
Summary

As our food system changes at all levels (con-
sumption, production, and trade), these changes
alter the nature and incidence of food safety

risks. Greater consumer affluence and awareness of food
safety issues tends to lead to a greater demand for safety.
The three case studies in this chapter represent food
safety issues that affect international trade of high-value
meat and poultry products. The first case study is of
Bovine Spongiform Encephalopathy (BSE) or “mad-cow
disease,” which began in the United Kingdom (UK) and
has caused regulatory changes affecting both imports
and market access worldwide. This case study shows
that while live cattle and beef exports from the United
Kingdom were decimated by three BSE crises (1988,
1996, and 2000), and have not recovered, total European
Union (EU) exports of these products have been far less
affected to date. For a brief period of time after each of
the three BSE crises, EU domestic consumption of beef
declined sharply. While EU domestic consumption of
beef has gradually increased back to its long-term trend,
prices have not recovered, suggesting some shift in
demand. During the 1996 crisis, BSE became a human
health issue when a connection between BSE and a new
human variant of Creutzfeldt-Jakob disease (vCJD) was
announced in the UK. BSE has affected the rendering
industry and, because bovine byproducts and rendered
products are used as intermediate inputs in so many

products, effects have spread to the cosmetic, feed, med-
ical, pharmaceutical, and other sectors. 

The second case study, chosen to represent microbial
food safety risks, focuses on Salmonella and covers
the issue of zero or near-zero tolerance for Salmonella
in poultry imposed by some countries. The Salmonella
case study shows that many countries have trade
restrictions for Salmonella in poultry and these restric-
tions vary by type (specific products or processing),
extent (inspections of slaughter facilities, production
practices), and duration, making compliance challeng-
ing for exporters. The technical ability to monitor and
detect Salmonella and other pathogens is increasing
and has led to major concerns about the difficulties in
meeting the increasingly stringent or near-zero toler-
ance standards for Salmonella imposed by some coun-
tries. Also at issue is the inconsistency between
standards for domestic and imported poultry.

Some foodborne pathogens, including Salmonella,
have the potential to develop resistance to drugs used
in livestock production so that the association of live-
stock drug use with drug-resistant foodborne
pathogens and drug residues have potential implica-
tions for international trade. The third case study
examines that issue, again using Salmonella as an
example. There is accumulating evidence that some
pathogens are becoming resistant to antibiotics. Some
countries (for example, in the EU) prohibit the low-
level (subtherapeutic) use of certain antimicrobial
drugs as growth promotants in livestock production or
have proposed such prohibitions based on their percep-
tion that there is enough evidence linking livestock
drug use and human antibiotic effectiveness in treating
foodborne illnesses, including salmonellosis.
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Introduction

This chapter focuses on food safety concerns surround-
ing meat and poultry products and their associated
impacts on international trade. These high-value prod-
ucts are widely traded internationally. The impacts from
food safety concerns on meat and poultry trade are par-
ticularly important to the United States because of the
high value and volume of U.S. exports of these products
(table 4.1). U.S. exports of cattle, sheep, hogs, poultry,
and many of their products account for roughly 10 per-
cent of the value of cash receipts for those livestock
species at the farm level. In terms of volume, about 20
percent of U.S. poultry production and 8.5 percent of
U.S. beef production was exported in 2001. Although

the United States is not a major importer of poultry,
imports of meats and live animals are important, partic-
ularly imports of young live animals.

In the short run, meat and poultry trade varies due to
year-to-year fluctuations in supply and demand. Supply
may be affected by factors such as exchange rates and
animal disease incidents that cause temporary trade
restrictions. Demand factors that affect meat and poultry
trade include changes in tastes and preferences, popula-
tion growth, responses to food safety issues, and growth
in income. Imports and exports for a particular sector
may increase simultaneously due to differences in the
supply and demand for different types of products pro-
duced within that sector. For example, U.S. consumers
tend to prefer white poultry meat, and consequently the
United States tends to export dark poultry meat. In gen-
eral, poultry markets are subject to a mix of trade and
national regulations combined with traditional and non-
tariff barriers (Orden et al., 2002). Historically, non-
tariff trade barriers have also been important in markets
for other meats.

Meat and poultry trade has increased over time, and
continued increases are projected over the next few
decades, both in the United States and worldwide.
World exports of poultry have increased dramatically
and now account for about 10 percent of world con-
sumption (Orden et al., 2002). Of all U.S. animal and
crop exports, red meat exports increased the most over
the last two decades. The 5-year average volume of
U.S. red meat exports rose over 300 percent between
1981-85 and 1996-2000. 

In its 1999 report on Animal Agriculture and Global
Food Supply, the Council for Agricultural Science and
Technology projected growth in international trade for
livestock and livestock products, especially meat prod-
ucts (CAST, 1999). Predicting a 63-percent increase in
global demand for meat through 2020, the CAST report
attributed 88 percent of the projected increase to devel-
oping countries, with China accounting for half of that
increase. Two specific reasons were cited for this pro-
jected increase in global demand for meat. First,
increased urbanization due to increasing populations
and rising incomes have increased per capita demand
for meat, milk, and eggs. Second, increased global
demand for meat reflects the increased demand for
high-quality protein to improve children’s growth, cog-
nitive development, and health in countries where con-
sumption of animal products is traditionally low.
Meanwhile, per capita consumption of red meat has
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Table 4.1—U.S. livestock product exports and
imports

Fiscal year

2001 2002 2001 2002

—1,000 units— —$ million—

Exports
Animals, live — — 727 696
Meats and preps., 
excl. poultry1 (mt) 2,442 2,590 5,193 5,113

Dairy products — — 1,121 1,031
Poultry meats (mt) 2,810 2,586 2,084 1,879
Fats, oils, and 
greases (mt) 1,049 1,339 320 454

Hides and skins, 
incl. furskins — — 1,933 1,776
Cattle hides, whole — — 1,437 1,121

Imports
Animals, live — — 2,198 2,022
Meats and preps., 
excl. poultry1 (mt) 1,600 1,656 4,091 4,187
Beef and veal (mt) 1,056 1,067 2,645 2,749
Pork (mt) 399 439 1,039 992

Dairy products — — 1,728 1,841
Poultry and products — — 258 317
Fats, oils, and 
greases (mt) 106 99 62 63

Hides and skins, 
incl. furskins — — 162 136

Wool, 
unmanufactured (mt) 21 12 53 31

1 Includes beef, pork, variety meat, and processing.

Source: Agricultural Outlook Statistical Tables, February 2003,
accessed March 27, 2003:
www.ers.usda.gov/publications/Agoutlook/AOTables/AOTables.htm



declined in the United States (Haley, 2001) and in some
other developed countries, although U.S. per capita con-
sumption of poultry has increased (Regmi, 2001).

This growth in meat and poultry exports has been
accompanied by several food safety disputes. From the
perspective of the United States, perhaps the best-known
market access problem arising out of a food safety issue
is the 1989 beef hormone ban that adversely affected
Canadian and U.S. exports of beef to the European
Union (see box 4.1, “The Hormone Case…”). Other
examples of food safety concerns negatively affecting
U.S. exports of meat and poultry products include suspi-
cion of E. coli on beef products exported to Japan and of
Salmonella on poultry products exported to Russia. An
example of how a food safety concern not endemic to
the United States can still negatively affect U.S. produc-
tion and trade is Bovine Spongiform Encephalopathy
(BSE) in cattle and its potential link to variant
Creutzfeldt-Jakob disease (vCJD). BSE is the focus of
the first case study here, the second covers Salmonella in
poultry products, and the third discusses drug resistance.
These food safety issues have caused changes in policies
and trade flows worldwide. 

Food Safety for Meat 
and Poultry

Ensuring food safety for internationally traded meat
and poultry is particularly challenging because these
products are perishable and can be contaminated by a
variety of food safety hazards. Meat and poultry, along
with other raw foods of animal origin (i.e., raw eggs,
unpasteurized milk, and raw shellfish), are the foods
most likely to cause foodborne illness outbreaks
(CAST, 1994, p. 32). 

Meat and poultry can be contaminated during produc-
tion processes in many ways. In addition to physical
contaminants like bones, hair, and other items, meat
and poultry can also be contaminated with hormones,
drugs, and other compounds that can leave residues in
food, or by pathogens that can pass from animals or
the environment to humans through contaminated raw
food products or processing steps (table 4.2). Of
bovine products, ground beef poses higher risks from
E. coli O157:H7 than whole cuts of meat. The nature
of ground beef is such that one hamburger may con-
tain meat from many cows so any existing contamina-
tion can be spread throughout a batch of hamburger,
making thorough cooking even more important. 

Pathogens such as E. coli O157:H7 and Salmonella are
commonly found in the gastrointestinal tract of ani-
mals and birds (Wells et al., 1998). Contamination of
meat and poultry can occur during slaughter if the gas-
trointestinal tract is punctured or if there is contamina-
tion on the hides, feathers, and hoofs when animals
enter the slaughterhouse (IFT, 2003; Feinman, 1979).
During processing, poultry are eviscerated, then gener-
ally chilled in a cold water bath, and sprayed with a
cleansing solution. The cold water bath is somewhat
controversial because it can spread pathogens to previ-
ously uncontaminated carcasses. Beef animals are also
eviscerated, and the carcasses are sprayed with a
cleansing solution, but then they are air chilled rather
than dipped in water. 

In general, improvements in food safety, such as safe
canning procedures, pasteurization of milk, and disin-
fection of water supplies have successfully contributed
to the control of many foodborne diseases. Similarly,
to improve meat and poultry safety, existing technolo-
gies, such as irradiation, and new technologies, such as
steam pasteurization, continue to be developed,
refined, and adopted.

Links Between Animal and 
Human Health 

More than 200 known pathogens are transmitted
through food and pose human health risks (Mead et
al., 1999). Many of the more important foodborne dis-
eases are caused by pathogens such as Salmonella,
Campylobacter, Clostridium, and Listeria, some of
which are zoonoses.2 Additional diseases are thought
to be zoonoses, but conclusive evidence demonstrating
the animal and human disease relationship is missing
(e.g., Johne’s disease in dairy cattle and Crohn’s dis-
ease in humans (Collins, 1995; Thoen and Williams,
1994)). Some pathogens have changed or evolved
recently into much more virulent strains (e.g., E. coli
O157:H7 and Salmonella Typhimurium DT-104).
Some strains of these bacterial pathogens have the
added threat that through genetic variations, they have
developed resistance to some antibiotic drugs. 

The links between animal and human health are com-
plex. In addition to the direct food safety links, there
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2 Zoonoses are disease-causing agents in both animals and humans
and which can be passed between the two.
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While there is some controversy whether the EU hor-
mone ban is a measure to protect food safety or to
protect EU beef producers, there is little doubt that it
originated from consumer concerns about the effects
of hormones on human health (Kerr and Hobbs,
2000). Roberts (1998) clarifies this point:

The original ban was proposed in response to
public anxieties that emerged in the late 1970s
and early 1980s following widely publicized
reports of ‘hormone scandals’ in Italy. In 1977,
some northern Italian school children exhibited
signs of premature development which investiga-
tors suspected was linked to illegal growth hor-
mones in veal or poultry served in school lunches.
Although exhaustive examination of possible
causes of the abnormalities produced no concrete
conclusion, a public furor rose over the use of
hormones in livestock production. Then, in 1980,
numerous supplies of veal-based baby food in
Italy were found to contain residues of the illegal
growth promotant diethylstilbestrol (DES), a syn-
thetic hormone used as a feed additive to increase
productivity in animal production (p. 386).

In response to these human health concerns, the
European Commission (EC) banned the use of certain
hormones for farm animals (Directive 81/602). In
1985, the EU further extended this ban to include all
natural and synthetic hormones for growth promotion
and prohibited imports of meat from animals using
hormones (Directives 88/146 and 88/299). The import
ban went into effect in January 1989. 

In the only food safety disputes to advance to a World
Trade Organization (WTO) dispute panel, the United
States and Canada challenged the science basis for the
EU ban on growth hormones in beef production. The
EU’s defense of its measure rested on its claims that the
international standards for these hormones did not meet
its public health goals and that the ban represented a
precautionary approach to managing uncertain risks. 

The WTO Appellate Body upheld the original panel’s
decision that the EU’s ban violated the provisions of the
Sanitary Phytosanitary (SPS) Agreement (Roberts,
1998). Both decisions affirmed the right of WTO mem-
bers to establish a level of consumer protection higher
than the level set by international health standards. The
ban was nonetheless judged to be in violation of the

SPS Agreement as it was not backed by an objective
risk assessment (in violation of Article 5.1 and Article
3.3). The panel and judges also rejected the EU’s use of
the “precautionary principle” in its legal defense, as
there is no explicit reference to this principle in the
treaty. The SPS Agreement does recognize a condi-
tional precautionary principle in Article 5.7, which
allows countries to provisionally adopt measures “on
the basis of available pertinent information” while seek-
ing additional information “necessary for a more objec-
tive assessment of risk.” However, the EU could not
defend its permanent ban under this provision.

Significantly, the Appellate Body did overturn the
panel’s ruling that the ban violated Article 5.5, which
requires countries to avoid variation in the levels of
health protection provided by its SPS measures, if such
variation results in discrimination or creates a dis-
guised restriction on trade. The judges concurred with
the panel that EU policies regarding the use of growth
promoting substances in animals were “arbitrary and
unjustifiable” as the EU allowed their use in pork.
However, they disagreed that the ban was “a disguised
restriction on trade,” perhaps in deference to public
anxieties that emerged in the late 1970s and early
1980s following widely publicized reports of illegal
veterinary drug use in Italy and France. But although
the Appellate Body was willing to acknowledge that
the ban was originally motivated by “consumer con-
cerns” rather than by protectionism, the overall out-
come of the case suggests that the WTO will rule
against measures based on popular misconceptions of
risks as well as more overtly discriminatory measures. 

The EU did not fulfill its obligation to bring its meas-
ure into compliance with the SPS Agreement by the
May 1999 deadline, stating that it needed more time
to complete risk assessments. The WTO consequently
authorized the United States and Canada to increase
tariffs on $128.1 million of EU exports until the EU
complied with the ruling or provided compensation
for the ban by lowering other trade barriers. The par-
ties continue to discuss options such as increased
market access for hormone-free beef and labeling, but
the case has not yet been settled. Both the ban and
the retaliatory tariffs remain in place. 

Box authored by Donna Roberts (ERS) and 
Laurian Unnevehr (University of Illinois)

Box 4.1—The Hormone Case and the WTO Dispute Panel



also appear to be tradeoffs between protecting human
and animal health. For example, the use of antimicro-
bial drugs for livestock may protect animal health by
reducing pathogens, but may pose some risks to
human health through decreased effectiveness of some
human antibiotics (CAST, 1994). However, scientific
uncertainty surrounds these tradeoffs. Much remains
unknown about the impacts of livestock drug use on
human health. For example, while it is known that
antibiotic use in livestock production can lead to an
increase in the presence of resistant bacteria in live-

stock and farms, the actual origins of the resistant bac-
teria or the resistance factors are not known. Also
unknown is the extent to which livestock drug use is
responsible for human foodborne illnesses due to
resistant bacteria.

Increased trade in livestock products also increases
the risk of introducing pathogens or foreign animal
diseases into countries. Risks from internationally
traded products differ from risks from domestic prod-
ucts in at least one important respect. With livestock
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Table 4.2—Animal diseases or pathogens that have human health implications1

Human diseases
or conditions Annual

Foods beyond gastrointestinal fatalities 
Disease/pathogen Source affected symptoms in U.S.2 Comments

Prions
Bovine spongiform Cattle Brain, nerve Variant Creutzfeldt-Jakob’s 0 (>115 BSE is always fatal in cattle 
encephalopathy (BSE) tissue, eyes, disease (vCJD) worldwide as is vCJD in humans

ileum since 1996)
Bacteria

Campylobacter Poultry, cattle, Raw milk, Reactive arthritis, 99 Leading cause of known 
pork poultry, beef, Guillain-Barré syndrome bacterial foodborne illness

pork, shellfish in the U.S.

Escherichia coli O157:H7 Cattle Ground beef, Hemolytic uremic 52 Children under 5 years of age
raw milk syndrome (HUS) are particularly vulnerable to 

this pathogen and to HUS

Listeriosis monocytogenes Many birds, Hot dogs, Sepsis, meningitis, 499 Can cause stillbirths and 
mammals, and luncheon meat, bacteremia, acute spontaneous abortions
other animals and numerous febrile gastroenteritis

other foods

Salmonella (non-typhoid) Poultry, cattle Meat, poultry, Reiter’s syndrome, 533 Second leading known 
milk, eggs, and reactive arthritis bacterial cause of foodborne 
numerous other illness in the U.S.
foods

Yersinia Swine Pork, milk, or Joint pain 2 Most infections are 
milk products uncomplicated and resolve 

completely

Parasites
Toxoplasma gondii Swine and Pork, Chronic reactive arthritis, 375 The primary source of 

contact with insufficiently Reiter’s syndrome, infection for animals is feed
domestic cats’ cooked miscarriage, birth contaminated with cat feces 
litter boxes hamburger defects and possibly with rodent

tissues. 30 to 60 percent of 
adults in the U.S. have 
Toxoplasma antibodies

1 According to the U.S. Centers for Disease Control and Prevention (CDC), more than 200 known diseases are transmitted through food. In the interest of
space, this table is only a partial listing of source species, foods affected, and chronic complications. 
2Annual human fatalities in the United States from all food sources provided by Mead et al. (1999) and by DEFRA (2002) for BSE. 

Source: Adapted from CAST (1994), Frenkel (1990), Mead et al. (1999), Orriss (1997), Thoen and Williams (1994), and Reuters (5/15/96).



products produced and consumed domestically, any
animal and human health concerns stem from
endemic diseases or pathogens, and responses to
problems are often established and ongoing or evolv-
ing. Diseases or pathogens introduced through inter-
nationally traded livestock products may not be
endemic and may pose a whole new set of problems
unfamiliar to the importing country. 

Foreign animal diseases can threaten trade and the
economic health of the importing country and some
pose potential threats to food safety and human health.
Recent examples, not all of which are food safety con-
cerns, include the Canadian BSE outbreak in 2003, the
exotic Newcastle Disease outbreaks in the United
States in 2002, the 2001 Foot and Mouth disease
(FMD) outbreak in the UK, the 1997 FMD outbreak in
Taiwan, the Avian Influenza outbreaks in Asia since
1995 and, the Avian Influenza outbreaks over the last
decade in the United States.  Not all of the foreign ani-
mal diseases in these examples caused food safety
issues per se, but they did disrupt international trade in
livestock products, and, in the case of the highly path-
ogenic form of Avian Influenza in Hong Kong, caused
human deaths (Cardona, 2003).

Case Study 1: 
Bovine Spongiform

Encephalopathy (BSE)

Bovine Spongiform Encephalopathy (BSE) or “mad-
cow disease” is a highly publicized food safety con-
cern (see box 4.2). The associated human disease, a
newly labeled variant of Creutzfeldt-Jakob Disease
(vCJD), is believed to be caused by consuming BSE-
contaminated meat. The BSE case study demonstrates
how major changes in international trade regulations
and standards for live cattle, bovine products, and
many other products can result from a disease with a
relatively low probability of infection but a high fatal-
ity rate. vCJD is always fatal and has caused over 115
deaths worldwide since 1996 (UK Dept. of Health,
Sept. 9, 2002). 

This case study chronicles three BSE episodes and
their trade impacts on the EU (1988, 1996, and 2000).
Because of data limitations on industry costs incurred
to meet domestic and international food safety stan-
dards, trade volumes and values are used as proxies for
measuring the effects from BSE. 

The Issue

BSE is a major food safety concern for several rea-
sons, including: (1) the uncertainty of exactly how the
disease is transferred to humans, which means that we
have limited knowledge of how to prevent it, (2) the
uncertainty of the total number of BSE and vCJD
cases, partly due to the long incubation periods in both
cattle and humans, (3) the inability to destroy the
“prion,” the agent believed to cause BSE and vCJD,
(4) the lack of a cure for BSE and vCJD, and (5) the
ability to confirm the presence of the disease only
through postmortem testing. As we shall see, BSE is
also a major animal health issue affecting production,
consumption, and trade. 

While cases of BSE have been found in many coun-
tries, over 95 percent of all BSE cases have been in the
United Kingdom (UK) (table 4.3).3 Estimated total
costs to the UK alone from BSE-related market losses
and for slaughtering, disposal, and selective cull
schemes are over $5 billion (Watson, 2000). The BSE
case study is presented chronologically and analyzes
the less obvious impacts of BSE during the last 15
years on the volume and value of EU beef exports.
The EU is the third largest beef exporter (after the
United States and Australia). Understanding the
impacts of a crisis like BSE is complicated as coun-
tries have many ongoing trade programs to meet the
various domestic goals. EU trade policies are particu-
larly complex and the introduction of new countries
into the EU over time complicates the analysis of trade
data series. The case study also provides a general dis-
cussion on the effect that BSE has had on countries
worldwide, both on countries where BSE is endemic
and where it is not, and the effects on other sectors
beyond livestock and beef.

The 1988 Episode: Emphasis on
Animal Health Concerns

The first BSE episode occurred in 1988 with the dis-
covery of about 2,500 cases of BSE-infected cattle in
the UK. More BSE-infected cattle in the UK were
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3 No cases of BSE have been confirmed in the United States. A
BSE risk assessment conducted by the Harvard Center for Risk
Analysis and commissioned by the U.S. Department of Agriculture
(USDA) shows that the risk of BSE occurring in the United States
is extremely low and current early protection systems would pre-
vent its spread here. Canada has experienced two cases of BSE, the
first in 1993, and the second on May 20, 2003.



quickly discovered, with over 7,000 additional cases in
1989 and a peak of 37,000 cases in 1993 (fig. 4.1).
This BSE outbreak was not really considered a food
safety issue at the time, and early trade restrictions
were imposed largely in response to the effects of BSE
on animal health. By mid-1989, Australia, Israel, New
Zealand, Sweden, and the United States had banned
imports of live cattle from the UK, while Canada,
Japan, Morocco, and South Africa introduced require-

ments that live cattle imports from the UK be certified
as BSE-free. These trade restrictions caused a signifi-
cant decline in UK live cattle exports. By 1990, UK
live cattle exports were little more than a fifth of their
1988 level and have never recovered (table 4.4). UK
exports, however, constituted only a small share of EU
exports even before BSE, and restrictions on UK cattle
did not have a commensurate effect on either EU or
world live cattle trade. Indeed, total EU live cattle
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BSE is a chronic, degenerative disease affecting the
central nervous system of cattle. The incubation period
usually ranges from 2 to 8 years, and most cases in
Great Britain have occurred in dairy cows between 3
and 6 years of age. Following the onset of clinical
signs, the animal’s condition deteriorates until it dies or
is destroyed. There is no vaccine or treatment for BSE.

BSE was first discovered in 1986 in Great Britain and,
to date, over 95 percent of all BSE cases have occurred
in the United Kingdom (UK). However, while there
has been a decline in the number of newly identified
cases of BSE in the UK due to recent prevention and
control efforts, cases have been confirmed in other
European countries with new cases discovered in
Austria, Finland, and Slovenia in 2001. No cases of
BSE have been confirmed in the United States in over
a decade of active surveillance. There have, however,
been two confirmed cases in Canada. 

In 1996, government officials in Great Britain
announced that there was a possible link between BSE
in cattle and a variant of Creutzfeldt-Jakob Disease in
humans (vCJD). BSE in cattle and vCJD in humans
belong to the family of diseases known as the transmis-
sible spongiform encephalopathies (TSE), which cause
the brain to have a spongelike appearance when exam-
ined under a microscope. vCJD is rare, invariably fatal,
and characterized by progressive deterioration of brain
tissue. The precise link between BSE and vCJD is
unknown. However, many scientists now believe that
humans contract vCJD by ingesting the causative agent,
thought to be a prion or abnormal protein, in products
made from brain, spinal cord, and some other organs
from BSE-infected cattle (Lorains et al., 2001). In par-
ticular, epidemiological data suggest that BSE may
have originally been caused by feeding cattle meat and
bone meal made from sheep infected with a mutant

form of scrapie or from feeding cattle protein contami-
nated with a previously unidentified TSE. Changes 
in rendering practices in the early 1980s may have
enhanced the causative agent’s survival in meat and
bone meal, resulting in the recycling of infected cattle
back to cattle. This increased the size of the epidemic.
BSE is transmitted through contaminated feed and
maternally. There is no evidence that BSE spreads
through contact between unrelated adult cattle (e.g.,
within a herd) or from cattle to other species by 
contact. 

Currently, tests cannot detect BSE in living cattle or
vCJD in living humans. Microscopic postmortem
examination of brain tissue and tests for prion protein
are the primary laboratory methods used to confirm a
diagnosis. As of September 2, 2002, vCJD had caused
115 deaths in the UK (UK Dept. of Health, 2002), and
there have been some deaths outside of the UK (e.g.,
in France and the Republic of Ireland). No cases of
vCJD have been detected in the United States except
for one individual who had lived in the UK.

BSE has had a substantial impact on the UK’s live-
stock industry and has altered international trade pat-
terns. As of May 30, 2003, 180,078 head of cattle on
35,796 farms had been diagnosed with BSE in Great
Britain. These animals, herdmates, and progeny, total-
ing over 5 million head, were destroyed. Even though
there have been no confirmed cases of BSE or vCJD
in the United States, the threat of BSE has increased
consumer concerns about food safety and has caused
the United States to impose international trade
restrictions and to increase expenditures for BSE sur-
veillance and other measures in order to protect ani-
mal and human health.

Source: Adapted from Buzby and Detwiler, 2001.

Box 4.2—Bovine Spongiform Encephalopathy (BSE) and Variant Creutzfeldt-Jakob 
Disease (vCJD)



exports expanded between 1989 and 1996. Austria,
Finland, and Sweden joined the EU in 1996, account-
ing for part of this increase (i.e., membership was 12
countries during 1988-1995 and 15 countries during
1996-2001).

The 1988 BSE outbreak also affected UK beef exports,
but not as much as exports of live cattle. By early
1991, many countries had imposed bans on imports of
UK beef, and other countries had placed stringent cer-
tification requirements on beef imported from the UK
(e.g., Cyprus and Hong Kong).4 One beef sub-
category, UK exports of bone-in beef to other EU
countries, showed a significant decline between 1990

and 1991, but then quickly recovered in later years,
surpassing its pre-1988 levels.5 UK exports of bone-
less beef also declined in the first few years after the
1988 outbreak, but had fully recovered by 1995. 

The 1988 outbreak had little long-term effect on total
volume of EU beef exports. While the volume of EU
exports increased by 5 percent between 1988 and
1990, the value of these EU beef exports declined by
almost 37 percent with most of the decline between
1988 and 1989, suggesting a downward shift in
demand (table 4.4).

The 1996 Episode: A Switch to 
Human Concerns

The 1996 BSE episode began with the discovery of
BSE-infected cattle in EU countries outside the UK
(France, Ireland, and Portugal) and a March 1996
announcement of a potential link between vCJD and
eating BSE-infected meat. By 1996, 13 vCJD cases
had been reported in the UK. Media reports high-
lighted the slow, agonizing death suffered by vCJD
patients as well as a perceived inability of UK and EU
authorities to understand and control the spread of
BSE and vCJD. Although, the number of newly con-
firmed BSE cases in the UK in 1996 was almost half
of those discovered in the previous year (DEFRA,
2002), long incubation periods for BSE and vCJD
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Table 4.3—Number of reported cases of BSE in
cattle in the United Kingdom1 and worldwide2

Country Reported cases

United Kingdom 180,078
Ireland 1,274
France 829
Portugal 787
Switzerland 432
Spain 302
Germany 253
Belgium 113
Italy 88
Netherlands 60
Denmark 13
Slovakia 12
Japan 7
Czech Republic 5
Poland 5
Slovenia 3
Canada 2
Liechtenstein   2
Luxembourg 2
Austria 1
Finland 1
Greece 1
Israel 1

1 Source: May 30, 2003, data from Department for Environment,
Food and Rural Affairs (DEFRA)(2001), www.defra.gov.uk/
animalh/bse/bse-statistics/bse/general.html accessed July 23, 2003.
2 Source: Feb. 21, 2003, data from the Office International des
Epizooties (OIE) website. See original table on OIE website for
details and caveats about cases by year of confirmation:
www.oie.int/eng/info/en_esbmonde.htm

4 Countries that imposed bans include Algeria, Bahrain, Brazil,
Canada, China, Egypt, Iran, Iraq, Jordan, Morocco, Saudi Arabia,
Syria, Tunisia, Turkey, United Arab Emirates, and Russia. 5 The UK was never a large exporter of bone-in beef in any case.

Figure 4.1

Confirmed cases of BSE in the United Kingdom
by year of clinical onset peaked in 1993
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caused concerns about how high human and animal ill-
ness tallies would reach.

Evidence of a link to vCJD quickly turned BSE from
an animal health issue to a food safety issue. The EU
temporarily banned all UK beef exports to other EU
countries and the rest of the world. Additionally, most
countries imposed a total ban on imports of beef and
live cattle from the UK, and several countries also
imposed either a ban on beef or live cattle from the
EU or a ban on imports from those European regions
where BSE was discovered. Between 1995 and 1997,
UK exports of beef to non-EU countries dropped by
99 percent and exports to EU countries dropped by 97
percent. UK exports of live cattle, already at very low
levels as a result of the 1988 episode, fell to zero. 

Outside the UK, there were fears that the 1996 BSE
episode would affect total EU and world beef con-
sumption and trade for years, if not permanently. A
series of media reports predicted that the sudden drop
in beef consumption in some EU member states
(sometimes by as much as 20 percent) would last for a
long time and would quickly spread to other countries

and regions outside the EU. Several international con-
sumer, environment, and health advocacy groups
implied that BSE in the EU was a sign of a large,
worldwide epidemic and recommended eating other
meats besides beef or switching to a more vegetarian
diet.6 There were fears that BSE could eventually spell
the demise of the entire beef market.7

In retrospect, these fears were exaggerated. Total EU
exports of beef barely declined in the first couple of
years after the second episode (1996-1997) and sales
from the world’s major beef exporters either remained
stable or increased over this time.8 Not until 1998 did
EU beef exports decline considerably, about 30 per-
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Table 4.4—EU (excluding intra-trade) and UK (extra-EU) exports of live cattle and beef, 1988-2000

Live cattle Beef

EU1 UK EU1 UK EU1 UK

— Head — — Metric tons — — Million US$ —

1988 60,627 315 615,360 27,475 1,945.4 75.6

1989 61,187 249 851,240 26,554 1,340.1 66.6

1990 68,212 66 647,059 16,457 1,230.9 33.4

1991 161,879 41 1,026,691 24,159 1,382.4 49.0

1992 169,447 82 972,385 19,789 1,472.8 50.2

1993 286,542 16 829,198 34,490 1,229.3 69.0

1994 295,830 31 784,609 45,931 1,259.0 85.0

1995 387,787 33 730,159 50,395 1,171.7 93.3

1996 501,828 0 727,848 12,535 1,167.9 23.2

1997 287,119 0 740,465 401 1,132.6 0.0

1998 266,225 0 521,789 151 888.3 0.0

1999 330,758 —2 694,054 165 1,018.1 0.0

2000 306,982 3 433,282 181 585.2 0.0

Nov-00 25,575 0 38,841 42 60.6 0.0

Dec-00 13,356 0 27,275 26 40.6 0.0

Jan-01 12,205 0 26,850 4 34.5 0.0

Feb-01 6,377 0 34,786 13 38.3 0.0
1 Austria, Finland, and Sweden joined the EU in 1996. Therefore, data represent EU-12 during 1988-95 and EU-15 during 1996-2000.
2 Number not confirmed.

Source: Eurostat and H.M. Customs and Excise.

6 Examples include: (1) “Worldwide Meat Trade Might Have Spread
Disease,” International Herald Tribune, Dec. 23, 2000; (2) NOVA
television program, “The Brain Eater,” Aug. 17, 1999; (3) MSNBC
report “Where’s the Beef,” March 23, 2001; and (4) E-The
Environment Magazine, “The Case Against Meat,” Jan./Feb. 2002.
7 “Worldwide Meat Trade Might Have Spread Disease,”
International Herald Tribune, Dec. 23, 2000.
8 World exports of beef and pork increased steadily between 1992
and 2000 (USDA, Sept. 2001).



cent, but that decline was due more to a downturn in
the Russian economy than to any long-term decline in
world import demand. In fact, world beef imports
remained steady between 1995 and 2000. After 1998,
as the Russian economy started improving, so did EU
beef exports, increasing 33 percent between 1998 and
1999. The 1999 depreciation of the Euro also made
EU export refunds less expensive and EU beef exports
more attractive.9 Although BSE spread to other coun-
tries both within and outside the EU from 1996 to
1999, the outbreaks were usually limited to one or two
cases at a time and did not cause a worldwide panic
until later in 2002, when new cases were identified in
Japan and Israel.

Several reasons account for why the 1996 BSE
episode had a much smaller and shorter-term effect on
import demand and exports than some had predicted:

(1) Predictions of a large, permanent switch from
beef consumption to consumption of other
meats or a more vegetarian diet as a result of
BSE were exaggerated.10 While EU con-
sumers are consuming more pork and poultry
and less beef per capita over time, this trend is
a gradual one. The source of this long-term
trend is likely caused by long-term changes in
the eating habits and demographics of EU
consumers, and not driven primarily by food
safety issues such as BSE and growth hor-
mones (EC, 1997; EC, 1998). However, short-
term changes in EU meat consumption may be
caused by information about BSE and its asso-
ciated risks described in the press (Verbeke et
al., 2000; Verbeke and Ward, 2001). 

(2) After the 1996 episode, the UK adopted an
extensive set of programs to ensure that cattle
used for beef production were BSE-free.
These actions included the Over Thirty Month
Cattle Slaughter Rule, which as the name
implies, mandated that all cattle over 30

months of age be destroyed (BSE is not
believed to affect cattle below this age) and a
ban of all meat and bone meal (thought to be a
carrier of BSE) in cattle feed. These actions
led to fewer BSE cases in the UK from 1996
to 2001 (fig. 4.1). Many EU countries also
adopted similar initiatives.

(3) During 1996-99, both EU beef consumption
and production were below pre-BSE levels,
leaving export quantities virtually unchanged.
This helped stabilize the EU beef market.

(4) Prices for cattle and beef from the UK and the
EU also declined, implying a downward shift
in demand in response to risks associated with
beef consumption. These price declines helped
move products in markets that might otherwise
have shown decreases in quantities traded (fig.
4.2 and table 4.4).

The 2000 Episode: A Widening
Epidemic

The October 2000 BSE episode occurred just as EU 
initiatives to bring stability to the domestic beef market
had started to be effective. Like the 1996 episode, the
2000 BSE episode was prompted by the discovery of
more BSE cases in European countries outside the
UK.11 Also of importance, the first vCJD cases were
discovered outside the UK in France and received a lot
of media attention. The discovery of BSE in countries
outside the UK was in part due to increased postmortem
testing of cattle. By 2001, every EU country had
reported at least one case of BSE.

The trade effects from the October 2000 BSE episode
were felt immediately. EU beef exports dropped 30
percent between November and December 2000, while
remaining UK beef exports fell by almost 40 percent
(table 4.4). Despite this being the third BSE episode in
the EU, EU beef exports appear to have quickly recov-
ered in the following months. Between January and
February 2001, EU beef exports had risen almost to
their pre-December 2000 levels. Even UK beef exports
showed some signs of recovering during this period,
although they were nowhere near their pre-BSE levels.
The drop in EU exports during December 2000 did not
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9 The declining value of the Euro against many currencies reduced
the export subsidy (difference between the world price and EU
intervention price for beef) to practically nothing. This allowed the
EU to export beef without fear of violating their WTO commit-
ments on export subsidies.
10 Adda (forthcoming) analyzed panel data from 2,798 French
households before and after the March 1996 announcement linking
BSE to vCJD (between Jan. 1, 1995, and June 24, 1996) and found
no evidence of participants’ becoming vegetarian, although house-
holds did reduce their expenditures on beef and switched to other
animal protein substitutes.

11 In 1996, Portugal reported 31 BSE cases, France reported 12
cases, and Ireland reported 74 cases of BSE. In 2000, Portugal
reported 150 cases, France 162 cases, and Ireland 149 cases.



cause a drop in world beef exports, as exports from the
United States and Australia made up the difference.
Measures added by the EU in January 2001 to ensure
the safety of the beef supply may have helped dampen
the impact of this crisis. For example, the Over Thirty
Month Cattle Slaughter Rule was extended to other
EU members and a ban was imposed on all animal
feed (not just cattle feed) containing meat and bone
meal. USDA’s Economic Research Service (ERS) esti-
mates that this EU ban on meat and bone meal feeding
will cause the EU to import an additional 1.5 million
tons of soymeal per year to replace meat and bone
meal in livestock feed rations (USDA, 2002). 

In February 2001, a major FMD epidemic broke out in
the UK and spread to other EU countries, affecting EU
trade of cattle, swine, and sheep and their products
(Buzby et al., 2001; Mathews and Buzby, 2001).
Because FMD is infectious through live animals and
their products and countries typically stop exporting
these products when FMD is confirmed, this FMD
outbreak led to temporary market closures, affecting
world exports and imports of these products (FAS,
Oct. 2001). By the following month, EU beef exports
had fallen by more than 80 percent due to FMD, a
larger decline than during any of the three BSE crises.

Conclusions From the BSE Case Study

Although UK exports of live cattle and beef plum-
meted to nearly zero as a result of the three BSE crises
and have not yet recovered, the total volume of EU

exports has been much less affected to date. Also, for a
brief period of time after each BSE episode, domestic
consumption in the EU declined sharply but then grad-
ually increased to resume its long-term, downward
trend (fig. 4.3). This longer-term trend in beef con-
sumption began before the first BSE crisis. In essence,
the effects of BSE on EU beef consumption and trade
volumes were short-lived. Both the official USDA and
European Commission forecasts predict a similar pat-
tern for the future, estimating that long-term patterns
in beef consumption and trade volumes for the next 6
to 8 years will not be greatly affected by BSE (see box
4.3) (EC, 1998; USDA, 2002). 

EU beef prices, however, did not recover following the
three episodes, suggesting a downward shift in
demand for beef and severely affecting trade values. A
number of studies provide additional evidence that
consumer demand in the UK and EU has shifted
downward due to BSE (Burton and Young, 1996;
Verbeke, et al., 2000; Lloyd, et al., 2001; Verbeke and
Ward, 2001; Henson and Mazzocchi, 2002). The 3-
year average value of EU beef exports fell by 45 per-
cent between 1988-90 and 1998-2000, largely because
of the decline in prices (figs. 4.2 and 4.3).12 Other fac-
tors also affected prices, including changes in EU
country currencies associated with adoption of the
Euro (Bowles, 2003). Jin and Koo (2003) found evi-
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Figure 4.2

Nominal EU beef prices and consumption,  
1991-2000
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dence for changes in consumer demand for beef in
Japan, which they attributed to BSE, despite account-
ing for other factors, such as changes in importing
countries’ real income levels, third-country effects, and
exchange rates.

Although some developed countries are changing their
consumption patterns away from red meat (such as the
United States and EU), world beef exports have
increased during the past 12 years, largely due to mid-
dle-income countries’ increasing their beef consump-
tion (Regmi et al., 2001). This worldwide increased
demand for beef along with price declines in the EU,
indicative of a downward shift in demand in the EU,
have moderated the decline in total EU beef export
quantities. In general, fears of eating UK beef because
it might be tainted with BSE have not spread to fears
of eating beef from the EU. This is partly due to new

EU efforts such as slaughtering schemes and feed
restrictions that help assure consumers that the EU
beef supply is free of BSE contamination. Nor have
fears of eating UK beef spread to consumption of
other livestock species.

BSE has caused countries to impose numerous addi-
tional safeguards to protect animal and human health.
In addition to the Over Thirty Month Cattle Slaughter
Rule and EU bans of meat and bone meal in all animal
feed, BSE-related safeguards to protect animal and
human health include surveillance systems, new regu-
lations for domestic production, and international trade
restrictions. Countries that do not have endemic BSE
(the United States, for example) have also imposed
regulations, import restrictions, and other measures to
prevent the disease from crossing their borders and to
mitigate its impact if it should be found. For example,
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Some distinctions should be made regarding con-
sumption and demand. First, consumption and
demand are not the same. For a commodity, con-
sumption is production plus imports minus exports
and net of changes in storage stocks. For example, all
the beef that is produced and imported will be con-
sumed (or exported or wasted) at some price. Beef
production is generally stable due to cattle cycles and
long production lags except for all but the most dras-
tic changes in cattle inventories like the 30-month
cull for BSE or the 2001 depopulation of livestock in
the UK due to foot-and-mouth disease. If consump-
tion remains relatively constant or continues on a
downward trend, as beef consumption appears to
have done in the UK, a quick glance at prices may
give some indication about what is happening to
demand. Demand is an economic term representing
the quantity removed from the market for each price.
Demand is affected by income, prices of substitute
and complementary products, and other factors. 

Recent studies have argued that while EU beef con-
sumption may have recovered (Q below), beef
demand has not (Thompson and Tallard, 2003).
Significantly lower prices (e.g., a move from P1 to P2
in the figure below) for relatively similar quantities of
beef consumption (Q in the figure below) indicate a
downward shift in demand in the UK (Lloyd et al.,
2001; Atkinson, 1999) (move from D1 to D2 in the
figure). Earlier, Burton and Young (1996) attributed a

“long-term” loss in UK beef’s market share of 4.5
percent to the first BSE outbreak. Prices have not
recovered relative to consumption. Whether the same
demand shifts are observed for the EU has not yet
been demonstrated in the literature. 

Most economic forecasts do not predict any long-
term trade or consumption effects from the BSE
crises in the EU. However, these forecasts are based
on the assumption that EU beef consumption has
fully recovered or is fast approaching its long-term
trend. If beef consumption is still short of what
demand would have been in the absence of BSE, it
would indicate that studies have underestimated the
effects of BSE on demand and, consequently, trade
that is, trade effects from BSE would be larger if
demand were taken into account. More research
needs to be completed on this topic.

Box 4.3—Consumption Versus Demand

P1

P2
D1

Q

D2



as a result of BSE, the United States enacted a regula-
tion prohibiting meat and bone meal in all ruminant
feed. In addition to policy changes in response to BSE,
markets have also changed. For example, U.S. beef
exports to Japan have not yet recovered from Japanese
consumers’ responses to their domestic BSE outbreak.

In turn, as safety standards are raised worldwide, mar-
ket access for some exports from both endemic and
nonendemic countries has been affected. For example,
EU regulations related to BSE are preventing the
importation of U.S. gelatin into the EU until all U.S.
production and inspection systems and measures are
found to be equivalent to those in the EU (see chapter
3). This is occurring even though the U.S. has not had
any cases of BSE.

In addition to gelatin, feed, livestock, and beef, BSE has
affected many other sectors, including the rendering
industry and cosmetic, medical, and pharmaceutical sec-
tors. The indirect effects on so many other sectors occur
because bovine byproducts and rendered products are
commonly used as intermediate inputs in many products.
Consequently, trade restrictions affect many sectors.
Some of these restrictions are not supported by science.
For example, many countries suspended imports of
European dairy products following the 1996 BSE crisis
and then later rescinded these bans when the World
Health Organization and the International Office of
Epizootics for animal and human health measures reaf-
firmed that existing scientific data did not identify these
products as BSE vectors (see chapter 3). 

Policy changes associated with BSE have resulted in
significant disruptions to international trade. As dis-
cussed in chapter 3 of this report, the number of com-
plaints (or counter notifications) to the World Trade
Organization related to the regulation of transmissible
spongiform encephalopathies, which include BSE,
account for nearly half of all counter notifications
related to food safety regulations since 1995.

Case Study 2: 
Salmonella and International

Meat Trade

Unlike vCJD, which has claimed relatively few lives
worldwide (115 in the UK as of Sept. 2, 2002, accord-
ing to the UK Dept. of Health), foodborne pathogens
cause an estimated 5,000 deaths annually in the United
States alone, out of an estimated 76 million foodborne

illnesses (Mead et al., 1999). Foodborne pathogens
affect international trade through standards and regula-
tions adopted by countries and sporadic bans on ship-
ments of specific items. 

In addition to other measures described later in this
chapter, countries commonly use import bans to reduce
food safety risks. Because the term “ban” is used in
many ways, we make a distinction between bans and
standards in this chapter. We use “standards” to refer to
laws, rules, or regulations that establish the food safety
standard for a country and that remain in place over
time. An example of a standard is the requirement by
some countries that all imported poultry must be cooked
or canned. We use “bans” to refer to short-term or spo-
radic responses by a country to infractions of their stan-
dards; bans usually apply to specific shipments for
specified periods. An example of a ban is the denial of
access to a country of a specific shipment of poultry that
tested positive for Salmonella contamination at the port
of entry. Here, “bans” may also apply to narrow groups,
a company for example.

World poultry trade for the 5 years ending in 2002
amounted to about 11-12 percent of world poultry
production.13 With meat and poultry consumption
expected to increase in future years (CAST, 1999),
this export share of world production will likely
increase despite the divergent sanitary and phytosan-
itary (SPS) standards across countries and despite
the likelihood that increased poultry exports will
come from the few countries (Brazil, Canada, China,
EU, Hungary, Thailand, and the United States)
already exporting 80 percent of poultry and poultry
products. The variety in SPS standards that import-
ing countries impose on exporting countries has con-
tributed to the number of disputes raised to the WTO
SPS Committee (Orden et al., 2002). Complaints ref-
erencing poultry products accounted for 8 percent of
total cross notifications raised within the first 5 years
of the SPS Committee’s authority (Orden et al.,
2002). These disputes can disrupt trade. 

While several types of pathogens have been identified in
animal product imports and have resulted in trade inter-
ventions (e.g., E. coli O157:H7 and Campylobacter),
Salmonella appears to be the most contentious in terms
of trade disputes. For example, Salmonella is the only
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13 USDA, Agriculture Outlook Statistical Tables, table 23,
www.ers.usda.gov/publications/Agoutlook/AOTables/, as accessed
on April 17, 2003.



pathogen mentioned by name as a trade concern in
poultry import requirements imposed by many coun-
tries. Therefore, this second case study focuses on
Salmonella and its implications for food safety and
international trade. 

Each year in the United States alone, nontyphoidal
Salmonella causes an estimated 1.3 million cases of
foodborne illness, 15,608 associated hospitalizations,
and 553 deaths (Mead et al., 1999).14 The proportion
of illnesses attributed to Salmonella-contaminated
meat and poultry is unknown. More severe cases of
salmonellosis tend to occur in the very old, the very
young, and the immunocompromised. Human illness
from foodborne Salmonella has a higher infection rate
than vCJD but a lower fatality rate. Salmonella-related
food safety issues are important to international trade
for several reasons:

(1) Salmonella contamination occurs in a wide
range of internationally traded animal and
plant products, including poultry, eggs, beef,
pork, dairy products, seafood, and fruits and
vegetables.

(2) Salmonella is a common cause of foodborne
illness worldwide and the second leading bac-
terial cause of foodborne illnesses in the
United States, following Campylobacter. 

(3) Salmonella is the leading cause of death attrib-
uted to known foodborne illnesses in the
United States (Mead et al., 1999). 

(4) Many countries impose Salmonella restrictions
that limit trade in meat and poultry products.

(5) Such restrictions are sometimes inconsistent
with domestic standards or are applied more
strictly on imports.

(6) Some national standards are based on zero—or
near zero—tolerances, levels that are difficult to
achieve. These standards and restrictions are
inconsistent between countries and lack a
widely accepted scientific foundation. 

(7) Countries vary in their commitments and
resources allocated to reducing Salmonella at

the various production, slaughter, and process-
ing stages, which have spillover effects to trade.
Salmonella is very difficult to control, although
some countries, particularly Scandinavian coun-
tries, have invested large amounts of resources
to minimize this pathogen in hog operations
(Hayes et al., 1999) and in poultry (e.g., see
Molbak et al., 1999, for Denmark). Developing
countries have fewer resources to devote to
reducing Salmonella in food production to meet
strict tolerances. Additionally, countries may
have reduced incentives to devote more
resources to Salmonella reduction if other dis-
ease problems prevent them from exporting in
international markets, such as endemic
International Office of Epizootics (OIE) List A
diseases (diseases with potential for rapid
spread and serious socioeconomic conse-
quences) (Seitzinger, 2002).

The primary issue in this case study concerns the
range of importing countries’ tolerance standards for
Salmonella contamination in poultry. Because of data
limitations, the Salmonella case study describes the
pathology of the disease and the trade restrictions
imposed by various countries. 

Concerns About a Range of Tolerance 
Standards for Salmonella

The WTO Agreement on the Application of Sanitary
and Phytosanitary Measures in April 1994 (see chapter
3) gives each WTO member the right to determine its
own level of SPS protection. Countries impose differ-
ent standards and regulations to handle the risks of
pathogen contamination from processing and other
stages of production. For example, U.S. producers
commonly add chlorine to the cold water bath to
reduce pathogen levels in poultry while some countries
do not allow chlorine to be used for domestic or
imported poultry. Countries’ trade restrictions for
Salmonella in poultry vary by type of restriction (by
specific products or processing methods), extent
(inspections of slaughter facilities, production prac-
tices), and duration of the trade interruption. For
example, some countries require certification of
slaughtering and processing facilities while others rely
on exporters’ domestic inspection systems. These
diverse national standards make compliance challeng-
ing for exporters, particularly if the standards have
zero or near-zero tolerances for Salmonella. 
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14 Salmonellas are divided into two groups in the human health lit-
erature, typhoidal and non-typhoidal. Typhoidal Salmonella causes
typhoid fever, a disease associated with contaminated water and
poor sanitation, while other salmonellas cause foodborne illnesses.
There is also a group of salmonellas that causes diseases in birds
or animals, but not in humans.



Two main concerns arise when countries impose near-
zero or zero tolerances for Salmonella contamination in
imported meat products, especially poultry. First, a zero
risk may not be feasible from either a policy or pro-
ducer standpoint. In the case of Salmonella, a zero-risk
policy may keep out all imports. Some scientists believe
that Salmonella is ubiquitous in the environment and
that continuous testing will find it, particularly with
increased precision of diagnostic tools. Second, for
most risks, the cost to achieve further risk reductions
increases as the risk level approaches zero. Costs of
preparing poultry products to meet zero-tolerance
import standards of some countries would be in addition
to costs incurred from the implementation of Hazard
Analysis and Critical Control Point (HACCP) measures
required of U.S. federally inspected meat and poultry
processors and slaughterhouses (USDA, July 25,
1996).15 As part of HACCP, USDA’s Food Safety and
Inspection Service (FSIS) tests raw meat and poultry
products for Salmonella. 

The range of standards can be seen in FSIS library of
countries’ export requirements. Table 4.5 presents data
on Salmonella-related requirements for the top 10
importers of U.S. broilers.16 Russia and Estonia cur-
rently require Salmonella testing of certain imports
and have low- or zero-tolerance policies, and Japan
explicitly reserves the right to test for Salmonella.

Although only 3 countries covered in table 4.5 have
Salmonella-specific requirements, other countries
have regulations that indirectly deal with Salmonella
and other foodborne pathogens. For example, some
countries reserve the right to subject imports to gen-
eral microbial testing, which would likely include
testing for Salmonella and which would lead to the
rejection of shipments that test positive for

Salmonella. Chile was also included in the table as it
provides an example of a different standard. Chile
effectively imposes a zero-tolerance regulation for
imports by declaring that fresh/frozen (raw) poultry
is not eligible for importation; only fully cooked or
canned poultry products are eligible (FAS, 2002). As
proper cooking and canning kills Salmonella, this
regulation means that the allowed imports are
Salmonella-free. Bilateral consultations between the
United States and Chile on Salmonella began as
early as 1992. Historically, the United States has
been concerned that Chile holds poultry imports and
its domestic poultry to different Salmonella stan-
dards and that Chile has not substantiated the claim
that Salmonella is more prevalent in imports from
the United States than in Chilean poultry stocks
(WTO, 2001). 

In addition to Chile, four other countries (the Czech
Republic, El Salvador, Honduras, and Slovakia)
applied zero-tolerance standards for Salmonella in
1996, according to the WTO (2001). Like the U.S.
response to Chile, the U.S. response to these four
countries in October 1996 was that this standard 
was discriminatory because these countries did not
have eradication and surveillance systems capable 
of reaching this high standard in domestic products,
yet expected imports to follow this standard (WTO,
2001). Negotiations between the United States 
and these five countries on Salmonella standards
continues.

There are several examples where U.S. poultry exports
to Russia, the Ukraine, and other countries have been
periodically interrupted when Salmonella contamina-
tion was found in shipments or suspected in imported
meat or poultry products. In 1995, Russia was the
leading importer of U.S. poultry meat, importing about
1.6 billion pounds of broiler and turkey meat valued at
almost $600 million (not including indirect shipments
through Baltic countries). Requests to certify the
absence of Salmonella was a key issue of contention in
1995-96, when Russia threatened to embargo U.S.
poultry meat exports. The Russian position on this
threatened embargo was based on the claim that U.S.
poultry products did not meet the health requirements
set forth in a 1993 bilateral agreement regarding
Salmonella standards. This claim was partly based on
some legitimate concerns (e.g., a spoiled shipment of
frozen U.S. poultry meat in June 1995). The threat of
this ban prompted Tyson Foods Inc., the largest U.S.
poultry producer, to announce plans to scale back pro-
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15 HACCP systems identify potential sources of pathogen contami-
nation and establish procedures to prevent contamination and their
transmission to humans through food. HACCP plans generally fol-
low seven steps: conduct a hazard analysis; identify critical control
points (CCP) for physical, biological, and chemical hazards; estab-
lish critical limits for preventive measures associated with each
CCP; establish CCP monitoring requirements; determine and per-
form corrective actions; establish recordkeeping systems; and con-
duct verification procedures.
16 Note that the U.S. imports very little poultry (table 4.1). The top
poultry exporters are the U.S. (2,825,000 mt) Brazil (947,000 mt),
Hong Kong (791,000 mt), France  (416,000 mt), China (410,000
mt), and Thailand (323,000 mt) (FAS, March 2001). Note that
countries may also be transhipment points for international trade
(e.g., Hong Kong). 
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Table 4.5—Import requirements for poultry and quantities for the top 10 importers of U.S. broilers and for Chile 

Importing Products eligible for import from the U.S.1 Salmonella-specific Imports from US2

country regulations/requirements1

Mil. pounds

Hong Kong Fresh/frozen poultry and poultry products Products may be subjected to laboratory 1,291
examination for microbiological contamination 
and positive-testing shipments refused entry

Russia Poultry and poultry products, excluding Negative Salmonella test results must be presented 986
consumer-size packages of ground poultry, to FSIS veterinarian before export certification can 
mechanically deboned poultry, and giblets be issued; consignments are ineligible if there are 

more than 1 (in 5 minimum) positive samples

Latvia Poultry and poultry products, except No separate Salmonella-specific requirements 500
mechanically separated and ground products; 
must be certified as not having been fed material 
originating from sheep 

Mexico Fresh/frozen poultry and poultry products No separate Salmonella-specific requirements 325

Japan All domestic poultry, except duckling giblets, Japanese Ministry of Health reserves the right to 224
coloring agents in raw products, and poultry test shipments of ground and mechanically deboned 
and poultry products from or passing through poultry for Salmonella and to reject positive-testing 
Pennsylvania shipments

China Fresh/frozen poultry products No separate Salmonella-specific requirements 163

Canada Federally inspected poultry and poultry No separate Salmonella-specific requirements 157
products, except carcasses, parts, or mechanically 
separated poultry parts containing kidneys or sex 
organs

Korea Poultry and poultry products, except those No separate Salmonella-specific requirements 131
imported into the U.S. from a third country

Estonia Poultry and poultry products Mechanically deboned poultry product is tested 247
for Salmonella at the port of entry; positive-testing 
shipments will be denied entry

Poland Fresh/frozen poultry and poultry products and No separate Salmonella-specific requirements 98
poultry trimmings, except frozen ground and 
mechanically deboned poultry

Chile Fully cooked and canned products Cooking and canning requirement effectively means --3

no Salmonella
1 FSIS, 2002.
2 Economic Research Service, 2002. Average for 1999-2000. 
3 Not listed separately.



duction by over 5 percent (Associated Press, March
18, 1996). High-level negotiations ensued and trade
was resumed. 

Later in 2002, there was a short-lived Russian ban on
U.S. poultry meat exports as Russia cited Salmonella
and antibiotic use in poultry production. Partly as a
result of this 2002 ban, poultry exports from the
United States for 2002 dropped by 13 percent, and
U.S. poultry exports to Russia dropped by 35 percent.
Orden et al. (2002, p. 162), reporting results from a
spatial equilibrium model, suggested that an imposi-
tion of sanitary restrictions by Russia on U.S. imports
of low-value poultry products would be mitigated
because there are sufficient arbitrage possibilities in
world markets—as long as the restriction is not
imposed on other exporters. However, the restriction
was imposed on countries other than the United States
(e.g., the Netherlands) and there were real impacts on
prices for U.S. poultry exporters.

Similarly, poultry trade between other pairs of coun-
tries has been interrupted by real or perceived
Salmonella contamination. For example, in September
1999, McDonald’s temporarily suspended poultry sales
in Lithuania after Lithuania banned a Polish com-
pany’s delivery of 1.5 tons of cooked products contam-
inated with Salmonella (Reuters, Sept. 2, 1999). 

The United States also has restrictions on poultry meat
imports, largely to keep certain animal and/or human
diseases out of the country. For example, imports are
restricted from regions where Exotic Newcastle
Disease is known to exist. In fact, currently only four
countries (Canada, Great Britain, France, and Israel)
are permitted to export fresh, frozen, and chilled poul-
try to the United States, although some plants in north-
ern Mexico may also re-export poultry meat of U.S.
origin back to the United States after minimal process-
ing (see chapter 3). As a major poultry producer, how-
ever, the United States does not and would not be
likely to import significant quantities of poultry in the
absence of these restrictions (table 4.1).

Responses to breaches in countries’ Salmonella stan-
dards have taken the form of temporary bans with
corrective action or refusals of specific contaminated
shipments of products. Vertical integration in the
U.S. poultry industry protects producers from some
risks, but the importance of poultry exports com-
bined with the possibility of new or extensive
Salmonella-related embargoes, bans, or new zero- or

low-tolerance standards poses financial risks for
many integrated producers.17

Conclusions From the Salmonella
Case Study

Many countries have trade restrictions for Salmonella
and these restrictions vary widely by type (specific prod-
ucts or processing methods), extent (inspections of
slaughter facilities, production practices), and duration.
Some countries have zero- or low-tolerance standards for
Salmonella in imported poultry while others reserve the
right to test for Salmonella or permit imports of cooked
or canned products only, which in practice implies a
zero-tolerance standard for Salmonella. These standards
affect international trade in livestock products and could
also affect the choice of production technologies used in
exporting countries. For example, an exporter may
choose not to trade with a country having a zero-toler-
ance standard if the net gains to trade do not cover the
costs of meeting the standard. Despite the permanent
standards for Salmonella, trade interruptions due to
Salmonella are mostly shortlived bans against specific
products or rejections of specific contaminated ship-
ments. Some countries’ import standards are inconsistent
with their domestic standards; to avoid running afoul of
WTO regulations, such differences need to be based on
science or legitimate differences in risk preferences, oth-
erwise they might face allegations that they are being
used as trade barriers. Further research is needed to
determine whether world poultry trade would be higher
if countries were to harmonize around lower standards or
vice versa. Also, further research is needed to increase
our understanding of the size of food safety diversions
relative to total world poultry trade.

Case Study 3: 
Concerns about the Potential
Trade Impacts from Antibiotic-

Resistant Salmonella

Another dimension of the potential trade impacts from
pathogen-food safety issues, and the focus of this third
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17 The U.S. poultry industry is very different from the U.S. beef
industry. Although both poultry and beef production are moving
toward fewer and larger producers, poultry operations are currently
more integrated, while beef operations remain dispersed among a
greater number of smaller independent operations. One cost-reduc-
ing benefit of low-level antimicrobial drug feeding is the ability to
have greater numbers of livestock at one facility.



case study, is the capacity of many foodborne
pathogens, including Salmonella, to develop resistance
to antimicrobial drugs. This case study discusses three
elements of this issue and trade implications: (1) the
increasing drug resistance observed in Salmonella, (2)
the controversy over the extent to which antibiotic
drug use in livestock production contributes to the
development of drug-resistant pathogens, and (3) the
potential for food contamination with drug residues.

Increasing Drug Resistance

Drug use in livestock is implicated in antimicrobial
resistance in humans because many antimicrobial drugs
used for livestock are the same as or similar to drugs
used for humans. Some pathogens can pass from live-
stock to humans, either directly through contact
(Feinman, 1979; Fey et al., 2000; Holmberg et al.,
1984) or through food products that are improperly
processed, handled, or prepared. Some foodborne ill-
nesses in humans caused by resistant pathogens have
been traced to livestock products (Gashe and
Mpuchane, 2000; USDA, 1997; White et al., 2001) and
have been linked to live animals on farms (Feinman,
1979; Holmberg et al., 1984; Molbak et al., 1999). 

In livestock trade, the importing country not only sets
product standards (e.g., the zero tolerances for
Salmonella), they may also set process standards (e.g.,
the EU hormone ban) (FAS, 2003). They may also
require government verification of the standard which
can lead to a virtual ban in two ways—the cost of verifi-
cation is prohibitive (e.g., hormones), or the government
is unable to provide the desired verification and certifi-
cation (FAS, 2003). While not now directly a trade
issue, drug use by livestock could become more of an
international trade issue if prohibitions against domestic
production technologies in importing countries were
expanded to more fully cover imports. For example,
Russia and the Ukraine both periodically threaten or
impose temporary prohibitions on imports of U.S. poul-
try products based on drugs or chemicals used in pro-
duction (e.g., Reuters, Jan. 23, 2002). These
prohibitions could mean that exporters who use the
implicated antibiotics in animal production would have
to sell their products to other countries (perhaps at
lower prices), incur higher transportation costs, or
destroy contaminated shipments altogether. Data are not
readily available on the magnitude of imports diverted
because of this issue. To date, no country has proposed
formal prohibitions against therapeutic uses of livestock

drugs (i.e., antibiotic use for treatment of disease),
which would have animal welfare implications.

S. Typhimurium (hereafter referred to as Typhimurium)
is the type of Salmonella most often mentioned in dis-
cussions about antibiotic resistance from livestock drug
use. Typhimurium strains have caused numerous human
illnesses and deaths worldwide. Typhimurium DT-104 is
particularly troublesome, with a hospitalization rate
double that of other foodborne Salmonella infections
and a fatality rate 10 times higher (WHO, 1997). 

Human illness from DT-104 was first recognized in
England and Wales in the 1960s, but resistant DT-104
has been known only since the 1980s (Threlfall, 2000).
The first resistant isolates were taken from gulls and
exotic birds. The resistance was not isolated from
humans until 1989, and was then isolated from cattle
over the next 5 years (Threlfall, 2000). It has also been
isolated from poultry, swine, other domestic animals,
and wild animals (USDA, 1997). DT-104 has been
detected mainly in industrialized countries with more
concentrated livestock production technologies (e.g.,
Austria, Canada, Denmark, France, Germany, UK, and
the United States) (USDA, 1997).

About 95 percent of DT-104 strains are resistant to
ampicillin, chloramphenicol, streptomycin, sulfon-
amides, and tetracycline (GAO, 1999), antibiotics com-
monly used to treat human illnesses. Since 1996, UK
scientists have also reported resistance to fluoro-
quinolones (GAO, 1999). This resistance to fluoro-
quinolones occurs in about 14 percent of DT-104 strains
in the UK (GAO, 1999), but is currently rare in the
United States (Marano et al., 1999). In the United States
alone, there are an estimated 68,000 to 340,000 human
illnesses from S. Typhimurium each year with resist-
ance to five antibiotics, and most of these illnesses were
probably due to DT-104 (Glynn et al., 1998).

Pathogens affecting livestock and pathogens affecting
humans are often of different types or are often present
in differing concentrations. For example, while many
of the same Salmonella serotypes are found in both
humans and livestock, the 5 most common types of
Salmonella in cattle (of 26 serotypes identified) were
different from the 5 most common human types identi-
fied by the U.S. Centers for Disease Control and
Prevention as associated with human illnesses (USDA,
1995). This difference in primary serotypes empha-
sizes the fact that we do not have a thorough under-
standing of the epidemiological link between humans
and animals.
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While some pathogens appear to be widespread in
terms of infected U.S. livestock operations and mar-
kets, their prevalence in livestock populations
appears much lower. The share of animals that tested
positive for Salmonella, Escherichia coli, or other
selected bacteria has ranged from 1 to 5 percent,
while the number of livestock operations or markets
that had at least one positive test has ranged from 
10 to 67 percent (USDA, 1995, 1996b, 1998, 2000).
The prevalence of drug resistance in bacteria from
these samples, however, is not known. While some
samples likely contained resistant strains of bacteria,
it is unlikely that all samples contained resistant 
bacteria.

Livestock Drug Controversy

Some countries (e.g., EU member countries) prohibit
the low-level (subtherapeutic) use of certain antimicro-
bial drugs as growth promotants in livestock produc-
tion. Others have proposed such prohibitions based on
policymakers’ perception that enough evidence links
livestock drug use and human antibiotic effectiveness
in treating foodborne illnesses. In the United States,
several bills have been introduced to prohibit antibi-
otics from at least some uses in animal agriculture
(e.g., H.R. 3266 on Nov. 9, 1999, H.R. 3804 on Feb.
27, 2002, S. 2508 on May 13, 2002, and S.1460 and
H.R. 2932, both on July 25, 2003). In June 2000, the
WHO adopted a statement of principles proposing that
use of antimicrobial livestock drugs to promote growth
be terminated. In June 2001, the EU prohibited all but
four antimicrobial drugs used as growth promotants in
livestock production (Mathews et al., 2001). The four
remaining drugs will be phased out by 2006 (European
Council, 2002). 

Livestock Drug Residues

A related issue concerning antibiotic drug use in live-
stock pertains to antibiotic drug residues that are con-
sidered unsafe yet remain in some internationally
traded animal products (see box 4.4). Some importing
countries have refused entry to shipments testing posi-
tive for these drug residues. Others have invoked tem-
porary bans on shipments from specified countries.
For example, the EU’s veterinary committee recom-
mended that the EU suspend imports of some meats
and seafood from China because of antimicrobial drug

residues in farm-raised shrimp and prawns (Reuters,
1/28/02).18

The EU has prohibited the subtherapeutic use of some
antimicrobial drugs in livestock production and other
countries have proposed such prohibitions because of
their concerns about possible effects on resistance in
foodborne pathogens. These restrictions could extend to
antimicrobial drug use in livestock production by export-
ing countries and could also force changes in production
technologies. A concern of the United States is the sci-
ence base for these and other food regulations. Countries
vary in what they accept as sound science, which is par-
ticularly important in risk assessments.

Conclusion

Increased urbanization, increasing populations, and ris-
ing incomes have increased per capita demand for meat,
milk, and eggs worldwide. The increased demand for
high-quality protein to improve children’s growth, cog-
nitive development, and health has also contributed to
increased global demand for meat and poultry. Concerns
about food safety hazards in meat and poultry have
motivated public and private efforts to ensure safer food
and to protect markets, both domestically and interna-
tionally. These food safety hazards are particularly wor-
risome if they make a large number of people ill
worldwide (e.g., Salmonella) or if they are particularly
virulent (e.g., BSE).

Public sector responses have ranged from position
statements (WHO, FAO, and OIE) to regulations
affecting imports and exports, such as minimum stan-
dards for pathogen, chemical, and residue contami-
nants in imported food products. The regulations
related to these standards range from rejection of spe-
cific shipments (e.g., for Salmonella) to longer term
bans against all potentially contaminated products
(e.g., against imports of live cattle from the UK
because of BSE concerns). Food safety standards and
regulations vary by country but are evolving in
response to the WTO principles, emerging food safety
incidents and risks, and new technology. 

Impacts and regulations often extend beyond the sec-
tors directly affected by a food safety issue. For exam-
ple, BSE has affected the rendering industry and feed,
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18 The United States has embargoed shipments of aquacultural
products contaminated with chloramphenicol.



gelatin, cosmetic, pharmaceutical, and medical sectors.
In many countries, new rules and regulations for feed-
stuffs have been put in place to allay public sector con-
cerns over BSE and food safety threats such as vCJD.
But new regulations to solve one food safety problem
can create new trade challenges. For example, higher
EU standards for gelatin are currently blocking U.S.
gelatin exports to the EU even though BSE has never
been identified in the United States. Countries world-
wide, with and without endemic BSE, are affected by
the crisis both in terms of market access for exports
and new, targeted restrictions for imports.

International food safety standards concerning
Salmonella and poultry vary by type (specific products
or processing), extent (inspections of slaughter facili-
ties, production practices), and duration. These bans
usually pertain to contaminated shipments, but govern-
ments may also impose temporary bans against spe-
cific products from specific producers or countries.
Meanwhile, production and process standards can

extend to drugs administered to livestock even when
residues have not been identified as a problem (e.g.,
threatened Russian ban against poultry) and in part,
because of concerns that some pathogens, such as
Salmonella, can develop resistance to drugs meant to
kill them. 

This variety in standards is one example of national
sovereignty where each WTO member has the right to
determine its own level of SPS protection. Part of the
diversity in standards may reflect differences in the
science base among countries. Two challenges related
to Salmonella facing international bodies are how to
handle “zero-tolerance” standards when science sug-
gests that zero risk is infeasible, and how to ensure
that any differences between standards for domestic
and imported products are based on science or legiti-
mate differences in risk and are not simply trade barri-
ers in disguise. 
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Drugs administered to livestock can affect human
health and food safety through drug residues in food
products. Small amounts of such residues have been
deemed safe for human consumption worldwide by the
Food and Agriculture Organization (FAO) and the Food
and Drug Administration (FDA). The FDA, for exam-
ple, established 1.5 milligrams per person per day as
the acceptable daily intake (ADI) of noncarcinogens.
For antimicrobial drugs, this is a level that should pro-
duce no effects on the human intestinal bacteria. Other
antimicrobial drugs have not been approved for use in
livestock production or have been outlawed.

Residues from some antibiotics are considered unsafe
at any level. FDA has not established ADIs for these
drugs. For example, chloramphenicol is still used occa-
sionally to treat diseases in aquacultural operations in
China, India, Indonesia, Malaysia, Thailand, and
Vietnam, all of which are major exporters of shrimp. Its
use has declined in these areas as information reaches
farmers about its toxicity—it has caused leukemia and
can cause genetic damage, possibly leading to cancer.
The chemical has, however, found its way into livestock
feeds and livestock products in Europe. 

Developing new drugs is expensive. Drug manufac-
turers and sellers must abide by increasingly stringent

and time-consuming regulations and legislation when
developing new drugs for use on either humans or
animals. The Animal Health Institute estimates that
only 1 in 20,000 discovered chemicals becomes avail-
able for farm use. Approval of a new drug can take a
decade or longer.

Major legislation affecting animal drug use and
residue levels since 1989:

Nutrition, Labeling, and Education Act of 1990—
Pre-empts State requirements about food standards,
nutrition labeling, and health claims.

Animal Medicinal Drug Use Clarification Act 
of 1994—Allows licensed veterinarians to prescribe
human drugs for use in animals under certain 
conditions.

Animal Drug Availability Act of 1996—Adds flexi-
bility to animal drug approval process.

Food and Drug Administration Modernization Act
of 1997—Regulates advertising of unapproved uses
of approved drugs.

Box 4.4—Antibiotic Residues



In addition to public sector approaches, private
approaches to reduce food safety risks are becoming
more widespread and stringent (Caswell and Henson,
1997) and are helping firms improve their international
competitive positions in cases where the products are
perceived to be safer. Private sector approaches for
meat and poultry include self-regulation, vertical inte-
gration (to ensure quality/safety of inputs and trace-
ability, for example), voluntary or mandatory HACCP
systems, and third-party certification such as the
International Organization for Standardization. For
example, in the United States, McDonald’s has
imposed antibiotic restrictions on its livestock suppli-
ers (Lipsky, 2003), even though the U.S. government
does not believe this is necessary (FAS, 2003).
Effective implementation of such private sector
approaches is key to enhancing food safety, in tandem
with public approaches (e.g., country-of-origin label-
ing). Some of these private responses may have supply
implications for exporting countries.

Many producer groups have voluntarily developed
guidelines for their members aimed at enhancing the
safety of their commodities.19 These “Quality
Assurance Programs” are designed to ensure whole-
some livestock products. They include elements aimed
at reducing pathogens and at properly using pharmaceu-
ticals (Committee on Drug Use in Food Animals, 1998).
Other private organizations that have adopted guidelines
for antimicrobial drug use include the American
Veterinary Medical Association, American Association
of Bovine Practitioners, and American Association of
Swine Practitioners (USDA, 1999). Several U.S. pro-
ducers have also reduced or plan to reduce their use of

certain antibiotics to ease consumers’ fears (Burros,
2002; Kilman, 2002). For example, several U.S. poultry
producers have begun withdrawing their use of the fluo-
roquinolone drug Baytril. 

Some ongoing meat and poultry disputes have high-
lighted the difficulty in separating actions designed to
ensure food safety of imported food products from
actions to erect trade barriers using SPS standards as
the justification. For example, Russia restricted or
threatened to restrict poultry imports several times
over the past decade, justified in part by its zero toler-
ance for Salmonella contamination and the use of cer-
tain antibiotics in U.S. poultry production that are not
registered in Russia. Even after the United States made
changes to meet Russian demands, Russia imposed
import tariffs and quotas in 2003. These restrictions
and tariffs are crucial in terms of trade because Russia
is the world’s largest importer of broilers (FAS,
3/11/02). Ukraine continues to ban U.S. poultry even
after a protocol was negotiated that met its concerns
(FAS, 2003).

The twin goals of ensuring food safety and protecting
trade can be enhanced through transparent and immedi-
ate public responses to food safety crises, as well as up-
to-date prevention and monitoring efforts. Transparent
and immediate public response to food safety crises is
necessary to protect consumer confidence in the food
supply and in the government (Pickelsimer and Wahl,
2002). For example, consumer confidence in the UK
declined in 1996 when the British government reversed
its previous position that BSE was not related to human
illnesses. Given emerging food safety issues and the
spread of known problems to new regions (e.g., spread
of BSE to Japan and Canada), it is increasingly impor-
tant for policymakers to anticipate foodborne hazards
and, if these hazards materialize, to launch control
measures that mitigate their effects on human health,
animal health, and international trade. Ideally, actions
should be commensurate with the food safety risks to
human and animal health. 
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19 The Committee on Drug Use in Food Animals (1998) provides
examples of these producer groups, which include the National
Pork Producers Council, National Cattlemen’s Beef Association,
National Milk Producers Federation, American Sheep Industry
Association, American Veal Association, National Broiler Council,
National Turkey Federation, United Egg Producers, Catfish
Farmers of America, National Aquaculture Association, and U.S.
Trout Farmers Association. 



References

Associated Press. “Russian Poultry Trade Not Settled.”
Mar. 18, 1996.

Atkinson, N. Head of Economics (International)
Division, Ministry of Agriculture, Fisheries and
Food, London. “The Impact of BSE on the UK
Economy.” Paper presented to the 1st Symposium
on Animal and Human TSEs, Buenos Aires, August
11, 1999, under the auspices of the Instituto
Interamericano de Cooperacion Para La Agricultura.
www.iica.org.ar/Bse/14%20Atkinson.html, accessed
June 1, 2000.

Bisaillon, J.R., R. Charlebois, T. Feltmate, and Y.
Labbé. “HACCP, Statistical Process Control
Applied to Post-mortem Inspection and Risk
Analysis in Canadian Abattoirs,” Dairy, Food, and
Environmental Sanitation 17,3(March 1997):150-5.

Bowles, E. Regional Development Manager, ADAS,
United Kingdom. Personal communication, June 24,
2003.

Burros, M. “Poultry Industry Quietly Cuts Back on
Antibiotic Use,” New York Times, Feb. 10, 2002,
p. A1.

Burton, M., and T. Young. “The Impact of BSE on the
Demand for Beef and Other Meats in Great
Britain,” Applied Economics 28 (1996):687-93.

Buzby, J.C., K.H. Mathews, Jr., and J. Lubroth.
“Vaccination or Decimation: The Foot-and-Mouth
Disease Policy Dilemma,” Choices (Third Quarter,
2001):11-14.

Buzby, J.C., and L. Detwiler. “Bovine Spongiform
Encephalopathy (BSE): An International Food
Safety and Animal Health Crisis,” Choices (Second
Quarter, 2001):41-45.

Cardona, C.J. Avian Influenza, UC Davis Veterinary
Medicine Extension, Davis, CA www.vetmed.ucdavis.
edu/vetext/INF-PO_AvianInfluenzaFS.html, accessed
July 7, 2003.

Caswell, J.A., and S.J. Henson. “Interaction of Private
and Public Food Quality Control Systems in Global
Markets,” Proceedings of Globalisation of the Food

Industry: Policy Implications, R.J. Loader, S.J.
Henson, and W.B. Traill (eds.), 1997, pp. 217-234.

Cohen, J.T., K. Duggar, G.M. Gray, S. Kreindel, H.
Abdelrahman, T. HabteMariam, D. Oryang, and B.
Tameru. “Evaluation of the Potential for Bovine
Spongiform Encephalopathy in the United States.”
Harvard Center for Risk Analysis, Harvard School
of Public Health; and the Center for Computational
Epidemiology, College of Veterinary Medicine,
Tuskegee University, Nov. 26, 2001.

Collins, M. “Evidence Suggests a Johne’s-human Health
Link,” Hoard’s Dairyman (Jan. 25, 1995):43.

Committee on Drug Use in Food Animals, Panel on
Animal Health, Food Safety, and Public Health, The
Use of Drugs in Food Animals: Benefits and Risks.
National Research Council, Board on Agriculture; and
Institute of Medicine, Food and Nutrition Board.
National Academy Press, Washington, DC,
www.nap.edu/readingroom/, accessed, July 28, 1998.

Council for Agricultural Science and Technology
(CAST). “Foodborne Pathogens: Risks and
Consequences.” Task Force Report No. 122,
Washington, DC, Sept. 1994.

Department for Environment, Food and Rural Affairs
(DEFRA), formerly Ministry of Agriculture,
Fisheries, and Food (MAFF), United Kingdom.
“MAFF BSE Information: Beef Industry.”
www/maff.gov/uk/animalh/bse/index.html, accessed
on Apr. 9, 2001 and Oct. 9, 2002.

European Commission (EC). “Situation and Outlook-
Beef Sector.” CAP 2000 Working Document,
Directorate General for Agriculture, Apr. 1997, p. 23.

European Commission (EC). “Prospects for
Agricultural Markets 1998-2005.” Directorate
General for Agriculture, Oct. 1998, pp. 30-34.

European Council. Press release of the 2476th meeting
of the European Council held on Dec. 16-20, 2002
in Brussels (15636/02, Presse 399).

Euzeby, J.P. List of bacterial names with standing in
nomenclature. www.bacterio.cict.fr/s/salmonella.
html, and www.bacterio.cict.fr/salmonellanom.html,
accessed on Jan. 31, 2002.

Economic Research Service/USDA International Trade and Food Safety / AER-828 ● 69



Feinman, S.E. “The Transmission of Antibiotic-
Resistant Bacteria to People and Animals,” CRC
Handbook Series in Zoonoses: Antibiotics,
Sulfonamides, and Public Health. CRC Press, Boca
Raton, FL, 1979, pp. 151-71.

Fey, P.D., T.J. Safranek, M.E. Rupp, E.F. Dunne, E.
Ribot, P.C. Iwen, P.A. Bradford, F.J. Angulo, and
S.H. Hinrichs. “Ceftriaxone-Resistant Salmonella
Infection Acquired by a Child from Cattle,” The
New England Journal of Medicine
342,17(2000):1242-9.

Frenkel, J.K. “Toxoplasmosis in Human Beings,”
Journal of the American Veterinary Medical
Association 196(1990):240-248. 

Gashe, B.A., and S. Mpuchane. “Prevalence of
Salmonellae on Beef Products at Butcheries and
Their Antibiotic Resistance Profiles,” Journal of
Food Science 65,5(2000):880-83.

Glynn, M.K., C. Bopp, W. Dewitt, P. Dabney, M.
Moktar, and F. Angulo. “Emergence of Multidrug
Resistant Salmonella Enterica serotype
Typhimurium DT104 Infections in the United
States,” The New England Journal of Medicine
338,19(1998):1333-1338. www.cdc.gov/ncidod/
dbmd/narms/pub/publications/glynn_k/glynn_k.htm,
as accessed Feb. 12, 2002.

Golan, E., B. Krissoff, and F. Kuchler. “Traceability for
Food Marketing & Food Safety: What’s the Next
Step?” Agricultural Outlook (Jan.-Feb. 2002):21-5.

Haley, M. “Changing Consumer Demand for Meat:
The U.S. Example, 1970-2000,” Changing Structure
of Global Food Consumption and Trade, Anita
Regmi (ed.), U.S. Dept. Agr., Econ. Res. Serv.,
WRS-01-1, May 2001, pp. 55-66.

Hayes, D.J., H.H. Jensen, L. Backstrom, and J.
Fabiosa. “Economic Impact of a Ban on the Use of
Over-the-Counter Antibiotics.” Staff Report 99 SR
90, Center for Agriculture and Rural Development,
Iowa State University, Ames, IA, 1999.

Henson, S., and M. Mazzocchi. “Impact of Bovine
Spongiform Encephalopathy on Agribusiness in the
United Kingdom: Results of an Event Study of
Equity Prices,” American Journal of Agricultural
Economics 84(May 2002):370-86.

Holmberg, S.D., J.G. Wells, and M.L. Cohen.
“Animal-to-Man Transmission of Antimicrobial-
Resistant Salmonella: Investigations of U.S.
Outbreaks, 1971-1983,” Science 225(Aug.
1984):833-35.

Institute of Food Technologists (IFT). IFT Expert
Report on Emerging Microbiological Food Safety
Issues: Implications for Control in the 21st Century,
February 2002, www.ift.org/govtrelations/microfs,
accessed on Aug. 7, 2003.

Kerr, W.A., and J.E. Hobbs. “The WTO and the
Dispute Over Beef Produced Using Growth
Hormones,” Canadian Agrifood Trade Research
Network, CATRN Paper 2000-07, Sept. 2000.

Jin, H.J., and W.W. Koo. “U.S. Meat Exports and Food
Safety Information,” Agribusiness and Applied
Economics Report No. 514, Center for Agricultural
Policy and Trade Studies, Department of
Agribusiness and Applied Economics, North Dakota
State University, Fargo, ND, 2003.

Kilman, S. “Tyson Foods to Curb Its Use in Chickens
of Antibiotic Targeted for Ban by FDA,” The Wall
Street Journal. Feb. 20, 2002, p. B12.

Lipsky, J. “McDonald’s tells suppliers to cut antibiotic
use.” www.meatingplace.com/DailyNews/
pop.asp?ID=10967, accessed on June 20, 2003.

Lloyd, T., S. McCorriston, C.W. Morgan, and A.J.
Rayner. “The Impact of Food Scares on Price
Adjustment in the UK Beef Market,” Agricultural
Economics 25(2001):347-57.

Lorains, J.W., C. Henry, D.A. Agbamu, M. Rossi, M.
Bishop, R.G. Will, and J.W. Ironside “Variant
Creutzfeldt-Jakob Disease in an Elderly Patient,”
The Lancet 357(April 28, 2001):1339-40.

Marano, N., K. Stamey, T.J. Barrett, C. Bopp, P. Dabney,
F.J. Angulo, and the NARMS Working Group.
“Emerging Quinolone-and-extended Spectrum
Cephalosporin-resistant Salmonella in the United
States.” American Society for  Microbiology, 99th
General Meeting, Chicago, IL, May 1999.
www.cdc.gov/ncidod/dbmd/narms/pub/presenta-
tions/1999/marano_n_4.htm, accessed Sept. 28, 2001.

70 ● International Trade and Food Safety / AER-828 Economic Research Service/USDA



Mathews, K.H., Jr., and J.C. Buzby. “Dissecting the
Challenges of Mad Cow and Foot-and-Mouth
Disease,” Agricultural Outlook (Aug. 2001):4-6.

Mathews, K.H., Jr., J.C. Buzby, L.R. Tollefson, and
D.A. Dargatz. “Livestock Drugs: More Questions
than Answers?” Agricultural Outlook (Sept.
2001):18-21.

Mead, P. S., L. Slutsker, V. Dietz, L. F. McCaig, J. S.
Bresee, C. Shapiro, P. M. Griffin, and R. V. Tauxe.
“Food-Related Illness and Death in the United
States,” Emerging Infectious Diseases 5,5(Sept.-
Oct. 1999):607-625. www.cdc.gov/ncidod/
eid/vol5no5/mead.htm, accessed Nov.. 21, 2001.

Molbak, K., D.L. Baggesen, F.M. Aarestrup, J.M.
Ebbesen, J. Engberg, K. Frydendahl, P. Gerner-
Smidt, A.M. Petersen, and H.C. Wegener. “An
Outbreak of Multidrug-Resistant, Quinolone-
Resistant Salmonella enterica Serotype
Typhimurium DT104,” The New England Journal of
Medicine 341,19(Nov. 4, 1999):1420-1425.

Orden, D., T. Josling, and D. Roberts. “Product
Differentiation, Sanitary Barriers, and Arbitrage in
World Poultry Markets,” Global Food Trade and
Consumer Demand for Quality, Krissof et al. (eds.),
Kluwer Academic/Plenum Publishers, New York,
2002, pp. 147-164.

Orriss, G.D. “Animal Diseases of Public Health
Importance,” Emerging Infectious Diseases
3,4(Oct.-Dec. 1997), www.cdc.gov/ncidod/
eid/vol3no4/orriss.htm, accessed Jan. 22, 2001.

Pickelsimer, C., and T.I. Wahl. “Mad Cow Disease:
Implications for World Beef Trade.” IMPACT
Center, Information Series No. 96, Washington
State University, Pullman, WA, Aug. 2002.

Regmi, A. (ed.) “Changing Structure of Global Food
Consumption and Trade,” WRS-01-1, U.S. Dept.
Agr., Econ. Res. Serv., May 2001.

Regmi, A., M.S. Deepak, J.L. Seale Jr., and J.
Bernstein. “Cross-Country Analysis of Food
Consumption Patterns,” Changing Structure of
Global Food Consumption and Trade, WRS-01-1,
U.S. Dept. Agr., Econ. Res. Serv., May 2001.

Reuters, “World Experts Discuss Food Safety at
Morocco Forum.” Jan. 28, 2002.

Reuters, “Ukraine Plans to Ban U.S. Meat Imports
from Feb. 15.” Jan. 23, 2002.

Reuters. “McDonald’s Suspends Poultry Sales in
Lithuania.” Sept. 2, 1999.

Roberts, D. “Preliminary Assessment of the Effects of
the WTO Agreement on Sanitary and Phytosanitary
Trade Regulations,” Journal of International
Economic Law 1,3(Sept. 1998):377-405.

Seitzinger, Ann. Animal and Plant Health Inspection
Service Veterinary Services, U.S. Department of
Agriculture. Personal communication, Aug. 9, 2002.

Thoen, C.O., and D.E. Williams. “Tuberculosis,
Tuberculoidoses, and Other Mycobacterial
Infections,” CRC Handbook of Zoonoses, G.W. Beran
(ed.), pp. 41-59. CRC Press, Boca Raton, FL. 1994.

Thompson, W., and G. Tallard. “Consumption versus
Demand: Recovery After BSE?” EuroChoices
2(1)(2003):24-5.

Threlfall, E.J. “Epidemic Salmonella typhimurium DT
104—A Truly International Multiresistant Clone,”
Journal of Antimicrobial Chemotherapy 46(2000):
7-10.

UK Department of Health. “Monthly Creutzfeldt-
Jakob Disease Statistics: Monday 2 September
2002,” www.doh.gov.uk/cjd/stats/may02.htm,
accessed Sept. 9, 2002.

U.S. Department of Agriculture (USDA). “USDA
Agricultural Baseline Projections to 2011.”
Interagency Agricultural Projections Committee,
Office of the Chief Economist, Staff Report WAOB-
2002-1, Feb. 2002, wwwers.usda.gov/publications/
waob021/index.htm, accessed May 15, 2002,

U.S. Department of Agriculture. “World Agriculture
Table 23—World Supply & Utilization of Major
Crops, Livestock & Products,” Economic Research
Service. Agricultural Outlook (Sept. 2001): 51.

Economic Research Service/USDA International Trade and Food Safety / AER-828 ● 71



U.S. Department of Agriculture, Animal and Plant
Health Inspection Service, Veterinary Services.
“Highlights of Layers ‘99 Study Results: Salmonella
enterica serotype Enteritidis.” National Animal Health
Monitoring System, N338.1000, Oct. 2000.

U.S. Department of Agriculture, Animal and Plant
Health Inspection Service, Veterinary Services,
Centers for Epidemiology and Animal Health.
Antimicrobial Resistance Issues In Animal
Agriculture, Dec. 1999. www.aphis.usda.gov/
vs/ceah/cei/health.htm#antimicrobial, accessed 
Feb. 22, 2002.

U.S. Department of Agriculture, Animal and Plant
Health Inspection Service, Veterinary Services.
“Salmonella Shedding by Feedlot Cattle,” National
Animal Health Monitoring System, N182.595, May
1995.

U.S. Department of Agriculture, Animal and Plant
Health Inspection Service, Veterinary Services.
“Part II: Reference of 1995 U.S. Grower/Finisher
Health and Management Practices,” National
Animal Health Monitoring System, 1996b.

U.S. Department of Agriculture, Animal and Plant
Health Inspection Service, Veterinary Services. 
“E. coli O157 and Salmonella-Status on U.S. Dairy
Farms,” National Animal Health Monitoring
System, N182.595, 1998.

U.S. Department of Agriculture, Food Safety and
Inspection Service. Salmonella Typhimurium DT104
Situation Assessment. Dec. 1997.

U.S. Department of Agriculture, Food Safety and
Inspection Service. “Library of Export
Requirements.” www.fsis.usda.gov/OFO/export/
explib.htm#cr_alpha, accessed on Feb. 19, 2002.

U.S. Department of Agriculture, Foreign Agricultural
Service. Personal communication with staff, Sept.
2003.

U.S. Department of Agriculture, Foreign Agricultural
Service. “Livestock and Poultry: World Markets and
Trade.” Circular March 11, 2002; Circular Series
DL&P 1-01 March 2001, Circular Series DL&P 2-01,
Oct. 2001, www.fas.usda.gov/dlp/circular/2001/
01-10LP/toc.htm, accessed May 15, 2002.

U.S. Department of Agriculture. “Pathogen Reduction;
Hazard Analysis and Critical Control Point
(HACCP) Systems; Final Rule,” Federal Register
61,144(July 25, 1996a):38805-989.

U.S. General Accounting Office. The Agricultural Use
of Antibiotics and Its Implications for Human
Health. GAO/RCED-99-74. April 1999.

Verbeke, W., and R.W. Ward. “A Fresh Meat Almost
Ideal Demand System Incorporating Negative TV
Press and Advertising Impact,” Agricultural
Economics 25(2001):359-74.

Verbeke, W., R.W. Ward, and J. Viaene. “Probit
Analysis of Fresh Meat Consumption in Belgium:
Exploring BSE and Television Communication
Impact,” Agribusiness 16,2(2000):215-34.

Watson, J. Economics (International) Division
Ministry of Agriculture, Fisheries and Food,
London. Personal correspondence on June 8,
2000.

Wells, S., P.J. Fedorka-Cray, T. Besser, P.
McDonough, and B. Smith. “E. coli O157 and
Salmonella—Status on U.S. Dairy Operations,”
U.S. Department of Agriculture, Animal and Plant
Health Inspection Service, Veterinary Services,
National Animal Health Monitoring System, Dairy
‘96, May 1998.

White, D.G., S. Zhao, R. Sudler, S. Ayers, S.
Friedman, S. Chen, P.F. McDermott, S. McDermott,
D.D. Wagner, and J. Meng. “The Isolation of
Antibiotic-Resistant Salmonella from Retail Ground
Meats,” The New England Journal of Medicine
345,16(2001):1147-54.

World Health Organization (WHO).”Multi-Drug
Resistant Salmonella Typhimurium.” Fact Sheet No.
139, Jan. 1997. www.who.int/inf-fs/en/fact139.html,
accessed Feb. 25, 2002.

World Trade Organization (WTO). “Specific Trade
Concerns.” Committee on Sanitary and
Phytosanitary Measures. G/SPS/GEN/204/Rev.1,
March 5, 2001.

World Trade Organization (WTO). “Sanitary and
Phytosanitary Measures: Introduction:

72 ● International Trade and Food Safety / AER-828 Economic Research Service/USDA



Understanding the WTO Agreement on Sanitary
and Phytosanitary Measures,” May 1998,
www.wto.org/english/tratop_e/sps_e/spsund_e.html,
accessed Feb. 5, 2002.

World Trade Organization (WTO). “European
Communities-Measures Concerning Meat and Meat
Products (Hormones), Original Complaint by the
United States, Recourse to Arbitration by the

European Communities under Article 22.6 of the
DSU, Decision by the Arbitrators,” WT/DS26/ARB,
July 1999, p. 18.

World Trade Organization (WTO). “Agreement on the
Application of Sanitary and Phytosanitary Measure,”
April 15, 1994, www.wto.org/english/tratop_e/
sps_e/spsagr_e.htm, accessed Feb. 24, 2003.

Economic Research Service/USDA International Trade and Food Safety / AER-828 ● 73


