental retardation for toxoplasmosis and listerio
sis, and hearing and visual impairments for toxo
plasmosis. 

For each severity group, medical costs were esti
mated for physician and hospital services, supplies, 

Cofits pour les personnes et les menagesa 

Coats des maladies humaines : 

Couts medicaux : 
Consu~ations medicales 
Frais de laboratoire 
Hospitalisation ou soins a domicile 
Medicaments et autres traitements 
Ambulance et autres frais de transport 

Perte de revenus ou de productivite pour: 
Le malade ou la personne decedee 
La personne s'occupant du malade 

Autres couts imputables a la maladie : 
Frais de voyage ou de transport pour rend re visite 

au malade 
Modifications du domicile 
Readaptation professionnelle ou physique 
Frais de garde des enfants 
Programmes speciaux d'education 
Soins en institution 
Pertes au niveau du temps de loisir 

Couts psychologiques : 
Douleurs et autres souffrances psychologiques 
Aversion pour le risque 

Coats lies au comportement: 
Frais supplementaires pour le nettoyage et la cuisine 
Frais supplementaires en refrigeration 
Modification du gout des recettes traditionnelles 
(notamment pour les plats a base de viande, de lait 

ou d'reufs) 
Accroissement du cout de la nourriture lors de 

l'achat d'aliments plus surs mais plus chers 

Altruisme (consentement a payer pour que d'autres 
evitent la maladie) 
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Industry costsb 

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 

Illness 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 
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Coiits pour l'industrieb 

coats au niveau de la production animate : 

Morbidite et mortalite des animaux dans les 
exploitations agricoles 

Reduction du rythme de croissance, de l'indice de 
conversion alimentaire et temps d'elevage 
plus long avant la mise sur le marche 

Frais d'elimination des animaux contamines 
chez l'exploitant et a !'abattoir 

Augmentation du travail de preparation et de 
retraitement a !'abattoir et dans les usines 
de fabrication 

Maladies chez les employees a cause de la 
manipulation d'animaux ou de produits 
contamines 

Accroissement des pertes pour les produits carnes 
a cause de la contamination par des agents 
pathog!mes 

Frais inherents a la /utte contre les agents pathogenes 
a tous les maillons de la chaine alimentaire : 

Nouvelles pratiques d'exploitation agricole 
(separation du cheptel en fonction de l'age, 
aliments sterilises, etc.) 

Modifications du transport des animaux 
et de la commercialisation (identification 
des animaux, alimentation, abreuvage) 

Nouvelles techniques dans les abattoirs 
(lavage des animaux avant abattage, 
sterilisation des couteaux, des carcasses) 

Nouvelles techniques de traitement 
(recherche des agents pathogimes, 
clauses d'achat etablies par contrat) 

Modifications du transport des produits 
(augmentation de !'utilisation 
d'indicateurs temps/temperature) 

Nouvelles pratiques au niveau des grossistes et 
de la vente au detail (recherche des agents 
pathogenes, formation des employes, 
techniques) 

Modelisation de !'evaluation du risque a tous 
les maillons de la chaine alimentaire par 
l'industrie 

lncitations au niveau des prix pour reduire 
la quantite d'agents pathogenes dans 
les produits a to us les maillons de la chaine 
alimentaire 

coats des flambees epidemiques : 

Abattage des troupeaux/rappel des produits 
Fermeture et nettoyage des usines 
Amendes reglementaires 
Proces intentes par les consommateurs et les 

entreprises sur la garantie des produits 
Diminution de la demande pour les produits 

a cause de la flambee epidemique : 
Production animale en general-
toutes les entre prises sont touchees 
Reductions pour certaines entreprises au 
niveaux des grossistes ou de la vente au detail 

Augmentation de la publicite et des garanties pour les 
consommateurs a la suite des flambees 
epidemiques 
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Regulatory and public health sector costs 
for foodborne pathogens 

Disease surveillance costs to: 

Monitor incidence/severity of human disease 
by food borne pathogens 

Monitor pathogen incidence in the food chain 

Develop integrated database from farm to table 
for foodborne pathogens 

Research to: 
Identify new food borne 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 violatedc 

Other considerations: 

Distributional effects in different regions, 
industries, etc. 

Equity considerations, such as special concern 
for children 

Coiits dans les secteurs de la sante publique 
et de la regie mentation associes aux agents pathogenes 
d'origine alimentaire 

coats de la surveillance epidemio/ogique pour: 

Surveiller !'incidence et la gravite des maladies 
humaines causees par les agents pathogimes 
d'origine alimentaire 

Surveiller !'incidence des agents pathogimes 
dans la chaine alimentaire 

Elaborer une base de donnees integrant toutes 
les etapes, de !'exploitation agricole a la table 
du consommateur, pour ces agents pathogimes 

Recherche pour: 
Identifier de nouveaux agents pathogimes 

transmettant par l'alimentation des maladies 
aigues ou chroniques chez l'homme 

Etablir la liste des produits et des pratiques de 
production et de consommation a haut risque 

Identifier les consommateurs les plus exposes 
au risque pour chaque agent pathogene 

Mettre au point des epreuves plus rapides 
et moins coOteuses de recherche des agents 
pathogenes 

Modelisation de !'evaluation du risque pour tous 
les maillons de la chaine alimentaire 

coats des flambees epidemiques : 

CoOts des enquetes sur les flambees 
Epreuves diagnostiques pour limiter la flambee 

epidemique (par exemple les recherches seriques 
et I' administration d'immunoglobulines 
aux personnes exposees a l'hepatite A) 

Frais de nettoyage 
Proces en justice concernant !'application 

des reglements qui ont pu etre violesc 

Autres considerations : 

Effets sur la distribution dans differentes regions 
et industries, etc. 

lnterets speciaux comme les preoccupations pour 
les enfants en particulier 

• Willingness-to-pay estimates for reducing risks of food borne disease is a comprehensive estimate of all these categories (assum1ng that the individuals have included 
employer funded s1ck 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.- Les estimations du desir de payer pour la reduction des nsques des maladies d'origine alimentaire comprennent les estimations 
pour toutes ces categories (en partant de l'hypothese que les indivldus ant inclus les conges-maladie et les programmes d'assurance medicale payes par les 
employeurs). 11 s'agit d'une estimation exhaustive qui couvre la reduction du risque pour taus, ceux qui tomberont malades et ceux qu1 ne le deviendront pas. 

b Some industry costs may fall with better pathogen control, such as reduced product spOilage, possible increases m product shelf-life, and extended shelf-life permittmg 
shipment to more distant markets or lowering shipment costs to nearby markets.- Certains coOts pour l'industrie pourra1ent d1sparaltre avec une meilleure lutte contre 
les agents pathogenes, comme la diminution des produits a mettre au rebut, l'accroissement possible de la duree de conservation, permettant !'expedition vers 
des marches plus lointams ou abaissant les fra1s de transports vers les marches proches. 

c 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 suffering cost to individuals. 
However, the legal and court expenses incurred by all parties are societal costs.- En faisant la somme des coOls, il faut bien s'assurer que les frais de garantie des 
produits pour les entreprises ne sont pas deja comptes dans !'estimation du pretium doloris pour les personnes Quoi qu'il en so it, les frais juridiques assumes 
par toutes les parties representent des coOls pour la societe dans son ensemble. 

Source: USDA, Econom1c Research Serv1ce, based on table in (12) - USDA, Economic Research Service, d'apres le tableau dans (12). 

medications, and special procedures unique to 
treating the particular foodborne illness. Such 
costs reflect the number of days/treatments of a 
medical service, the average cost per service/treat
ment, and the number of patients receiving such 
service/treatment. 
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Most people with foodborne illnesses only miss 
1 or 2 days of work. This lost productivity is approxi
mated by wage rates, published by the United 
States Bureau of Labor Statistics. However, some 
patients die and some develop complications so 
that they never return to work. For these patients, 
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Calculating the value of a statistical life estimates of the value of a statistical life for an 
unidentified individual are used as a proxy for lost 
productivity. The total cost of lost productivity is 
the sum for all individuals affected, including the 
patients and, in the case of ill children, their par
ents or paid caretakers. 

The United States Department of Agriculture's 
Economic Research Service (ERS) now obtains 
value of statistical life estimates from two different 
approaches. The first approach estimates the value 
of a statistical life by using records indicating con-

Table 3 
Estimated annual costs of selected foodborne illnesses in the United States a 

Tableau 3 
CoOts annuels estimes de certaines maladies d'origine alimentaire aux Etats-Unis d'Amerique a 

Pathogen and disease/complication
Agent pathogime et maladie/complication 

Bacteria: - Bacteries: 

Campylobacter jejuni or coli 
Campylobacteriosis -
Campylobacteriose 

Clostridium perfringens 
C. perfringens intoxications -
lntoxications par C. perfigens 

Escherichia coli 0157:H7 
E. coli 0157:H7 disease- Maladie 
a E. coli 

Estimated food borne illness- Estimated food borne Illness costs, assuming:-
Maladies d'origine alimenta1re (estimations) CoOls estimes des maladies d'origine al1menta1re, 

selon hypotheses : 

Cases- Cas Deaths- Deces US$ 5 mil. per llfeb- Ref. - Ref. (5JC 
US$ 5 m1ll1ons par vieb 

Number- Nombre B111ion US$- Milliards de US$ 

1 1 00 000-7 000 000 110-511 1.2-6.6 0.7-4.3 

10 000 100 0.5 0.1 

8 000-16 000 80-200 0.4-1.0 0.1-0.3 
Hemolytic uremic sydromed -Syndrome 
hemolytique-uremiqued 320-656 96-233 0.5-1.2 0.2-0.4 
Subtotal - Sous-total 176-433 0.9-2.2 0.3-0.7 

Listeria monocytogenese 
Listeriosis - Listeriose 928-1 767 230-485 1.2-2.2 0.12-0.25 
Complications 22-41 0 0.1-0.2 .03-.05 
Subtotal - Sous-total 230-485 1.3-2.4 0.1-0.3 

Salmonella (non-typhoid) - Salmonella 
(non typhoidique) 

Salmonellosis - Salmonellose 696 000-3 840 000 870-1 920 4.8-12.2 0.9-3.5 

Staphylococcus aureus 
S. aureus intoxications- lntoxications 
par S. aureus 1 513 000 454 3.3 1.2 

Parasite: 
Toxoplasma gondiif 

Toxoplasmosis- Toxoplasmose 217 40 0.1 0.04 
Complications 1 541 0 7.6 3.15 
Subtotal - Sous-total 1 581 40 7.7 3.2 

Total 3 300 000-12 300 000 1 900-3 900 19.7-34.9 6.5-13.3 

a Cost estimates are in 1995 US$.- Estimation des coOts en dollars US de 1995. 
b The $5 million value of a statistical life was estimated from wage-risk studies.- La valeur de US$ 5 millions etablie pour une v1e stat1stique a ete estimee apres des etudes 

de risque-salaire. 
c This human capital approach, mcreased by a willingness-to-pay multiplier, estimates the value of a stat1st1callife, depending on age, to range from roughly $15 000 

to $1 979 000 in 1995 US$.- Cette approche fondee sur le capital humain, augmente d'un coefficient tenant compte du consentement ll payer, est une estimation 
de la valeur d'une v1e statlstlque, en fonction de l'age, et allant d'environ US$15 000 ll US$1 979 000 (valeur 1995). 

d Kidney failure. -lnsuffisance renale. 
• Includes only hospitalized patients because of data limitations.- Concerne uniquement les malades hospitalises, en raison de l'insuffisance de donnees. 
t Includes only toxoplasmosis cases related to fetuses and newborn children who may become blind or mentally retarded. 217 develop severe acute illness at birth, of 

which 40 die and 177 survive acute illness but develop complications by age 17. In addit1on to these 177 acute cases with complications, 1 364 cases do not have 
noticeable acute illness at birth but develop complications by age 17 for a total of 1 541 food borne illness cases with complications. Does not include all other cases 
of toxoplasmosis. Another high-risk group for this parasite is the immunocomprom1sed, such as patients with AIDS. -N'inclut que les cas detoxoplasmose concernant 
des fret us et des nouveau-nes nsquant de devenir aveugles ou de presenter un retard mental. Parmi ces cas, 217 ont une maladie aigue a la naissance, dont 40 decedent 
et 177 survivent mais font des complications avant I' age de 17 ans. Outre ces 177 cas aigus avec complications, 1 364 cas ne presentent pas de maladie aigue notable 
a la naissance mais font des compl1cat1ons avant l'age de 17 ans, sur un total de 1 541 cas de maladies d'origine alimentaire avec complications Ce chiffre n'inclut 
pas les aut res casdetoxoplasmose. Les suiets immunodeficients, parexemple les malades atteintsde SIDA, constituent un autre groupell haul nsque pourcette maladie. 
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sumers' willingness-to-pay to reduce the risks of 
death and poor health. The hedonic-wage ap
proach uses labour market data to estimate con
sumers' willingness-to-pay. Workers, often subcon
sciously, place a value on life and health when they 
earn higher wages in jobs that incur risks. Typical
ly, employers must offer workers higher wages to 
induce them to take such a job, as opposed to 
similar jobs with no such risks. 

Viscusi ( 4) compared wage differences in 
24 wage-risk studies and found that the extra wages 
associated with the increased overall hazard of 
1 death from risky jobs are between $3 million and 
$7 million (in 1990 US$). Several United States 
regulatory agencies use either Viscusi's range of 
estimates or the $5 million midpoint when ana
lysing the benefits of proposed public-safety rules. 
[Note: this value is usually not updated to a more recent 
year for these analyses}. The $5 million value is used 
when estimating costs under this first approach. 
One caveat when using this estimate for food borne 
disease is that it was developed for United States 
workers employed in risky jobs whereas more se
vere cases of foodborne illnesses often occur 
among the very young, the elderly, and the immu
nocompromised. Without further research it is un
clear whether the $5 million over- or under-esti
mates the per-person value of a statistical life for a 
particular sub-population with foodborne illness. 

The second approach was developed by Lande
feld and Seskin (5) and estimates the value of a 
statistical life by focusing primarily on lost produc
tivity. For those who die or are unable to return to 
work, this lost productivity is calculated using a 
combination of human capital and willingness-to
pay estimates. Human-capital estimates are the 
value in today's dollars of the difference between 
an individual's lifetime stream of income if the 
illness had not occurred, and the income stream 
given the illness. Landefeld and Seskin increased 
human capital estimates by a risk-aversion multi
plier that captures people's willingness-to-pay to 
avoid death, as reflected in life insurance premi
ums. These estimates of the value of a statistical life 
range, depending on age, from roughly $15 000 to 
$1 979 000 (in 1995 US$). The major limitation of 
this approach is that it does not fully consider the 
value that individuals may place on (and pay for) 
feeling healthy, avoiding pain and suffering, or 
using their free time. Because the approach does 
not cover all of these valuable aspects of health, the 
approach understates true societal costs. 

ERS uses both approaches here because econo
mists have not reached a consensus on which esti
mates to use, though they may now be leaning toward 
the hedonic-wage approach. Previously, ERS used the 
Landefeld and Seskin estimates in cost-of-illness anal
yses because these estimates are more conservative 
and provide values for patients of different ages, 
instead of one value for patients of all ages (6). 
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High costs of foodborne illness in the United 
States 
When Landefeld and Seskin's value of a statistical 
life estimates were used in the cost-of-illness ana
lyses, estimated annual United States costs of the 
seven foodborne illnesses totaled $6.5-$13.3 bil
lion. Using the $5 million value from the hedonic
wage studies, annual costs totalled $19.7-$34.9 bil
lion. 

Both sets of estimates are in 1995 US$ and 
undervalue true societal costs of foodborne ill
nesses, however, because the analyses covered only 
7 pathogens and did not incorporate all of the 
costs identified in Table 2. Estimated costs would 
also increase if the costs for all complications 
linked to foodborne illnesses, such as arthritis and 
Guillain-Barre syndrome were included. Research 
on estimating the costs of these complications is 
needed. 

Cost estimates in other countries 
The primary limitation in estimating foodborne 
disease costs is that for most pathogens there are 
no accurate data on incidence and the distribution 
of outcome severity. A landmark study by the 
United States Centers for Disease Control and Pre
vention (CDC) did provide "best estimates" of 
foodborne illness for selected pathogens and was 
the foundation for our cost estimates (7). For other 
countries, surveillance systems are generally re
stricted to reporting foodborne disease outbreaks 
(which misses the majority of cases that are unre
ported) and/ or laboratory isolates from patients 
who have consulted a doctor (which captures more 
cases, but misses the milder cases, persons who 
prefer self-treatment as well as cases where the lab 
test does not isolate a pathogen or where the doc
tor does not ask for a lab test). 

Todd (8) extrapolated estimates of foodborne 
illness cases and deaths from the Bennett study (7) 
to Canada with some adjustments. The most not
able adjustment is a reduction of the estimated 
death rate. Foodborne illnesses were estimated at 
2.2 million annually at a cost of CAN$ 1.3 billion 
(1985 CAN$, using Landefeld and Seskin esti
mates). 

Razem & Katusin-Razem (9) estimated the costs 
of notified foodborne disease poisoning cases in 
Croatia. They assumed that the cost per salmonel
losis case would be representative of the average 
foodborne illness. To extrapolate cost estimates 
from studies in other countries to Croatia, they 
used the ratio of Gross National Product per capita 
between Croatia and the reference country. Esti
mated foodborne illness costs in Croatia exceeded 
US$ 2 million annually. 

The cost of inpatient care in hospitals for acute 
infectious intestinal disease in England from 1991 
to 1994 has been estimated at £24 million annually 
(10). Roberts (11) estimated the medical costs and 
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value of lives lost from five infections in England 
and Wales at £300-£700 million annually. The 
foodborne percentage was not discussed in these 
studies, but implied to be the bulk of the cases. 
Other cost estimates in the literature are limited to 
costs for specific pathogens and are not reviewed 
here (see (12) for a brief discussion of these esti
mates). 

Inter-country extrapolations of foodborne ill
ness cases, deaths, and costs are hindered by differ
ences in surveillance systems.c Although the basis 
of surveillance systems will never be quite the same 
for all countries, perhaps in the future, surveil
lance systems may be sufficiently similar for reason
able comparison. 

Foodborne illness risks differ among countries 
Countries face real differences in foodborne illness 
risks and as a result the incidence of foodborne 
illness and associated deaths varies. International 
differences in food production practices that can 
influence the probability of pathogen contamina
tion include: farming and husbandry practices 
(e.g., degree of industrialization), slaughtering 
and processing technologies, storage and preserva
tion techniques (including refrigeration, gas-pack
ing etc.), and final preparation (see Table 2 in 
(17)). 

Pathogens vary in their geographical distribu
tion in the environment and in food production 
systems. Livestock vary in their genetic suscepti
bility to a specific pathogen. Climate, such as a 
harsh winter, limits the lifetime and spread of some 
pathogens. 

Human host factors include differences in the 
number of people who are more susceptible to 
infection, such as the elderly, infants, and persons 

c Improvements in surveillance systems that are underway in 
many countries will improve the ability of economists to 
estimate societal costs of foodbome illness. In the United 
States, a joint effort by CDC, Food Safety and Inspection Service 
(FSIS), and Food and Drug Administration will survey all 
patients with diarrhoea! disease at selected sentinel sites to 
develop national incidence estimates for specific pathogens 
causing diarrhoea ( 13). In the United Kingdom, a 3-year survey 
of 70 general practitioners for patients with gastroenteritis is 
nearing completion. This is a collaborative study between the 
Public Health Laboratory Service, the Medical Research 
Council, the London School of Hygiene and Tropical 
Medicine, and the Department of Health. It will include 
identification of pathogens, acute and chronic impact, and 
estimates of economic costs (14). Salm-Net is improving 
European surveillance of human salmonellosis, based on 
laboratory reports. The goal is on-line availability to use in 
spotting emerging outbreaks across national borders ( 15 ). New 
Zealand has estimated there may be as many as 300 000 cases of 
foodbome illness annually (16), but a breakdown by specific 
pathogen is not available for most pathogens. Australia is 
currently planning a population based study of diarrhoea! 
disease which will employ similar methodology to that of the 
FDA/FSIS/CDC study underway in the United States. A 
national foodborne disease outbreak surveillance system is 
currently being developed and will be piloted in a number of 
states in 1997 (S. Crerar, unpublished observations, 1996). 
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who are immunocompromised due to medical 
conditions, malignancy, immunosuppressive treat
ment, and malnutrition. The unavailability of an 
adequate food supply leaves people with inade
quate strength to build up resistance to pathogens 
(3). Even iffood is available in sufficient quantities 
for nourishment, poor-quality food ingredients 
may contain relatively higher pathogen loads. 

These groups are more susceptible than others 
to opportunistic and low-dose pathogens, and 
more likely to develop serious manifestations of 
the infections, including secondary complications 
and death. The increasing prevalence of AIDS 
patients worldwide means a growing population at 
risk from food borne diseases. The death rate from 
foodborne illnesses is considered to be higher in 
developing countries where pre-existing medical 
conditions are common, nutritional status is poor, 
and where there is a reduced likelihood of immedi
ate medical attention (18). Overall, costs of food
borne illnesses are likely to be higher in countries 
with larger at-risk populations. 

Cultural and individual food-handling prac
tices, cooking preferences, and kitchen hygiene 
routines may put some individuals at higher risk of 
food borne illness. Such factors may vary from one 
country or region to another. For example, per
sons who consume greater quantities of a food 
likely to contain pathogens and persons who prefer 
raw or rare animal protein products (such as 
cheeses made of unpasteurized milk ( 19), raw shell
fish/seafood, raw or rare meat products, and many 
egg dishes) face higher risks offoodborne illness.d 

International trade and food safety 
International trade in agricultural products and 
commodities is extensive and growing. The global 
value of this trade was estimated at US$ 381 billion 
in 1993 (23). Any trade poses some risk of introduc
ing new food borne pathogens into countries (e.g., 
new Salmonella strains (24)) or spreading patho
gens across boundaries (i.e., from endemic areas to 
low-endemic areas). Perceptions of these and oth
er food safety risks, as well as the value of a statisti
cal life, vary among countries. These differences 
contribute to the diversity of international stan
dards for food production and inspection, as well 
as the diversity of regulatory procedures. 

d The 1993 outbreak of E. coli 0157:H7 in the United States was 
associated with medium-rare hamburgers. The consumption 
of raw limpets by the Portuguese population in the United 
States has been responsible for cases of typhoid fever and 
Norwalk-l~e gastroenteritis (20). Latin American dishes, such 
as raw meat or fish marinated in lime juice, pose risks. And, 
human infection with the liver fluke Dpisthorchis viverrini 
associated with the consumption of raw fish is the leading cause 
offoodborne parasitic illness in Thailand ( 21 ). Consumption of 
uneviscerated fish led to the first major botulism outbreak in 
Egypt (22). 
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Each year, a proportion of food exports are 
rejected by importing countries on the grounds of 
unacceptable food contamination or food product 
attributes. Individual food shipments or groups of 
shipments can be rejected as in the case of food 
that is decomposed or contaminated with filth or 
hazardous loads of pathogens. But on a larger 
scale, countries can impose food safety-based tech
nical barriers to trade that have more far reaching 
trade impacts. These barriers to trade include re
strictions due to the presence or use of growth 
hormones or antibiotics, and zero or infeasibly low 
tolerance levels for Salmonella, Campylobacter, or 
other pathogens in food. Other food-related bar
riers to trade that do not involve product contami
nation include restrictive shelf-life, labelling, and 
temperature requirements as well as changing and 
ambiguous standards that make exporting to the 
country difficult. These barriers can effectively 
block or limit international trade of food and can 
result in substantial economic losses. 

The worldwide economic consequences from 
these food rejections are unquantified but likely to 
be substantial. To date, data could not be found on 
the total annual volume and economic impact of 
international shipments offood that are rejected for 
real or alleged food safety reasons, either for individ
ual countries or for all countries combined. These 
data are highly sensitive because dissemination of 
the information could jeopardize ongoing techni
cal negotiations with foreign trading partners, espe
cially in cases where official estimates released by a 
government differ from estimates found in the data. 
Estimates, when available to a government agency, 
are commonly used to underpin strategic planning 
efforts and are not for external release. 

Some food safety barriers to trade are reason
able, for example when a sovereign State decides 
to implement a higher science-based standard of 
food safety to protect its residents than similar stan
dards in other countries. It is believed (K. 
DeRemer, unpublished observations, 1996) that 
questionable barriers to trade may include policies 
which are not supported by sound science, are not 
least trade restrictive, or violate one of the many 
other principles in the General Agreement on Tar
iffs and Trade (GATT) and the Agreement on 
Sanitary and Phytosanitary Measures (SPS). For 
example, a barrier to trade may be impose-d under 
the guise of food safety but which was developed 
primarily to shield domestic producers from inter
national competition. A hypothetical example of a 
barrier to trade that is not least trade restrictive is a 
country that requires frozen meat to be both 
frozen and test negative for trichinae even though 
trichinae is killed by freezing and therefore poses 
no health hazard. Food safety regulations can also 
be used to manipulate trade arrangements. 

A zero tolerance for Campylobacter in poultry 
can effectively close off all poultry imports because 
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Campylobacteris a pathogen common to the poultry 
industry worldwide. Perhaps one of the largest 
food safety issue in blocking international trade is 
Salmonella. During the 1970s and 1980s, Salmonella 
on raw meat, mung beans, dried milk, and other 
foods disrupted world trade (25 ). However, many 
exporters found requirements for Salmonella un
reasonable because most microbiologists concur 
that this bacteria cannot be completely eradicated, 
using current technology, from most raw meats 
(25). Regulations that require zero tolerance for 
Salmonella and Campylobacter in imports but do not 
test or hold similar standards for domestic prod
ucts where the pathogens are also endemic violate 
the GATT. 

Steps towards harmonization 
As a result of these varying standards for food safety 
and their subsequent impact on trade, there has 
been substantial and continuing debate on the 
harmonization of international standards. Harmo
nization could potentially provide a level playing 
field by opening markets, bringing cost savings to 
industry, providing an arena to resolve conflicts 
fairly, and perhaps reducing the cost and shorten
ing the time needed to introduce new products. 
For example, cost savings to an industry can occur 
if an exporter needs only one uniform set of micro
bial testing for a product instead of a series of 
redundant and costly procedures and tests. 

Several steps towards harmonization have al
ready occurred. The Codex Alimentarius Commis
sion (commonly referred to as Codex) was created 
in the 1960s by two agencies of the United 
Nations (the World Health Organization (WHO) 
and the Food and Agriculture Organization 
(FAO)) to prepare voluntary standards for the safe 
use and levels of food additives, pesticides, chemi
cals, and contaminants (26). In 1994, the Uruguay 
Round of the GATT was signed by the United 
States and over 100 other nations. The GATT 
agreement provides a framework for distinguish
ing protectionist regulations from legitimate SPS 
regulations by requiring all SPS measures to be 
science-based. As part of the GATT agreement, the 
World Trade Organization (WTO) was created to 
settle trade disputes such as for product standards. 
WTO has no mechanism to devise standards, so it 
refers problematic issues that may be solved by 
having an international standard to Codex or to 
other international standard-setting bodies. Cur
rently, countries either adopt Codex standards and 
are in compliance with WTO's trade rules or they 
have more rigorous standards that they must de
fend using public health and safety reasons (26). 
System approaches such as Hazard Analysis Critical 
Control Point (HACCP) and ISO 9000 standards 
convey verifiable and valuable information to trad
ing partners and thus will likely have important 
implications on international trade (27). 
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Discussion 
The presence of foodborne pathogens in a coun
try's food supply not only affects the health of the 
local population, but also represents a potential for 
spread of pathogens to visiting tourists and cus
tomers in other countries to which food products 
are exported. Likewise, the presence of animal dis
eases in a country's livestock may result in the 
dissemination of pathogens through exportation 
of meat products. Awareness of these problems 
complicates international trade in food and has 
stimulated international efforts to harmonize food 
safety standards. 

Knowledge of the current extent of food borne 
illness cases worldwide, associated costs of illness, 
and costs of rejections in international food ship
ments due to food safety concerns and regulations 
could be used as an indicator by which changes in 
food safety can be monitored. The estimated $6.5-
$35 billion annual costs for 7 foodborne illnesses 
in the United States provides an indication of the 
high costs of food borne illness. Including cost esti
mates for other pathogens and for other countries 
would greatly magnify these costs. 

New tests for pathogens; improved epidemio
logical techniques; new animal production, slaugh
ter, and processing techniques; and application of 
HACCP methods to systematically identify and 
control risks in food production will fundamentally 
increase our ability to reduce risks from pathogens 
in foods. However, improved surveillance pro
grammes are needed to better quantify existing 
risks and target the most costly risks for control. 
Quantifying the economic and health consequenc
es caused by foodborne pathogens can also help 
policymakers weigh the costs and benefits of imple
menting or expanding food safety programmes for 
health promotion and protection. 

Summary 

This article presents the economic costs of foodborne 
diseases for selected countries, the approaches used to 
calculate these costs, and a discussion on the interac
tion between microbial food safety issues and interna
tional trade in food. The human illness costs due to 
foodborne pathogens are estimated most completely 
in the United States of Amenca, where, each year, 
7 foodborne pathogens (Campylobacter jejuni, Clostri
dium perfringens, Escherichia coli 0157:H7, Listeria 
monocytegenes, Salmonella, Staphylococcus aureus, 
and Toxoplasma gondit) cause an estimated 3.3-
12.3 million cases of foodborne illness and up to 
3 900 deaths. These 7 pathogens are found in animal 
products and cost the United States an estimated $6.5-
$34.9 billion (1995 US$) annually. The presence of 
food borne pathogens in a country's food supply not only 
affects the health of the local population, but also repre
sents a potential for spread to pathogens to visitors to 
the country and to consumers in countries which import 
food products. With more complete data on foodborne 
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illnesses, deaths, costs and international trade rejec
tions in each country, indicators could be developed by 
which changes in food safety can be monitored. 

Resume 

Coiit economique et impact commercial des 
maladies microbiennes d'origine alimentaire 

Cet article presente le coat economique des maladies 
d'origine alimentaire dans certains pays, avec les ap
proches utilisees pour les calculs et une discussion sur 
les rap ports entre les questions de securite microbiolo
gique des aliments et le commerce international des 
denrees alimentaires. Le coat des maladies humaines 
dues a des agents pathogrmes alimentaires est estime 
de fac;:on tres complete aux Etats-Unis d'Amerique ou, 
chaque annee, 7 agents pathogenes transmis par les 
al iments ( Campylobacter jejuni, Clostridium perfrin
gens, Escherichia coli 0157:H7, Listeria monocytoge
nes, Salmonella, Staphylococcus aureus et Toxoplas
ma gondit) provoquent entre 3,3 et 12,3 millions de cas 
de maladie et jusqu'a 3 900 deces. Ces agents se 
rencontrent dans les produits animaux et coOtent cha
que annee aux Etats-Unis de US$ 6,5 a 34,9 milliards 
(valeur 1995). La presence d'agents pathogenes dans 
la chaTne alimentaire d'un pays affecte non seulement la 
sante de sa population mais constitue egalement un 
risque de propagation aux visiteurs etrangers et aux 
consommateurs des pays importateurs de denrees. En 
disposant de donnees plus completes sur les maladies 
d'origine alimentaire, les deces, les coats et les opposi
tions au commerce international pour chaque pays, on 
pourrait elaborer des indicateurs qui permettraient de 
surveiller les modifications de la salubrite des aliments. 
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