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Bovine spongiform encephalopathy 
(BSE), also known as mad cow 
disease, is one of a family of 

diseases—transmissible spongiform 
encephalopathies, or TSEs—that can 
aff ect cattle and other animals and 
humans. This family of diseases is the 
subject of a new Scientifi c Status Sum-
mary issued by the Institute of Food 
Technologists.

This article presents highlights of 
the Scientifi c Status Summary. The full 
text of the Scientifi c Status Summary 
is being published in the June/July 
2005 issue of IFT’s Journal of Food 
Science and is available on IFT’s Web 
site at www.ift.org.

The Diseases and the Cause
The TSEs include BSE, which occurs in 
cattle; scrapie, which occurs in sheep 
and goats; chronic wasting disease 

(CWD), which occurs in deer and elk; 
and Gerstmann-Strausler-Sheinker 
disease (GSS), classical Creutzfeldt-
Jakob Disease (CJD), and variant CJD 
(vCJD), which occur in humans.

Each of these diseases manifests 
diff erent symptoms and involves 
diff ering genetics, transmissibility, 
and pathology. Scrapie and CWD, for 
example, are contagious, while BSE is 
not; and classical CJD is spontaneous, 
while GSS is hereditary.

The agents responsible for the 
TSEs are called prions, proteins that 
are unique in that they are devoid of 
nucleic acid. Not yet fully understood, 
prions are one of today’s great 
scientifi c enigmas. Isolated and named 
in 1982 by Stanley B. Prusiner, a 
“prion” (deriving from “proteinaceous 
infectious particle”) is an abnormally 
shaped infectious protein. This unusual 

agent exists in two forms—a normal 
non-infectious form (PRPC) and a path-
ological isoform (PRPres or PRPSC). 
The pathological form is extremely 
hardy, resisting protease digestion and 
surviving dry heat for 15 min at 6000C 
(Prusiner, 1998).

The normal PRPC form becomes 
infectious when its tertiary (three-
dimensional) structure changes from 
a normal α-helix to a misfolded 
β-pleated sheet (see illustration on the 
next page), resulting in altered function, 
including the ability to damage cells. 
How TSE is manifested in a species 
is also determined by the magnitude 
and route of the host’s exposure to the 
PRPres and the host’s PRPC genome and 
age at exposure.

TSEs have disrupted trade and 
caused economic hardship for cattle 
producers, meat processors, feed 
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manufacturers, and renderers. Changes 
have been necessitated in additional 
processing requirements, slaughtering 
and deboning techniques, handling 
procedures for specifi ed risk materials, 
and labeling requirements. Signifi cant 
disposal and waste-handling challenges 
have also arisen. From a regulatory per-
spective, TSEs have created the need 
for increased regulation and monitoring 
of meat processing and rendering 
facilities, concomitantly aff ecting the 
food and feed industries. Complicating 
all this is the ongoing evolution of our 
understanding of TSEs. 

Epidemiological data strongly 
suggest that vCJD was transmitted 
to humans via consumption of BSE-
contaminated meat products. Such 
contamination may have resulted 
from infected tissues being mixed 
with muscle meat through mechanical 
deboning systems. Importantly, muscle 
tissue itself has not been shown to 
carry infectivity (Brown, 2001).

As of May 2005 there have been 
155 defi nite or probable vCJD cases 
and 150 vCJD-related deaths in the 
UK, seven cases in France, and one 
case each in Canada, Ireland, Italy, the 
U.S., Japan, and most recently, the 
Netherlands. A caveat to the Canadian, 
Irish, and U.S. (and likely the Japa-
nese) cases is that all were diagnosed in 
people who had resided in the UK and 
were likely infected during that time.

Recent Developments
Until recently, BSE was associated 
with only one strain of PRPSC. 
Atypical cases of BSE in France 
and Italy, however, have led to the 
identifi cation of a new bovine TSE 
form (bovine amyloidotic spongiform 
encephalopathy, BASE) in cattle. BASE 
has a diff erent molecular weight, brain 
distribution, and cellular outcome than 
BSE. The discovery team found that 
this new form is similar in molecular 
structure to that of sporadic CJD, sug-
gesting that it may not share the same 
origins as BSE. 

CWD, endemic to Colorado and 
southern Wyoming and which has been 
identifi ed in free-ranging cervids (deer 

and elk) across the U.S. from Nebraska 
to New York and in Saskatchewan in 
Canada, was recently shown to be 
capable of spread via residual infectiv-
ity from contaminated environments 
(Miller et al., 2004). Like scrapie, 
CWD has no known zoonotic poten-
tial; no strong link between CWD and 
human TSE cases has been identifi ed.

CWD prions have been shown to 
convert, in vitro, human, cattle, and 
sheep prions to the abnormal form at 
very low rates (Raymond et al., 2000); 
however, epidemiological studies have 
not shown any strong evidence for 
transmission outside the cervid family 
or to humans (Belay et al., 2004). 
Nevertheless, the Centers for Disease 
Control and Prevention (Belay et al., 
2004), the American Veterinary Medi-
cal Association, and many state public 
health and wildlife agencies have issued 
recommendations for handling precau-
tions when dealing with game meat. 

Government Responses
Lessons learned from the European 
experience with BSE, which began in 
1986, have had a signifi cant impact 
on the handling of BSE prevention 
around the world. Banning the 
practice of feeding ruminant-derived 
meat and bone meal (MBM) back to 
ruminants—a policy implemented 
in July 1988 in the UK—served as 
the primary defense for preventing 
transmission of the disease among the 
animal population, refl ected in the 
immediate drop in number of new 
cases born in the year following the 
ban and each year subsequently.

The European Association for 
Animal Production recently suggested 
that the UK epidemic has neared an 
end and will not recur. Removal at 
slaughter of all tissues that accumulate 
the BSE infectious agent (known as 
specifi ed risk materials or SRM) also 
protects against BSE transmission risk 
posed by subclinically infected cattle. 
Removal of SRM at slaughter serves 
as the single most important food 
safety risk mitigation intervention that 
helps to protect public health. Policies 
banning SRM from human food were 

implemented in the UK in 1989 and in 
the U.S. and Canada in 2004. Multiple 
other remedial interventions have 
been implemented by governments in 
Europe and North America.

Following confi rmation of a 
positive BSE diagnosis in Northern 
Alberta, Canada in May 2003, the 
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Animals affected by transmissible spongiform encephalopathies include cattle, 
sheep, deer, goats, and elk.
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The agents responsible for TSEs are unique proteins called prions. The normal form 
becomes infectious when its three-dimensional structure changes from a normal 
α-helix (shown at left) to a misfolded β-pleated sheet, resulting in altered func-
tion, including the ability to damage cells.

Illustration courtesy of Genetic Science Learning Center, University of Utah, Illustration courtesy of Genetic Science Learning Center, University of Utah, http://gslc.genetics.utah.edu.
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U.S., Mexico, and many other 
countries instituted a trade embargo, 
resulting in huge fi nancial losses for 
Canada. Then, with the announcement 
in December 2003 of a positive BSE 
test in the state of Washington (later 
determined to be a Canadian import), 
countries around the world, including 
Japan—the largest importer of U.S. 
beef—banned U.S. beef imports.

Both Canada and the U.S. 
responded by implementing SRM 
removal strategies and enhanced sur-

veillance. The U.S. later eased trade 
restrictions for Canadian beef and 
issued import permits after examining 
Canada’s risk mitigation strategies 
(e.g., SRM removal practices). Two 
additional BSE cases have been identi-
fi ed in Canada, and investigations are 
consistent with international experi-
ence—feed contaminated with BSE 
being the most likely source.

Meanwhile, enhanced U.S. surveil-
lance has produced three inconclusive 
results, with two of the three con-

fi rmed negative by the “gold-standard” 
immuno-histochemistry (IHC) test. 
The third was initially confi rmed nega-
tive, but upon retesting in late June 
2005 by the SAF-immunoblot test, 
it was found to be positive for BSE.  
Fortunately, the safeguards enacted 
by the U.S. Dept. of Agriculture and 
the Food and Drug Administration 
following the December 2003 case 
prevented material from this cow from 
entering the human food supply. USDA 
has revised the surveillance protocol to 

BSE and Related Diseases
UNDER S TANDING

aInformation is accurate to the best of our knowledge—new results continue to present.
bIHC = immunohistochemistry done using antibody/antigen staining of postmortem biopsy tissue.
cBSE rapid methods are USDA/APHIS approved for use as screening tests in the expanded surveillance program.

Clinical aspect Scrapie CWD BSE vCJD

Date and  place of 
recognition

1732, UK 1967, USA 1986, UK 1996, UK

Species Sheep/goats Deer/elk Ruminants, felines Humans

Transmission

Lateral (direct) transmission 
via contact with placenta
and fl uids
Contagious

Lateral (direct) transmission or 
environmental (indirect)
Contagious

Ingestion of MBM derived from 
BSE-infected cattle
Non-contagious

Consumption of BSE contaminated 
cattle materials or iatrogenic
Non-contagious

Incubation time 2–5 years 1–3 years 4–5 years 10–15 years

Symptoms

Slight behavior change 
(nervous, aggressive, 
solitary) followed by itching 
and/or hypersensitivity, then 
motor abnormalities

Slight behavior change followed by 
repetitive behaviors, depression, then 
decreased appetite and weight loss, 
then increased urination, slobbering, 
and stumbling

Slight behavior change (nervous, 
reluctant to enter doorways, kick 
when milked), teeth grinding, 
frenzy, locomotor ataxia, 
hyperaesthesia, excessive licking, 
weight loss, low milk

Depression, anxiety, personality 
change followed by pain in limbs, 
face, body (tingling, numbness), 
then at 6 months: clumsy, slurred 
speech, involuntary movements, 
and memory loss

Duration of illness 1–6 months 2–3 months 1–3 months 12–18 months

Minimum onset age 24 months <12 months 22 months Adolescence

Methods of 
diagnosis

IHCb of brain

Live-animal test: biopsy of 
third eyelid

IHC of brain,
lymph nodes (neck), tonsils

IHC of brain (conclusive)

Rapid screening methods 
(inconclusive)c:
Prionics WB
Prionics LIA
BioRad TeSeE
Abbott/Enfer Test
IDEXX HerdChek

IHC of brain (conclusive)

Other methods (inconclusive):
MRI: increased signal in the 
thalmic region (90% of cases)
EEG, spinal tap (14-3-3 protein), 
tonsilar biopsy

Organs accumulating 
prion protein

CNS, spleen, lymph nodes, 
placenta, intestine (large 
and small), blood, pancreas, 
ovary, liver, muscle

Brain, pituitary, spinal cord, eyes, 
tonsils, lymph, spleen, pancreas, 
peripheral nerves

Brain, spinal cord, eyes, tonsils, 
trigeminal ganglia, dorsal root 
ganglion, distal ileum of the small 
intestine, third eyelid

Brain, pituitary, spinal cord, eyes, 
tonsils, lymph nodes, spleen

Comparison of clinical aspects of the TSE diseasesa
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include dual confi rmatory testing (IHC 
and SAF-immunoblot) of all future 
inconclusive results.

Japan confi rmed its fi rst case of 
BSE in September 2001 and Japanese 
per capita beef consumption dropped 
42% in the following month, a dispar-
ity in consumer confi dence compared 
with the U.S. and Canada. Japan began 
testing all slaughter cattle for BSE in 
October 2001 but did not implement 
widespread testing of cattle from the 
“high-risk” group until April 2004, a 
signifi cant diff erence from the U.S. 
approach to surveillance.

Japan has tested more than 3 
million cattle and had 17 BSE cases, 
two of which were reported in cattle 
only 21 and 23 months old. Positive 
diagnoses of cattle younger than 30 
months have occurred rarely and 
are generally thought to be due to 
exposure to an unusually large dose 
of infective prions. However, one of 
these cases has been labeled “atypical,” 

and both remain questionable because 
they tested negative for BSE using the 
IHC test.

With the BSE case in the U.S., 
Japan initially insisted that to reestab-
lish trade, the U.S. test all slaughter 
cattle. The U.S. argued, however, 
that testing cattle less than 30 months 
old has no scientifi c basis because BSE 
cannot be reliably detected early in the 
incubation period and detectable dis-
ease is extremely rare in young cattle. 
Discussions may result in a change to 
Japanese policy that could open the 
door to U.S. imports because 80% of 
U.S. slaughter cattle are 20 months of 
age or younger.

In October 2004, the governments 
of Japan and the U.S. stated that 
two-way trade could resume upon 
completion of regulatory processes 

currently underway in both countries 
(modifi cation of testing procedures 
in Japan and implementation of 
import procedures by the U.S.) and 
development of a marketing program 
specifi cally for Japan. The marketing 
program, the Beef Export Verifi cation 
Program, will result in certifi cation 
by USDA’s Agricultural Marketing 
Service that U.S. beef and beef 
product exports meet requirements as 
presented in the agreement.

Looking to the Future
There are several areas in which food 
and animal science research would aid 
in dealing with the TSE challenge. The 
primary areas warranting focus are 
development of testing methodologies 
for detecting prions in live animals, 
and identifying products potentially 
contaminated with ruminant proteins 
or infectious tissue (SRM). Earlier 
detection of BSE in live animals would 
enhance surveillance systems, reduce 

the possibility of false-negative test 
results, and aid understanding of the 
epidemiology of BSE.

The U.S., Canada, and many 
other countries have mandated 
removal of SRM from the food supply 
and restricted slaughter and food 
processing practices that may lead to 
cross-contamination. Use of recycled 
mammalian materials were eliminated 
from ruminant feed six years prior 
to the fi rst appearance of BSE in 
indigenous North American cattle, 
and extensive surveillance programs 
have been put into place. To date, 
these measures appear to have success-
fully protected public heath and 
upheld consumer confi dence in the 
regulatory system.

Nevertheless, science continues to 
evolve, and international trade remains 

signifi cantly disrupted. The TSEs also 
pose a risk-communication challenge. 
Despite the rarity of vCJD, the disease 
is universally fatal (there are no eff ec-
tive treatments), it disproportionally 
aff ects young people, and gaps remain 
in our knowledge of the disease, all 
of which fuel public fear. Researchers 
continue to investigate the science 
of TSEs; and the need continues for 
increased funding and coordination 
of research and risk-management 
eff orts, as well as extensive risk 
communication. FT
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The U.S., Canada, and many other countries have mandated 
removal of SRM from the food supply and restricted 
slaughter and food processing practices that may lead 
to cross-contamination.
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