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Bovine spongiform encephalopathy was described as 
a new disease of cattle in 1987.1 From its first re-

corded appearance in England, more than 184,500 cases 
have been confirmed throughout the United Kingdom, 
an epizootic that peaked in 1992.2 However, because 
the incubation period of this disease exceeds the usual 
slaughter age for cattle, these recorded case numbers 
represent only a fraction of the infected animals; it has 
been calculated that since 1980, approximately 2 mil-
lion cattle have developed BSE in the United Kingdom.3 
The disease has now been confirmed in native-born 
cattle in 25 countries throughout the world, including 
Asia and North America.2

Bovine spongiform encephalopathy belongs to a 
class of diseases known as TSEs, so named because of 
the vacuolization often observed in the brains of TSE-
affected animals. This group of uniformly fatal diseases 
causes a slow-onset encephalopathy that is notable by 
the distinct lack of any immune response and by aggre-
gations of characteristic protein deposits that are detect-
able primarily in the CNS.1,4 These unusual proteins, 
called prions,5 are the infectious agent of all TSEs,6 and 
inoculation with these prions or sometimes merely the 
ingestion of tissue containing prions transmits the dis-
ease to a new host.7–15

Other well-known TSEs are scrapie of sheep,16 trans-
missible mink encephalopathy,17 chronic wasting disease 
of cervids,18 and kuru12,19 and sporadic Creutzfeldt-Jakob 
disease of humans.20,21 Bovine spongiform encephalopa-
thy is the only TSE known to be transmissible from ani-
mals to humans.22,23

Clinical Signs and Histopathologic  
Changes in Cattle With BSE

Cattle with BSE develop signs of CNS disease that can 
be vague and nonspecific and that are often accompanied 
by a decrease in milk yield and loss of body weight.24–26 
The most common neurologic signs in cattle with BSE 
are apprehension, pelvic limb ataxia, and hyperesthesia to 
auditory, visual, or tactile stimuli.1,24,27,28 Bradycardia and 
reduced rumination are often observed, indicating distur-
bance of autonomic innervation.26,29
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The disease must be differentiated from other 
causes of CNS disease.27 Rabies generally follows a 
shorter clinical course (< 8 days) than the prolonged 
disease seen in cattle with BSE.26 In cattle with BSE, 
analysis of the CSF reveals no abnormalities, and there 
is no inflammatory response.1,30 Because a diagnosis 
of BSE can be confirmed only by results of analyses of 
brain tissue collected after death, BSE in cattle is a diag-
nosis of exclusion.26,27

Examination of the brains of cattle clinically affected 
with BSE during the UK epizootic revealed a consistent 
pattern of pathologic changes.31,32 The typical spongi-
form vacuolated changes were most noticeable in the 
medulla oblongata at the level of the obex.33 Examina-
tion of brain tissue slices treated with antibody against 
prions revealed prion-positive accumulations that gen-
erally reflect the same distribution as that of vacuola-
tion in the brain. Details of neuropathologic changes 
of cattle with BSE were well described by veterinary  
pathologists working in the United Kingdom during 
the epizootic34,35 and have been recently reviewed.33

Prions as the Infectious Agent of BSE

More than 25 years ago, Stanley Prusiner and col-
leagues identified the etiologic agent of TSEs as an un-
precedented pathogenic entity: proteins that are able to 
propagate without the need for nucleic acid. These pro-
teins were named prions.5,6 For his work, Prusiner was 
awarded the Nobel Prize in 1997, and in recent years, 
the protein-only theory of prion infectivity has been 
validated by the work of many others.

Prusiner’s identification of prions as infective agents 
was soon followed by the discovery of a native prion 
protein that is a normal constituent of cell membranes 
in vertebrates, expressed at particularly high concentra-
tions in nervous tissue.36–45 Assessment of the function 
of the normal cellular prion protein is an area of ac-
tive research. In mammals, native prion proteins may 
protect cells from oxidative damage, regulate circadian 
rhythms and sleep, and aid in the creation of memo-
ries.45 It is intriguing that a rare, inherited human prion 
disease (fatal familial insomnia) prevents its victims 
from sleeping, leading to dementia and death.46
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Disease-causing prions and the normal native pri-
on proteins have identical amino acid sequences and 
differ only in their folding pattern or conformation (ie, 
they are isoforms).47–49 During development of a prion 
disease, an exogenous infectious prion isoform con-
verts a native prion protein into a replicate of the infec-
tious prion isoform. This newly formed isoform can, 
in turn, convert other native prion proteins in a kind 
of chain reaction50–52; thus, the infectious prion isoform 
replicates and propagates the infection.50–52 The aber-
rant disease-associated isoforms accumulate as the pri-
on deposits identified in the brains of infected animals, 
which cause generalized signs of CNS disease that leads 
inexorably to death.

One enigma of TSEs is the existence of different 
strains of prion disease within the same animal species; 
the strain differences cannot be attributed to differences 
in amino acid sequences because those are determined 
by a host’s genome.53–55 However, there is more than 1 
folding pattern (prion isoform) that can develop from 
the same amino acid sequence. These alternate folding 
patterns are believed to be the basis for multiple strains 
of prion diseases.55–57 Each TSE disease strain causes a 
distinct disease pattern, with predictable and reproduc-
ible incubation time and disease course, as determined 
by the experimental transmission of TSEs in laboratory 
animals.53,54,58,59 Each strain converts the host’s native 
prion protein into a strain-specific disease-associated 
prion with distinctive molecular properties (eg, differ-
ing resistance to denaturation in the presence of guani-
dine salts).55–57

Prion diseases have a natural cross-species trans-
mission barrier: an exogenous prion is most infective 
when it closely matches the amino acid sequence of the 
host’s own normal prion proteins so that the incoming 
prion can readily serve as a template for the transfor-
mation of native prion protein to the disease-associated 
isoform. If the exogenous infectious prion arises from a 
different species, the lack of homology between the in-
coming infectious prion and the host’s own native prion 
protein protects the host’s prion proteins from transfor-
mation. In the latter situation, there is a lower chance of 
infection by the exogenous prion, and if infection does 
develop, the incubation period is generally lengthened 
by this so-called species barrier.59,60

Although the concept of species barriers for prion 
diseases has been validated, these barriers are not as 
complete as once believed. It is now recognized that 
many apparently nonsusceptible animals exposed to 
infectious prions from another species (or prions from 
another animal of the same species that has a different 
native prion genotype) do, in fact, support the replica-
tion of the infectious prions in the absence of clinical 
disease. The tissues of these subclinical carrier hosts 
can be infective if introduced back into a host of the 
susceptible genotype.61–64 From experiments involving 
susceptible and nonsusceptible transgenic (human-
ized) mice, the evidence suggests that infective prions 
in nonsusceptible carriers without clinical signs retain 
the capability to infect a susceptible host if tissue is ex-
changed through surgery or transplantation.65

Prion diseases originating in a different species can 
become host-adapted upon passage through the recipi-

ent host species.66 As the infection progresses, more of 
the infectious prion contains the host sequence so that 
when it is transmitted to another animal of the same spe-
cies, the prion is composed entirely of host sequence and 
is now compatible with the host native prion protein.67

Origins of BSE

The origins of BSE remain a mystery. There has 
been conjecture that the UK epizootic might have origi-
nated as a bovine-adapted sheep scrapie strain; it has 
been suggested that through the rendering of sheep and 
cattle carcasses into cattle feed, and following multiple 
cycles of ingestion and infection, a natural field strain 
of scrapie may have become host adapted to cattle.68,69 
If this is true, the resulting diseases have differentiated 
themselves in their respective hosts since this cross-
species transformation occurred: sheep scrapie samples 
from before 1975 and after 1990 induce different clini-
cal signs in recipient cattle, but neither of these experi-
mental diseases resembles BSE.70 The typical BSE strain 
identified in the UK epizootic can infect sheep if in-
jected intracranially or administered orally, but the re-
sulting disease can be distinguished from scrapie.33,71–74 
Analogously, cattle have been experimentally infected 
with the sheep scrapie agent via intracranial inocula-
tion,70,75,76 but the resulting TSE (cattle-passaged scra-
pie) is different from BSE.33,75,76 If cattle are orally ad-
ministered the sheep scrapie agent, they do not become 
infected.77

Other speculations regarding the origin of BSE have 
been made. One hypothesis posits that BSE may have 
originated from an atypical strain of BSE in cattle.78,79 
A rare prion isoform may have appeared spontaneously 
and subsequently propagated through the feeding of 
meat-and-bone meal prepared from an original host 
animal. It has even been speculated that BSE may have 
originated as a bovine-adapted human TSE, and that 
meat-and-bone meal imported into the United Kingdom 
from the Indian subcontinent might have inadvertently 
contained some human remains.80 However, this theory 
is contradicted by results of experiments involving bo-
vinized transgenic mice (ie, mice that express the bovine 
native prion protein and are therefore highly susceptible 
to BSE); these mice are not susceptible to human trans-
missible spongiform encephalopathies other than vCJD, 
the human disease linked to BSE.81

Presently, there is no evidence to suggest that BSE 
can arise from a natural transmission of cervid chronic 
wasting disease or transmissible mink encephalopathy.82 
Cattle are only susceptible to chronic wasting disease if 
they are inoculated intracranially, and the resulting dis-
ease is distinct from BSE.83–86 In a detailed pathologic 
analysis, cattle living and grazing on land presumed to 
be heavily infected with the agent of chronic wasting 
disease developed no related pathologic changes after 
8 years.87 Transmissible mink encephalopathy has been 
experimentally transmitted to cattle via intracranial in-
oculation,76,88 but not via SC inoculation.88

Transmission of BSE Among Cattle

Ingestion of infectious tissue from BSE-infected 
animals via meat-and-bone meal is the only route of 
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transmission that has withstood epidemiologic and 
experimental scrutiny and that is considered sufficient 
to initiate and sustain an epizootic among cattle.24,89 
Among domestic cattle during the UK epizootic, there 
was no indication that the agent of BSE was being trans-
mitted directly from animal to animal; even during the 
most intense years of that epizootic, most farms had 
only a few cases.24,89,90 Soon after identifying meat-and-
bone meal as the transmission vehicle, UK authorities 
banned the feeding of any ruminant-derived protein to 
other ruminants,91 an act that resulted in an 80% de-
crease in infection rate among cattle born during the 
following year.89

Although the number of clinical cases declined dra-
matically among cattle born after the 1988 meat-and-
bone meal feed ban in the United Kingdom, more than 
40,000 cases of BSE developed in cattle born during the 
years that followed.92 These cattle were most likely in-
fected by the cross-contamination of cattle rations by 
feed intended for nonruminant farm animals.90,93 There-
fore, in 1996, it became illegal in the United Kingdom 
to prepare feed containing any mammalian protein for 
any farm animal. Furthermore, it became illegal even to 
store such feed on farm premises; all farmers were noti-
fied to clean their feed storage areas to remove any trace 
of contaminated feed.94 In the interval since inception 
of the 1996 feed ban, the annual number of cases of 
BSE in the United Kingdom has declined steadily each 
year.2,95–97 Only 163 cases of BSE have been identified in 
animals born after 1996.97

In the United Kingdom, a thorough review of the 
first 93 cases of BSE in cattle born after the 1996 feed 
ban revealed that BSE can occasionally be transmitted 
to cattle from lingering traces of contaminated feed.98,99 
The extraordinary susceptibility of cattle to BSE has 
been borne out by results of oral administration of pro-
gressively smaller quantities of BSE-infected brain ho-
mogenate to cattle. The experimental ingestion of 1 mg 
of brain slurry from clinically affected cattle has trans-
mitted BSE to 1 of 15 calves, albeit after an extended 
incubation period.100,101 It has been estimated that for 
cattle, the dose of this brain preparation that is suffi-
cient to achieve transmission to 50% of animals via oral 
ingestion is approximately 200 mg (95% confidence 
interval, 40 to 1,000 mg).101 The threshold for an infec-
tive oral dose must be assumed to be < 1 mg of infected 
brain material.101

Because of the etiologic and pathologic similarity 
of this disease to scrapie,16 the possibility of maternal 
transmission of BSE was of real concern. There did ap-
pear to be some small risk (0% to 2.8%) of maternal 
transmission to calves born in the last 6 months of the 
dam’s incubation period.3,102,103 However, infectivity has 
not been found in any male or female reproductive tis-
sue, including mammary glands. Neither bovine milk 
nor placental tissue from BSE prion–infected cattle has 
been found to be infective.104–109 Transmission via em-
bryo transfer has also been investigated, but neither 
infected donor bulls nor infected donor cows were ca-
pable of transmitting BSE to recipient heifers or to the 
offspring.110

Environmental contamination is not an important 
source of infection, nor is transmission by birds, ro-

dents, or other vectors.111,112 An epidemiologic review 
of the BSE prion–infected cattle born after the strict 
feed ban rules implemented in 1996 revealed that these 
cases did not have an increased likelihood of originat-
ing from UK herds with a high incidence of BSE in the 
past.111 Sewage sludge from abattoirs was deemed un-
able to sustain an epizootic, but could pose a small risk 
to animals grazing on pastures contaminated by such 
sludge.113

Transmission of BSE to Humans

Bovine spongiform encephalopathy is the only 
known zoonotic TSE, but its zoonotic nature was not 
known until years after the outbreak began in cattle.22,23 
In 1996, UK physicians recognized a previously unseen 
fatal neurodegenerative disease that resembled CJD, a 
known human prion disease. Creutzfeldt-Jakob disease 
is rare in persons < 50 years old, but by 1995 there 
was an emerging pattern of unusually young patients 
with clinical, electroencephalographic, and neurode-
generative signs that differed from the usual form of 
CJD (now called sporadic CJD).22,114–116 The newly rec-
ognized vCJD was distinguishable from sporadic CJD, 
even in the rare instance when sporadic CJD occurred 
in an adolescent.117

Analysis of the prion isoform deposits in vCJD 
patients revealed the same biochemical properties (eg, 
electrophoretic banding patterns and antibody stain-
ing affinities) as those associated with prion deposits in 
BSE prion–infected cattle; the properties were distinct 
from those of prions associated with any other known 
spongiform encephalopathy, including prions in pa-
tients with sporadic CJD.118,119 Inoculation of nonhu-
man primates with brain material from vCJD patients 
induced a disease indistinguishable from that caused by 
inoculation with brain material from cattle with clini-
cally evident BSE.23 The human cases had presumably 
contracted vCJD via the consumption of infective tissue 
from cattle with BSE.100

In contrast to vCJD, there is no reason to suspect 
that sporadic CJD is a human-adapted animal TSE be-
cause this disease develops even among lifelong veg-
etarians.120 Concurrent with the BSE epizootic, there 
has been no significant increase in the background 
incidence of sporadic CJD in the United Kingdom or 
Europe.121,122

Unlike BSE in cattle, vCJD, the human manifesta-
tion of this disease, involves widespread tissue infectiv-
ity beyond that of brain and other nervous tissue. Four 
cases of vCJD have been strongly linked to transfusions 
of blood from donors who developed clinically evident 
vCJD after the time of their donation.123–127 There is evi-
dence that young persons are more susceptible to vCJD; 
after controlling for age-related beef consumption pat-
terns, susceptibility appears highest for adolescents and 
young adults.128,129 A competent immune system may 
increase the susceptibility of young animals to prion 
disease; the lymphoid follicular dendritic cells that es-
cort prions through the immune system to the nervous 
system lose functional capability with age.130

Humans appear to have substantial differences in 
their susceptibility to BSE, based on the genetic poly-
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morphism of the human prion genome.131 The most 
common polymorphism is methionine/valine (M/V) at 
position 129 of the native prion protein; persons who 
are homozygous for methionine (ie, M/M) at this site 
appear to be more susceptible to developing prion dis-
ease. All known clinical cases of vCJD, including 3 of 
the 4 transfusion-acquired cases, have occurred in M/M 
homozygotes, despite the fact that such individuals com-
prise only 40% of European populations.123,124,126 Among 
persons with kuru (a historical human TSE transmitted 
via ritual ingestion of human brains), M/M homozygotes 
developed the disease much sooner after exposure than 
did heterozygotes, in some of whom clinical disease de-
veloped > 30 years from the time of exposure.12,132,133

Bovine spongiform encephalopathy, like other 
prion diseases, can be transmitted not only via inges-
tion, but also via the iatrogenic transfer of tissue from a 
subclinical carrier. The human medical community has 
known for decades that sporadic CJD and other prion 
diseases can be iatrogenically transmitted through tis-
sue exchange or transplantation134–139 or through use 
of conventionally sterilized surgical instruments.136,140 
In BSE prion–infected cattle, the infectious prions are 
mostly confined to the CNS. However, in patients with 
vCJD, the infectious prions are detected in multiple 
tissues throughout the body, conferring a risk of iatro-
genic transmission, even through routine surgical pro-
cedures, if adequate prion decontamination procedures 
are not followed.124,141–143

Despite the low incidence of clinical vCJD, a 
retrospective analysis of tonsil and appendix biopsy 
specimens estimated that as many as 1 in 4,000 per-
sons exposed during the UK epizootic may be a sub-
clinical carrier and may be capable of efficient iat-
rogenic transmission to others of more susceptible 
genotype.125,144,145 Subclinical infection was evident 
even in persons with the resistant V/V genotype.145,146 
Postmortem examination of a person who was known 
to have received a blood transfusion from a donor who 
later died of vCJD revealed the presence of prions in 
the spleen, although the recipient had died of non-
neurologic disease and had possessed a prion-resistant 
M/V genotype.125

Transmission of BSE to Other Species

The species barrier is quite evident for BSE—cattle 
are more susceptible than most other animals. How-
ever, several other ruminants in zoologic collections 
became infected during the BSE epizootic in the United 
Kingdom and France; kudu are especially susceptible to 
widespread tissue infection.147–155 Other agriculturally 
important animals were presumably exposed to feed in-
fected with the BSE agent but did not develop BSE.156,157 
To our knowledge, there have been no confirmed cas-
es of naturally acquired BSE in sheep158,159 and only a 
single field case of BSE in a goat.160 The BSE agent has 
been experimentally transmitted to sheep and goats 
via intracranial inoculation and via ingestion of infec-
tious material from BSE prion–infected cattle.71,72 These 
experimentally induced BSE prion infections in small 
ruminants were associated with characteristic patterns 
of neuropathologic changes in the brain and distinc-
tive banding patterns in prion western blots; thus, BSE 

prions in goats and sheep can be reliably differentiated 
from any known strain of the scrapie agent.161–163

During the BSE epizootic in the United Kingdom, 
no pigs were found to be affected with BSE; pigs are 
not susceptible to the BSE agent via oral ingestion. Pigs 
do not become subclinical carriers following oral inges-
tion of the BSE agent; the tissues of pigs that ingest the 
BSE agent do not become infective (as determined from 
results of rodent bioassays).157,164 However, following 
experimental parenteral (intracranial, intraperitoneal, 
and IV) inoculation of infectious material, pigs can be-
come nonclinical carriers of BSE.156,164,165 

Recently, roe deer were experimentally infected with 
the BSE agent; although the deer were susceptible to in-
fection, the infection was limited to the CNS and periph-
eral nerves and did not affect the lymphatic system. Dis-
tinction between such experimentally induced BSE and 
chronic wasting disease in these animals would be diffi-
cult.166 Rabbit native prion protein appears unable to as-
sume the form of infectious isoform, thereby protecting 
rabbits from prion diseases.167 Fish and birds are unlikely 
to propagate the BSE agent because of the low sequence 
homology with mammalian prion protein.39,42

During the epizootic in the United Kingdom, do-
mestic cats and dogs were presumably equally exposed 
to the BSE agent through consumption of infected meat. 
Many domestic cats and captive large felids developed a 
feline spongiform encephalopathy that was identified as 
being caused by the BSE-associated prion, but domestic 
dogs and wild canids did not.157,168–172 Although feline and 
canine native prion molecules are highly similar, amino 
acid substitutions in critical areas appear to protect dogs, 
but not cats, from infection with the BSE agent.173

Strains of the BSE Agent

Although most cattle with BSE appear to have been 
infected with 1 strain of the BSE agent, there have been 
rare, atypical strains of BSE prion identified in cattle 
in many countries.174–185 Throughout the BSE epizo-
otic in the United Kingdom, all cases appear to have 
been affected with the same prion strain,31,186 although 
rare strains may not have been detected by use of the 
testing protocols available at that time.89,186,187 A recent  
retrospective analysis of preserved samples verified that 
a rare strain was present at least occasionally during the 
UK epizootic.181

It now appears that there are at least 3 strains of the 
BSE agent in cattle: the classical BSE strain of the UK epi-
zootic and 2 atypical strains (designated as L-type and H-
type [denoting characteristic light and heavy molecular 
prion banding patterns revealed via western blot analy-
sis]).176,177,182,183,188 The H-type and L-type strains of BSE 
have been experimentally transmitted to bovinized mice 
(ie, mice carrying the bovine prion gene).183 The L-type 
strain has been experimentally transmitted to cattle and 
nonhuman primates.189,190 Results of recent experiments 
with humanized transgenic mice (ie, mice carrying the 
human prion gene) indicate that the L-type strain of BSE 
is capable of causing disease in humans.191

To date, atypical BSE has been identified only in 
cattle that appeared healthy at slaughter, and most of 
those animals were older than the animals typically 
affected with the classic strain of BSE.176,177 It has been 
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hypothesized that these atypical cases could be the 
manifestation of rare prion isoforms that arise natu-
rally in some older animals.192–194 At least 1 case of  
H-type atypical BSE has been associated with a heri-
table mutation in the gene expressing the normal cel-
lular prion protein.195–197 The susceptibility to BSE 
disease strains may be related to genetic differences 
among cattle.194–196,198

Both of the BSE cases ascertained in the US native-
born cattle were atypical cases (H-type), which contrib-
uted to the initial ambiguity of the diagnosis.174,185 In 
Canada, there have been 2 atypical BSE cases in addi-
tion to the 14 cases of the classic UK strain of BSE2: one 
was of the H-type, and the other was of the L-type.198

There has been speculation that US outbreaks of 
transmissible mink encephalopathy, the last of which 
occurred in 1985,199 might have resulted from ingestion 
of tissue from an animal infected with a hypothetical 
rare prion disease of cattle.199,200 However, if this were 
so, this hypothetical disease was not classic BSE. When 
the BSE agent is experimentally transmitted to mink, 
the resulting disease is distinguishable from transmis-
sible mink encephalopathy201; when the transmissible 
mink encephalopathy agent is experimentally trans-
mitted to cattle, the resulting disease is distinguishable 
from BSE.76 Experimental transmissions of BSE and 
transmissible mink encephalopathy to ovinized trans-
genic mice (ie, mice that express the sheep native prion 
protein) suggest that L-type atypical BSE most closely 
resembles transmissible mink encephalopathy.202 The 
L-type BSE has not been detected in US cattle.174,185

Age-Related Susceptibility  
of Cattle to BSE

Young cattle appear to be more susceptible to infec-
tion with the BSE agent than older cattle. During the UK 
epizootic, innate age-based susceptibility appeared to 
play a greater role than age-related dietary patterns.89,203 
Cumulative field data fit best with an assumption that 
there was a true difference in age susceptibility among 
cattle—independent of age-related dietary patterns—
and that the age susceptibility peaked very strongly at 1 
year of age204 or between 6 months and 1 year of age.205 
In cattle, the lower susceptibility to BSE observed in 
mature animals is not attributable to ruminal inactiva-
tion of prions.206,207

Although less susceptible than young cattle, it is 
evident from field data collected during the UK epizo-
otic that older animals can indeed become infected with 
the BSE agent via consumption of contaminated feed. 
Animals born as early as 1977 developed clinical BSE 
during the BSE epizootic in the United Kingdom, al-
beit at an advanced age.95 This suggests that most of the 
cattle from this earlier birth cohort were not exposed 
to the BSE agent until the epizootic was well underway 
in the mid-1980s. There have also been cases of BSE in 
cattle that were not fed meat-and-bone meal until after 
they were 2 years old.208

Genetic Susceptibility to BSE

Bovine spongiform encephalopathy susceptibility 
to the classical strain of BSE among cattle does not ap-

pear related to underlying genetic variability in the pri-
on coding gene.209–217 There is some association of BSE 
with mutations of the promoter region of the normal 
cellular prion protein gene in cattle, but mutations are 
not sufficiently protective to enable a breeding program 
for resistant cattle.211,218–220

Incubation Period and Age of Onset of BSE

In experiments in which cattle were exposed to in-
fectious material via oral administration, the mean incu-
bation period for BSE was inversely related to the dose 
of infectious material.100,101 Among naturally occurring 
field cases, clinical BSE developed mostly among ani-
mals that were 4 and 5 years old.221 Among cattle with 
BSE for which age at onset was known (124,000 clini-
cal cases) in the United Kingdom, 7% were 3-year-olds, 
31% were 4-year-olds, 33% were 5-year-olds, and 29% 
were 6-year-olds or older. Only 192 (0.02%) animals 
were clinically affected before they were 3 years old.95

The incubation period for naturally occurring BSE 
in cattle has been estimated from data in thousands of 
case records from the UK and French epizootics.89,102,203 
These calculations, accounting for incomplete informa-
tion about animals that may have been incubating BSE 
at the time of slaughter, estimated the mean incubation 
period as 4.5 to 5.5 years.204,205,222 However, compared 
with this mean value, there were many cattle with 
shorter incubation periods and relatively fewer cattle 
with longer incubation periods. In other words, the few 
animals with extremely long incubation periods effec-
tively inflated the population-wide mean incubation 
period to an estimate (4.5 to 5.5 years) that is larger 
than the incubation period in most of the cattle in the 
epizootic. Hence, the estimates for population-wide 
mean age of greatest susceptibility (0.5 to 1.5 years) 
and population-wide mean incubation period (4.5 to 
5.5 years) do not add to reflect the most common age 
of onset for clinical cases during the epizootic (4 to 5 
years of age).

Pathogenesis of BSE in Cattle

Following oral ingestion of infective material, the 
route by which prions propagate through the body of 
cattle is not completely understood. Unlike the pattern 
of pathogenesis for several other TSEs, there is very 
little prion replication in lymphoid tissue in cattle with 
BSE.105,223 Results of recent studies224,225 suggest that, in 
cattle, prions usually infect the CNS via the autonomic 
tracts that innervate the gastrointestinal tract.

Infective Tissues in Cattle with BSE

Because of the risk of zoonotic transmission via in-
gestion of infective tissue, the distribution of the BSE 
agent in tissues of infected cattle and the time course 
for development of tissue infectivity have been care-
fully investigated.

CNS tissue—In cattle with clinical signs of BSE, the 
CNS contains the largest concentration of BSE agent.226 
European scientists estimate that approximately 90% of 
the infectious prions are found in the brain and spi-
nal cord in clinically affected cattle.226 On the basis of 
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sequential examination of tissue from experimentally 
(orally) infected calves, CNS tissue infectivity in cattle 
becomes apparent only toward the end of the incuba-
tion period; at that time, the BSE agent is present in the 
brain, spinal cord, dorsal root ganglia, and trigeminal 
ganglia.223,227

Autonomic and peripheral nerve tracts—In cattle 
that have been administered infective material orally, 
disease-associated prions are present in the myenteric 
nerve plexus in the distal portion of the ileum, which 
indicates that the agent travels to the CNS through au-
tonomic nerve tracts that supply the gastrointestinal 
system.224,228 There is also the possibility of more rapid 
transit to the brain via cranial nerves or the vagus nerve. 
In cattle infected with the classic UK strain of BSE prion, 
the solitary tract nucleus and the spinal tract nucleus of 
the trigeminal nerve appear to be primary and early sites 
of neural pathogenesis; the dorsal motor nucleus of the 
vagus nerve is also commonly affected.229

In the L-type atypical strain of BSE identified in 
some Italian cattle, infectious prions were not detected 
in the dorsal motor nucleus of the vagus nerve, and the 
brainstem was not as heavily infected as the supratento-
rial brain regions, both of which suggest that invasion 
was not via the alimentary tract.177 In these atypical cases 
of BSE, the olfactory bulb stained for prion more heavily 
than the olfactory bulb in typical cases of BSE, indicating 
possible infection via the olfactory nerve to the brain.177

Infectivity is rarely found in peripheral nerves. 
Compared with development of CNS tissue infectivity, 
peripheral nerve infectivity becomes apparent in the 
later stages of the incubation period. Also, when the 
BSE agent is detected in peripheral nerves, the concen-
tration is much lower than that detected in CNS tissues. 
These facts suggest retrograde travel of the BSE agent 
following CNS infection.226 In a study223 of cattle that 
had been administered infective material orally, samples 
of the sciatic nerve collected from several animals before 
the development of clinical signs were infective, but at 
an extremely low level. In a clinically advanced field 
case, samples from the optic, facial, and sciatic nerves 
were infective but, again, at a very low level; a sample 
from the radial nerve (located more distant from the 
CNS) was not infective.105 Bovine spongiform encepha-
lopathy–associated prions have also been detected via 
western blot analysis in several peripheral nerves from 
cattle that had been administered infective material 
orally and from infected cattle (field cases) prior to and 
after development of clinical signs.224,230,231

Lymphoreticular system—Although in many oth-
er TSEs, there is widespread infection throughout the 
lymphoreticular system, this does not occur in cattle 
with BSE.33,232–235 The small degree of lymphoreticular 
tissue involvement may not be a crucial step in the 
pathogenesis of BSE.33,105,223

In cattle, Peyer’s patches become infected with 
BSE prions as early as 6 months after exposure.105,223,236 
The tonsils from BSE-infected cattle are also presumed 
to be infective, but the concentration of BSE agent is 
low in tonsils of animals with experimentally induced 
BSE.223,226 Samples of the tonsils of a cow with late-stage 
BSE (field case) were not infective.105 Infectivity of re-

gional or mesenteric lymph nodes or spleens collected 
from cattle challenged with the BSE agent and infectiv-
ity of the thymuses of calves with experimentally in-
duced BSE have not been detected.105,223,226

Muscle—Muscle tissues from cattle with BSE do 
not appear to be infective. In cattle that were experi-
mentally infected with the BSE agent via oral admin-
istration of infective materials as calves, samples of 
the diaphragm, tongue, semitendinosus, so-called 
longissimus dorsi (likely the longissimus thoracis 
and longissimus lumborum muscles although not 
specified in the reports), sternocephalicus, triceps 
brachii, masseter, and cardiac muscles were all non-
infective.223,237

Samples of cardiac, semitendinosus, and so-called 
longissimus dorsi muscles from a naturally infected cow 
from Germany were assessed by use of a highly sensitive 
transgenic mouse bioassay.105 Inoculation of bovinized 
transgenic mice with cardiac and longissimus dorsi 
muscle samples did not transmit disease, but inocula-
tion of 1 of the 10 samples of semitendinosus muscle 
was associated with evidence of transmitted BSE.105 The 
investigators considered that a technical error could 
account for this result. The semitendinosus muscle is 
innervated by the sciatic nerve; samples of this nerve 
from the same cow were also infective (9/13 samples 
yielded positive results). The investigators concluded 
that “the potential level of infectivity in the examined 
bovine muscle is lower than that in the brain by at least 
6 log steps, as can be deduced from the results of our 
titration experiment.”105

Blood and bone marrow—Although blood of per-
sons with vCJD (the human manifestation of BSE) is in-
fective,123–127,238,239 blood samples from BSE prion–infect-
ed cattle have been tested and are not infective.105,223,240

The BSE agent was detected in a pooled sample of 
bone marrow obtained from 3 calves at 38 months after 
oral challenge with infective material.241 Bone marrow 
was not infective in the 2 calves killed at 40 months 
after exposure.241 The detection of infectivity in the 
pooled bone marrow sample may have been the result 
of tissue cross-contamination because this was the last 
sample collected at necropsy. If truly infective, it may 
be surmised that prion infection can reach bone mar-
row through its autonomic innervation (ie, innervation 
of the walls of the marrow-associated vasculature). A 
hematogenous route seems unlikely because samples of 
spleen, lymph nodes, and blood from cattle with BSE 
have never been found to be infective.105,223

BSE Diagnostic Evaluations

Currently, there is no test for BSE in living ani-
mals. The concentration of infectious prions increases 
throughout the incubation period, but during most of 
that period, an infected animal has no clinical signs. A 
definitive diagnosis of BSE in a suspect bovid requires 
the detection of characteristic BSE-associated prions in 
a sample of brain tissue.221 Current diagnostic tests can 
determine infection in cattle only during the latter part 
of the incubation period, after detectable concentrations 
of BSE-associated prions have appeared in the CNS.
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Rapid-acting high-throughput immunoassays have 
become the first line of testing in BSE surveillance pro-
grams in cattle populations. These postmortem assays 
are conducted on fresh tissue samples from the obex 
region of the midbrain221 and can detect disease-associ-
ated prions in brain tissue at least several months before 
the onset of diagnostic histopathologic change.223,227 
Approved rapid tests use several different methods to 
detect infective prions; typically, assessments are pre-
ceded by removal of the normal cellular form of prions 
to eliminate interference with detection of the disease-
associated form.242 Detection of infective prions is then 
performed via western blot analysis, ELISA, or lateral 
flow immunoassay (a modified dipstick version of the 
ELISA).243 The European Union has approved 12 rapid 
tests for BSE screening of cattle, and some are licensed 
for use in the US testing program.244 All of those tests 
are considered to have equivalent sensitivity for detec-
tion of the BSE agent.245–248

If the results of a rapid screening test are positive, 
BSE is confirmed by positive results of immunohisto-
chemical testing35,249–251 of formalin-fixed brain tissue 
or via detection of BSE prions in brain extracts by use 
of a western blot immunoassay.221,252–254 Immunohisto-
chemical testing of fixed brain tissue reveals both the 
characteristic vacuolization and the distinctive pat-
terns of prion deposits; western blot analysis confirms 
a BSE diagnosis by the presence of the characteristic 
migration pattern of BSE-associated prions.243 Charac-
terization of the molecular signature via western blot 
analysis enables identification of the strain of BSE pri-
on; the atypical L-type and H-type BSE prions can be 
distinguished from the classic form of BSE prion.176,177 
A recently developed ELISA is able to distinguish the 3 
strains of BSE prion.255

Autolysis of a tissue sample will obscure the pat-
tern of disease-associated prion deposition. However, 
because of their extreme physical and chemical stabil-
ity, the infectious prions remain intact and can be de-
tected in samples that have undergone autolysis to the 
point of liquefaction.221,256,257 In these highly decom-
posed samples, BSE infection can still be confirmed by 
use of a western blot immunoassay.221

As the capability to detect extremely low concen-
trations of infectious prions continues to improve, the 
hope is that, in the future, there will be a test to detect 
prions (or some other potential biomarker for BSE) in 
an easily accessible body compartment prior to the on-
set of clinical signs.243,258–266

Prevalence of BSE in a Cattle Population

Because of the nature of cattle production systems, 
any disease in cattle that has a long incubation period 
is difficult to detect. When few animals mature to the 
age at which an infection becomes clinically evident, 
the disease can circulate silently; in a country without 
vigilant surveillance systems or stringent interdiction 
of ruminant tissue from bovine feed, the spread of BSE 
can remain undetected for years.

The 1988 meat-and-bone meal feed ban in the 
United Kingdom did not prevent the exportation of 
this product to other countries and with it the spread 
of BSE. Cattle producers in the United States, who are 

largely reliant on soybean or other vegetable-based di-
etary supplements, had little need for meat-and-bone 
meal transported from the United Kingdom. Between 
1981 and 1985, the United States imported only a small 
amount—24 metric tons—of rendered material from 
the United Kingdom267; US agricultural officials forbade 
its import after 1985. However, other countries contin-
ued to import meat-and-bone meal from the United 
Kingdom after the advent of BSE.267

Throughout Europe, BSE detection at first depend-
ed on a passive surveillance system; veterinarians and 
farmers were required to report animals with CNS signs 
compatible with BSE, but there was no organized effort 
to search for them. In 1996, the startling confirmation 
that BSE was a zoonosis gave new impetus to devis-
ing a means of conducting active surveillance of cattle. 
By 2001, several rapid screening tests for use on brain 
samples had been approved. These new surveillance 
tools revealed that BSE has already penetrated conti-
nental Europe to a much greater degree than previously 
suspected.268,269

The principles of BSE surveillance rest on the as-
sumption that there is a background level of CNS dis-
ease in any population of adult cattle. To assure a high 
probability that any BSE case will be captured in a sur-
veillance system, it is recommended that field investi-
gations of adult cattle that have BSE-compatible CNS 
signs should be conducted at the rate of at least 100 
investigations annually for every 1 million cattle > 30 
months old; fewer investigations would result in some 
BSE cases remaining unidentified and unreported.205

Bovine products are used extensively in medical 
applications, including injectable collagen, gelatin 
for the production of capsules, and bovine serum al-
bumin for use in vaccine production. These products 
are not made from neurologic tissue, but it is im-
portant to assure that no contamination from bovine 
neurologic tissue occurs during manufacture and that 
manufacturing processes include sufficient steps to 
eliminate any potential prion contamination.270,271 To 
protect human consumers, it is recommended that 
these products originate from countries that have no 
evidence of BSE and have a strong BSE surveillance 
program in place, as certified by the World Organi-
zation for Animal Health (Office International des 
Épizooties).272

Decontamination of Infectious Prions

Prions are extremely stable, and it is difficult 
to completely inactivate them in tissues, in liquid 
waste, or on contaminated surfaces.273 The suscep-
tibility to inactivation also depends somewhat upon 
the prion strain.273,274 In laboratory or surgical set-
tings, when humans or other animals are known or 
suspected to be infected with TSEs, use of disposable 
instruments is preferred; these items should be sub-
sequently incinerated.275

Prion-contaminated materials should never be 
allowed to dry onto surfaces because drying renders 
the prions more difficult to remove.276 Formaldehyde 
or aldehyde disinfectants (eg, glutaraldehyde-based 
disinfectants) are contraindicated because they can 
further stabilize the prion molecule by cross-linking 
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or fixing the protein chains277; BSE infectivity remains 
almost unaltered in tissue exposed to 10% formol-sa-
line solution for 2 years.187 Steam cleaning is not rec-
ommended because the high temperature renders the 
prions more difficult to remove from contaminated 
surfaces.278

Protein denaturants, such as guanidine salts, 
are effective inactivants.279 Incineration at 1,000°C 
(1,832°F)280 or extended autoclave runs (4.5 hours) 
at high temperatures (134°C [273.2°F]) or in com-
bination with sodium hydroxide will inactivate pri-
ons.281 A phenolic disinfectant has been shown to 
greatly diminish prion infectivity,282 and under ap-
propriate conditions, cleaning solutions that are as 
mild as acidic 5% SDS may markedly reduce infectiv-
ity.274,283 For TSE prion decontamination of medical 
and veterinary necropsy and surgery facilities, there 
are several best practices guidelines that are gener-
ally based on the guidelines published by the World 
Health Organization.284,285

References
1.	 Wells GA, Scott AC, Johnson CT, et al. A novel progressive spon-

giform encephalopathy in cattle. Vet Rec 1987;121:419–420.
2.	 World Organisation for Animal Health (OIE). Number of report-

ed cases of bovine spongiform encephalopathy (BSE) in farmed 
cattle worldwide. September 16, 2008. Available at: www.oie.
int/eng/info/en_esbmonde.htm. Accessed Nov 30, 2008.

3.	 Donnelly CA, Ferguson NM, Ghani AC, et al. Implications of 
BSE infection screening data for the scale of the British BSE 
epidemic and current European infection levels. Proc Biol Sci 
2002;269:2179–2190.

4.	 Aguzzi A. Prion diseases of humans and farm animals: epidemi-
ology, genetics, and pathogenesis. J Neurochem 2006;97:1726–
1739.

5.	 Prusiner SB. Novel proteinaceous infectious particles cause 
scrapie. Science 1982;216:136–144.

6.	 Prusiner SB. Prions. Proc Natl Acad Sci U S A 1998;95:13363–
13383.

7.	 Cuille J, Chelle PL. La maladie dite tremblante du mouton est-
elle inoculable? C R Acad Sci 1936;26:1552–1554.

8.	 Pattison IH, Hoare MN, Jebbett JN, et al. Spread of scrapie to 
sheep and goats by oral dosing with foetal membranes from 
scrapie-affected sheep. Vet Rec 1972;90:465–468.

9.	 Pattison IH, Hoare MN, Jebbett JN, et al. Further observations 
on the production of scrapie in sheep by oral dosing with foe-
tal membranes from scrapie-affected sheep. Br Vet J 1974;130:
lxv–lxvii.

10.	 Gordon WS. Advances in veterinary research: louping-ill tick-
borne fever and scrapie. Vet Res 1946;58:516–520.

11.	 Marsh RF, Hanson RP. On the origin of transmissible mink en-
cephalopathy In: Prusiner SB, Hadlow WJ, eds. Slow transmis-
sible diseases of the nervous system. New York: Academic Press 
Inc, 1979;455–460.

12.	 Gajdusek DC. Unconventional viruses and the origin and disap-
pearance of kuru. Science 1977;197:943–960.

13.	 Dawson M, Wells GA, Parker BN. Preliminary evidence of the 
experimental transmissibility of bovine spongiform encepha-
lopathy to cattle. Vet Rec 1990;126:112–113.

14.	 Dawson M, Wells GAH, Parker BNJ, et al. Transmission studies 
of BSE in cattle, hamsters, pigs and domestic fowl. In: Bradley 
R, Savey M, Marchant B, eds. Sub-acute spongiform encephalopa-
thies. Proceedings of a seminar in the CEC Agricultural Research 
Programme, held in Brussels, 12–14 November, 1990. Sponsored by 
the Commission of the European Communities, Directorate-Gen-
eral for Agriculture, Division for the Coordination of Agricultural 
Research. Dordrecht, The Netherlands: Kluwer Academic Pub-
lishers, 1991;25–32.

15.	 Fraser H, McConnell I, Wells GA, et al. Transmission of bovine 
spongiform encephalopathy to mice. Vet Rec 1988;123:472.

16.	 Detwiler LA, Baylis M. The epidemiology of scrapie. Rev Sci Tech 
2003;22:121–143.

17.	 Marsh RF, Hadlow WJ. Transmissible mink encephalopathy. Rev 
Sci Tech 1992;11:539–550.

18.	 Williams ES. Chronic wasting disease. Vet Pathol 2005;42:530–
549.

19.	 Gajdusek DC, Zigas V. Kuru; clinical, pathological and epide-
miological study of an acute progressive degenerative disease of 
the central nervous system among natives of the Eastern High-
lands of New Guinea. Am J Med 1959;26:442–469.

20.	 Belay ED. Transmissible spongiform encephalopathies in hu-
mans. Annu Rev Microbiol 1999;53:283–314.

21.	 Sy MS, Gambetti P, Wong BS. Human prion diseases. Med Clin 
North Am 2002;86:551–571.

22.	 Will RG, Ironside JW, Zeidler M, et al. A new variant of 
Creutzfeldt-Jakob disease in the UK. Lancet 1996;347:921–925.

23.	 Lasmezas CI, Deslys JP, Demaimay R, et al. BSE transmission to 
macaques. Nature 1996;381:743–744.

24.	 Wilesmith JW, Wells GA, Cranwell MP, et al. Bovine spongiform 
encephalopathy: epidemiological studies. Vet Rec 1988;123:638–
644.

25.	 Wilesmith JW, Hoinville LJ, Ryan JB, et al. Bovine spongiform 
encephalopathy: aspects of the clinical picture and analyses of 
possible changes 1986–1990. Vet Rec 1992;130:197–201.

26.	 Bradley R. Bovine spongiform encephalopathy (BSE): the cur-
rent situation and research. Eur J Epidemiol 1991;7:532–544.

27.	 Braun U, Schicker E, Hornlimann B. Diagnostic reliability of 
clinical signs in cows with suspected bovine spongiform en-
cephalopathy. Vet Rec 1998;143:101–105.

28.	 Veterinary Laboratories Agency Web site. TSE video clips (clini-
cal signs). Cattle video clips. Available at: www.defra.gov.uk/vla/
science/sci_tse_rl_video.htm. Accessed Nov 30, 2008.

29.	 Winter MH, Aldridge BM, Scott PR, et al. Occurrence of 14 cases 
of bovine spongiform encephalopathy in a closed dairy herd. Br 
Vet J 1989;145:191–194.

30.	 Scott PR, Aldridge BM, Clarke M, et al. Cerebrospinal fluid 
studies in normal cows and cases of bovine spongiform enceph-
alopathy. Br Vet J 1990;146:88–90.

31.	 Breslin P, McElroy M, Bassett H, et al. Vacuolar lesion profile of 
BSE in the Republic of Ireland. Vet Rec 2006;159:889–890.

32.	 Simmons MM, Harris P, Jeffrey M, et al. BSE in Great Britain: 
consistency of the neurohistopathological findings in two 
random annual samples of clinically suspect cases. Vet Rec 
1996;138:175–177.

33.	 Jeffrey M, Gonzalez L. Pathology and pathogenesis of bovine 
spongiform encephalopathy and scrapie. Curr Top Microbiol Im-
munol 2004;284:65–97.

34.	 Wells GA, Wilesmith JW. The neuropathology and epidemiology 
of bovine spongiform encephalopathy. Brain Pathol 1995;5:91–
103.

35.	 Wells GA, Hancock RD, Cooley WA, et al. Bovine spongiform 
encephalopathy: diagnostic significance of vacuolar changes in 
selected nuclei of the medulla oblongata. Vet Rec 1989;125:521–
524.

36.	 Basler K, Oesch B, Scott M, et al. Scrapie and cellular PrP 
isoforms are encoded by the same chromosomal gene. Cell 
1986;46:417–428.

37.	 Chesebro B, Race R, Wehrly K, et al. Identification of scrapie 
prion protein-specific mRNA in scrapie-infected and uninfected 
brain. Nature 1985;315:331–333.

38.	 Oesch B, Westaway D, Walchli M, et al. A cellular gene encodes 
scrapie PrP 27–30 protein. Cell 1985;40:735–746.

39.	 Oidtmann B, Simon D, Holtkamp N, et al. Identification of 
cDNAs from Japanese pufferfish (Fugu rubripes) and Atlantic 
salmon (Salmo salar) coding for homologues to tetrapod prion 
proteins. FEBS Lett 2003;538:96–100.

40.	 Simonic T, Duga S, Strumbo B, et al. cDNA cloning of turtle 
prion protein. FEBS Lett 2000;469:33–38.

41.	 Strumbo B, Ronchi S, Bolis LC, et al. Molecular cloning of 
the cDNA coding for Xenopus laevis prion protein. FEBS Lett 
2001;508:170–174.

42.	 Gabriel JM, Oesch B, Kretzschmar H, et al. Molecular cloning 
of a candidate chicken prion protein. Proc Natl Acad Sci U S A 
1992;89:9097–9101.



JAVMA, Vol 234, No. 1, January 1, 2009	 Vet Med Today: Zoonosis Update	 67

43.	 Bendheim PE, Brown HR, Rudelli RD, et al. Nearly ubiquitous 
tissue distribution of the scrapie agent precursor protein. Neu-
rology 1992;42:149–156.

44.	 Ford MJ, Burton LJ, Morris RJ, et al. Selective expression of pri-
on protein in peripheral tissues of the adult mouse. Neuroscience 
2002;113:177–192.

45.	 Linden R, Martins VR, Prado MA, et al. Physiology of the prion 
protein. Physiol Rev 2008;88:673–728.

46.	 Lugaresi E, Medori R, Montagna P, et al. Fatal familial insomnia 
and dysautonomia with selective degeneration of thalamic nu-
clei. N Engl J Med 1986;315:997–1003.

47.	 Baldwin M, Stahl N, Hecker R, et al. Glycosylinositol phospho-
lipid anchors of prion proteins. In: Prusiner SB, Collinge J, Pow-
ell J, et al, eds. Prion diseases of humans and animals. New York, 
NY: Ellis Horwood, 1992;380–397.

48.	 Rudd PM, Endo T, Colominas C, et al. Glycosylation differences 
between the normal and pathogenic prion protein isoforms. 
Proc Natl Acad Sci U S A 1999;96:13044–13049.

49.	 Stahl N, Baldwin M, Teplow DB, et al. Cataloging post-trans-
lational modifications of the scrapie prion protein by mass 
spectrometry. In: Prusiner SB, Collinge J, Powell J, et al, eds. 
Prion diseases of humans and animals. New York: Ellis Horwood, 
1992;361–379.

50.	 Cohen FE, Pan KM, Huang Z, et al. Structural clues to prion 
replication. Science 1994;264:530–531.

51.	 Eigen M. Prionics or the kinetic basis of prion diseases. Biophys 
Chem 1996;63:A1–A18.

52.	 Harper JD, Lansbury PT Jr. Models of amyloid seeding in Al-
zheimer’s disease and scrapie: mechanistic truths and physi-
ological consequences of the time-dependent solubility of amy-
loid proteins. Annu Rev Biochem 1997;66:385–407.

53.	 Bessen RA, Marsh RF. Identification of two biologically distinct 
strains of transmissible mink encephalopathy in hamsters. J Gen 
Virol 1992;73:329–334.

54.	 Pattison IH, Millson GC. Scrapie produced experimentally in 
goats with special reference to the clinical syndrome. J Comp 
Pathol 1961;71:101–109.

55.	 Safar J, Wille H, Itri V, et al. Eight prion strains have PrP(Sc) 
molecules with different conformations. Nat Med 1998;4:1157–
1165.

56.	 Peretz D, Scott MR, Groth D, et al. Strain-specified relative con-
formational stability of the scrapie prion protein. Protein Sci 
2001;10:854–863.

57.	 Aguzzi A. Understanding the diversity of prions. Nat Cell Biol 
2004;6:290–292.

58.	 Kimberlin RH, Cole S, Walker CA. Transmissible mink en-
cephalopathy (TME) in Chinese hamsters: identification of two 
strains of TME and comparisons with scrapie. Neuropathol Appl 
Neurobiol 1986;12:197–206.

59.	 Kimberlin RH, Cole S, Walker CA. Temporary and permanent 
modifications to a single strain of mouse scrapie on transmis-
sion to rats and hamsters. J Gen Virol 1987;68:1875–1881.

60.	 Pattison IH. Experiments with scrapie with special reference to 
the nature of the agent and the pathology of the disease. In: 
Gajdusek CJ, Gibbs CJ, Alpers MP, eds. Slow, latent, and temper-
ate virus infections. Washington, DC: US Government Printing 
Office, 1965;249–257.

61.	 Castilla J, Gutierrez-Adan A, Brun A, et al. Subclinical bovine 
spongiform encephalopathy infection in transgenic mice ex-
pressing porcine prion protein. J Neurosci 2004;24:5063–5069.

62.	 Hill AF, Collinge J. Prion strains and species barriers. Contrib 
Microbiol 2004;11:33–49.

63.	 Hill AF, Joiner S, Linehan J, et al. Species-barrier-independent 
prion replication in apparently resistant species. Proc Natl Acad 
Sci U S A 2000;97:10248–10253.

64.	 Race R, Chesebro B. Scrapie infectivity found in resistant spe-
cies. Nature 1998;392:770.

65.	 Wadsworth JD, Asante EA, Desbruslais M, et al. Human prion 
protein with valine 129 prevents expression of variant CJD phe-
notype. Science 2004;306:1793–1796.

66.	 Pattison IH, Gordon WS, Millson GC. Experimental production 
of scrapie in goats. J Comp Pathol 1959;69:300–312.

67.	 Pattison IH, Jones KM. Modification of a strain of mouse-adapt-
ed scrapie by passage through rats. Res Vet Sci 1968;9:408–410.

68. 	 Brown P, Bradley R, Detwiler L, et al. Transmissible spongiform 
encephalopathy as a zoonotic disease. International Life Sciences 
Institute (ILSI) Europe report series. Brussels: ILSI Press, 2003. 
Available at: europe.ilsi.org/NR/rdonlyres/CE379ACA-33D7–
4BA1–A94C–75D12E730BB6/0/TSE.pdf. Accessed Nov 30, 
2008.

69.	 Horn G, Bobrow M, Bruce ME, et al. Review of the origin of BSE. 
London: Stationery Office, 2001;1–66. Available at: www.defra.
gov.uk/animalh/bse/publications/bseorigin.pdf. Accessed Nov 
30, 2008.

70.	 Konold T, Lee YH, Stack MJ, et al. Different prion disease phe-
notypes result from inoculation of cattle with two temporally 
separated sources of sheep scrapie from Great Britain. BMC Vet 
Res 2006;2:31.

71.	 Foster JD, Hope J, McConnell I, et al. Transmission of bovine 
spongiform encephalopathy to sheep, goats, and mice. Ann N Y 
Acad Sci 1994;724:300–303.

72.	 Foster JD, Hope J, Fraser H. Transmission of bovine spongiform 
encephalopathy to sheep and goats. Vet Rec 1993;133:339–341.

73.	 Fraser H, Foster J. Transmission to mice, sheep and goats and 
bioassay of bovine tissues. In: Bradley R, Marchant B, ed. Trans-
missible Spongiform Encephalopathy. A consultation on BSE with 
the Scientific Veterinary Committee of the Commission of the Euro-
pean Communities held in Brussels, 14–15 September 1993. Brus-
sels: European Commission Agriculture, 1994;145–159.

74.	 Bruce ME, Boyle A, Cousens S, et al. Strain characterization 
of natural sheep scrapie and comparison with BSE. J Gen Virol 
2002;83:695–704.

75.	 Cutlip RC, Miller JM, Race RE, et al. Intracerebral transmission 
of scrapie to cattle. J Infect Dis 1994;169:814–820.

76.	 Robinson MM, Hadlow WJ, Knowles DP, et al. Experimental in-
fection of cattle with the agents of transmissible mink encepha-
lopathy and scrapie. J Comp Pathol 1995;113:241–251.

77.	 Cutlip RC, Miller JM, Hamir AN, et al. Resistance of cattle to 
scrapie by the oral route. Can J Vet Res 2001;65:131–132.

78.	 Beringue V, Andreoletti O, Le Dur A, et al. A bovine prion 
acquires an epidemic bovine spongiform encephalopathy 
strain-like phenotype on interspecies transmission. J Neurosci 
2007;27:6965–6971.

79.	 Capobianco R, Casalone C, Suardi S, et al. Conversion of the 
BASE prion strain into the BSE strain: the origin of BSE? PLoS 
Pathog [serial online]. 2007;3:e31. Available at: www.plospatho-
gens.org/home.action. Accessed Nov 4, 2008.

80.	 Colchester AC, Colchester NT. The origin of bovine spongiform 
encephalopathy: the human prion disease hypothesis. Lancet 
2005;366:856–861.

81.	 Scott MR, Peretz D, Nguyen HO, et al. Transmission barriers 
for bovine, ovine, and human prions in transgenic mice. J Virol 
2005;79:5259–5271.

82.	 Stack MJ, Balachandran A, Chaplin M, et al. The first Canadian 
indigenous case of bovine spongiform encephalopathy (BSE) 
has molecular characteristics for prion protein that are similar 
to those of BSE in the United Kingdom but differ from those 
of chronic wasting disease in captive elk and deer. Can Vet J 
2004;45:825–830.

83.	 Hamir AN, Miller JM, Kunkle RA, et al. Susceptibility of cattle 
to first-passage intracerebral inoculation with chronic wasting 
disease agent from white-tailed deer. Vet Pathol 2007;44:487–
493.

84.	 Hamir AN, Kunkle RA, Miller JM, et al. Experimental second 
passage of chronic wasting disease (CWD(mule deer)) agent to 
cattle. J Comp Pathol 2006;134:63–69.

85.	 Hamir AN, Kunkle RA, Cutlip RC, et al. Experimental transmis-
sion of chronic wasting disease agent from mule deer to cattle 
by the intracerebral route. J Vet Diagn Invest 2005;17:276–281.

86.	 Hamir AN, Cutlip RC, Miller JM, et al. Preliminary findings on 
the experimental transmission of chronic wasting disease agent 
of mule deer to cattle. J Vet Diagn Invest 2001;13:91–96.

87.	 Gould DH, Voss JL, Miller MW, et al. Survey of cattle in northeast 
Colorado for evidence of chronic wasting disease: geographical 
and high-risk targeted sample. J Vet Diagn Invest 2003;15:274–
277.

88.	 Robinson MM. Experimental infections of cattle and mink with 
the agents of transmissible mink encephalopathy, scrapie, and 



68	 Vet Med Today: Zoonosis Update	 JAVMA, Vol 234, No. 1, January 1, 2009

bovine spongiform encephalopathy. In: Gibbs CJ, ed. Serono 
symposia USA. Bovine spongiform encephalopathy: the BSE di-
lemma. New York: Springer-Verlag, 1996;108–113.

89.	 Donnelly CA, Ferguson NM, Ghani AC, et al. The epidemiol-
ogy of BSE in cattle herds in Great Britain. I. Epidemiological 
processes, demography of cattle and approaches to control by 
culling. Philos Trans R Soc Lond B Biol Sci 1997;352:781–801.

90.	 Hoinville LJ, Wilesmith JW, Richards MS. An investigation of 
risk factors for cases of bovine spongiform encephalopathy born 
after the introduction of the ‘feed ban.’ Vet Rec 1995;136:312–
318.

91.	 Her Majesty’s Stationery Office. The bovine spongiform encepha-
lopathy order 1988. Statutory instrument 1988 No. 1039. Lon-
don: Her Majesty’s Stationery Office, 1988. Available at: www.
opsi.gov.uk/si/si1988/Uksi_19881039_en_1.htm. Accessed Nov 
30, 2008.

92.	 Veterinary Laboratories Agency. TSE surveillance statistics. 
Cattle. Age and related statistics. Confirmed cases of BSE born 
after 18 July 1988. September 1, 2008. Available at: www.defra.
gov.uk/vla/science/docs/sci_tse_stats_age.pdf. Accessed Nov 30, 
2008.

93.	 Stevenson MA, Morris RS, Lawson AB, et al. Area-level risks 
for BSE in British cattle before and after the July 1988 meat and 
bone meal feed ban. Prev Vet Med 2005;69:129–144.

94.	 Her Majesty’s Stationary Office. The bovine spongiform encepha-
lopathy order 1996. Statutory instrument 1996 No. 2007. Lon-
don: Her Majesty’s Stationary Office, 1996. Available at: www.
opsi.gov.uk/SI/si1996/Uksi_19962007_en_1.htm. Accessed Nov 
30, 2008.

95.	 Veterinary Laboratories Agency. TSE surveillance statistics. 
Cattle. Age and related statistics. Age at clinical onset in years 
by birth cohort. September 1, 2008. Available at: www.defra.
gov.uk/vla/science/docs/sci_tse_stats_age.pdf. Accessed Nov 30, 
2008.

96.	 Veterinary Laboratories Agency. TSE surveillance statistics. Cat-
tle. General statistics on BSE cases in Great Britain. September 
1, 2008. Available at: www.defra.gov.uk/vla/science/docs/sci_
tse_stats_gen.pdf. Accessed Nov 30, 2008.

97.	 Veterinary Laboratories Agency. TSE surveillance statistics. Cat-
tle. Age and related statistics. Confirmed cases of BSE in United 
Kingdom by year of birth where known. September 1, 2008. 
Available at: www.defra.gov.uk/vla/science/docs/sci_tse_stats_
age.pdf. Accessed Nov 30, 2008.

98.	 Hill W. Review of the evidence for the occurrence of ‘BARB’ BSE 
cases in cattle. Available at: www.defra.gov.uk/animalh/bse/pdf/
hillreport.pdf. Accessed Nov 30, 2008.

99.	 Gibbens N. Link between feed bins and BSE cases born after 
July 1996. Vet Rec 2005;157:782–783.

100.	 Lasmezas CI, Comoy E, Hawkins S, et al. Risk of oral infection 
with bovine spongiform encephalopathy agent in primates. Lan-
cet 2005;365:781–783.

101.	 Wells GA, Konold T, Arnold ME, et al. Bovine spongiform en-
cephalopathy: the effect of oral exposure dose on attack rate and 
incubation period in cattle. J Gen Virol 2007;88:1363–1373.

102.	 Donnelly CA, Ferguson NM, Ghani AC, et al. Analysis of dam-
calf pairs of BSE cases: confirmation of a maternal risk enhance-
ment. Proc Biol Sci 1997;264:1647–1656.

103.	 Wilesmith JW, Wells GA, Ryan JB, et al. A cohort study to ex-
amine maternally-associated risk factors for bovine spongiform 
encephalopathy. Vet Rec 1997;141:239–243.

104.	 Bradley R. Experimental transmission of bovine spongiform en-
cephalopathy. In: Courl L, Dodet B, eds. Transmissible sub-acute 
spongiform encephalopathies. Paris: Elsevier, 1996;51–56.

105.	 Buschmann A, Groschup MH. Highly bovine spongiform en-
cephalopathy-sensitive transgenic mice confirm the essential 
restriction of infectivity to the nervous system in clinically dis-
eased cattle. J Infect Dis 2005;192:934–942.

106.	 Everest SJ, Thorne LT, Hawthorn JA, et al. No abnormal prion 
protein detected in the milk of cattle infected with the bovine 
spongiform encephalopathy agent. J Gen Virol 2006;87:2433–
2441.

107.	 Middleton DJ, Barlow RM. Failure to transmit bovine spongi-
form encephalopathy to mice by feeding them with extraneural 
tissues of affected cattle. Vet Rec 1993;132:545–547.

108.	 Taylor DM, Ferguson CE, Bostock CJ, et al. Absence of disease 
in mice receiving milk from cows with bovine spongiform en-
cephalopathy. Vet Rec 1995;136:592.

109.	 Tyshenko MG. Bovine spongiform encephalopathy and the safe-
ty of milk from Canadian dairy cattle. Vet Rec 2007;160:215–
218.

110.	 Wrathall AE, Brown KF, Sayers AR, et al. Studies of embryo 
transfer from cattle clinically affected by bovine spongiform en-
cephalopathy (BSE). Vet Rec 2002;150:365–378.

111.	 Spongiform Encephalopathy Advisory Committee. Epidemio-
logical update on BARB BSE cases. SEAC 80/4. London: Spongi-
form Encephalopathy Advisory Committee, 2004. Available at: 
www.seac.gov.uk/papers/seac80_4.pdf. Accessed Nov 30, 2008.

112. Department for Environment, Food and Rural Affairs. The ex-
posure of British sheep and cattle to mites. SE1828. London: De-
partment for Environment, Food and Rural Affairs. Available at: 
randd.defra.gov.uk/Document.aspx?Document=SE1828_1174_
FRP.doc. Accessed Nov 30, 2008.

113.	 Gale P, Stanfield G. Towards a quantitative risk assessment for 
BSE in sewage sludge. J Appl Microbiol 2001;91:563–569.

114.	 Bateman D, Hilton D, Love S, et al. Sporadic Creutzfeldt-Jakob 
disease in a 18-year-old in the UK. Lancet 1995;346:1155–
1156.

115.	 Britton TC, al-Sarraj S, Shaw C, et al. Sporadic Creutzfeldt-Ja-
kob disease in a 16-year-old in the UK. Lancet 1995;346:1155.

116.	 Chazot G, Broussolle E, Lapras C, et al. New variant of 
Creutzfeldt-Jakob disease in a 26-year-old French man. Lancet 
1996;347:1181.

117.	 Murray K, Ritchie DL, Bruce M, et al. Sporadic Creutzfeldt-Ja-
kob disease in two adolescents. J Neurol Neurosurg Psychiatry 
2007;79:14–18.

118.	 Collinge J, Sidle KC, Meads J, et al. Molecular analysis of prion 
strain variation and the aetiology of ‘new variant’ CJD. Nature 
1996;383:685–690.

119.	 Bruce ME, Will RG, Ironside JW, et al. Transmissions to mice in-
dicate that ‘new variant’ CJD is caused by the BSE agent. Nature 
1997;389:498–501.

120.	 Matthews WB, Will RG. Creutzfeldt-Jakob disease in a lifelong 
vegetarian. Lancet 1981;2:937.

121.	 The European and Allied Countries Collaborative Study Group 
of CJD (EUROCJD). Total cases of CJD/GSS (deaths). Available 
at: www.eurocjd.ed.ac.uk/allcjd.htm. Accessed Nov 30, 2008.

122.	 Ladogana A, Puopolo M, Croes EA, et al. Mortality from 
Creutzfeldt-Jakob disease and related disorders in Europe, Aus-
tralia, and Canada. Neurology 2005;64:1586–1591.

123. Fourth case of transfusion-associated vCJD infection in the 
United Kingdom. Euro Surveill 2007;12:E070118.070114.

124.	 Llewelyn CA, Hewitt PE, Knight RS, et al. Possible transmission 
of variant Creutzfeldt-Jakob disease by blood transfusion. Lan-
cet 2004;363:417–421.

125.	 Peden AH, Head MW, Ritchie DL, et al. Preclinical vCJD after 
blood transfusion in a PRNP codon 129 heterozygous patient. 
Lancet 2004;364:527–529.

126.	 Wroe SJ, Pal S, Siddique D, et al. Clinical presentation and pre-
mortem diagnosis of variant Creutzfeldt-Jakob disease associat-
ed with blood transfusion: a case report. Lancet 2006;368:2061–
2067.

127.	 New case of transfusion-associated vCJD in the United King-
dom. Euro Surveill 2006;11:E060209.060202.

128.	 Bacchetti P. Age and variant Creutzfeldt-Jakob disease. Emerg 
Infect Dis 2003;9:1611–1612.

129.	 Boelle PY, Cesbron JY, Valleron AJ. Epidemiological evidence 
of higher susceptibility to vCJD in the young. BMC Infect Dis 
2004;4:26.

130.	 Heisey DM, Joly DO. Age and transmissible spongiform enceph-
alopathies. Emerg Infect Dis 2004;10:1164–1165.

131.	 Mead S. Prion disease genetics. Eur J Hum Genet 2006;14:273–
281.

132.	 Gajdusek DC, Gibbs CJ, Alpers M. Experimental transmission 
of a Kuru-like syndrome to chimpanzees. Nature 1966;209:794–
796.

133.	 Cervenakova L, Goldfarb LG, Garruto R, et al. Phenotype-geno-
type studies in kuru: implications for new variant Creutzfeldt-
Jakob disease. Proc Natl Acad Sci U S A 1998;95:13239–13241.



JAVMA, Vol 234, No. 1, January 1, 2009	 Vet Med Today: Zoonosis Update	 69

134.	 CDC. Rapidly progressive dementia in a patient who received 
a cadaveric dura mater graft. MMWR Morb Mortal Wkly Rep 
1987;36:49–50, 55.

135.	 Koch TK, Berg BO, De Armond SJ, et al. Creutzfeldt-Jakob dis-
ease in a young adult with idiopathic hypopituitarism. Possible 
relation to the administration of cadaveric human growth hor-
mone. N Engl J Med 1985;313:731–733.

136.	 Duffy P, Wolf J, Collins G, et al. Letter: possible person-to-per-
son transmission of Creutzfeldt-Jakob disease. N Engl J Med 
1974;290:692–693.

137.	 Belay ED, Schonberger LB. The public health impact of prion 
diseases. Annu Rev Public Health 2005;26:191–212.

138.	 Brown P, Preece M, Brandel JP, et al. Iatrogenic Creutzfeldt-Ja-
kob disease at the millennium. Neurology 2000;55:1075–1081.

139.	 Brown P, Brandel JP, Preece M, et al. Iatrogenic Creutzfeldt-Ja-
kob disease: the waning of an era. Neurology 2006;67:389–393.

140.	 Taylor DM. Inactivation of transmissible degenerative encepha-
lopathy agents: a review. Vet J 2000;159:10–17.

141.	 Bruce ME, McConnell I, Will RG, et al. Detection of variant 
Creutzfeldt-Jakob disease infectivity in extraneural tissues. Lan-
cet 2001;358:208–209.

142.	 Glatzel M, Giger O, Seeger H, et al. Variant Creutzfeldt-Jakob 
disease: between lymphoid organs and brain. Trends Microbiol 
2004;12:51–53.

143.	 Herzog C, Sales N, Etchegaray N, et al. Tissue distribution of 
bovine spongiform encephalopathy agent in primates after in-
travenous or oral infection. Lancet 2004;363:422–428.

144.	 Hilton DA, Ghani AC, Conyers L, et al. Accumulation of prion 
protein in tonsil and appendix: review of tissue samples. BMJ 
2002;325:633–634.

145.	 Ironside JW, Bishop MT, Connolly K, et al. Variant Creutzfeldt-
Jakob disease: prion protein genotype analysis of positive ap-
pendix tissue samples from a retrospective prevalence study. 
BMJ 2006;332:1186–1188.

146.	 Bishop MT, Hart P, Aitchison L, et al. Predicting susceptibility 
and incubation time of human-to-human transmission of vCJD. 
Lancet Neurol 2006;5:393–398.

147.	 Kirkwood JK, Cunningham AA. Epidemiological observations 
on spongiform encephalopathies in captive wild animals in the 
British Isles. Vet Rec 1994;135:296–303.

148.	 Cunningham AA, Wells GA, Scott AC, et al. Transmissible 
spongiform encephalopathy in greater kudu (Tragelaphus strep-
siceros). Vet Rec 1993;132:68.

149.	 Fleetwood AJ, Furley CW. Spongiform encephalopathy in an 
eland. Vet Rec 1990;126:408–409.

150.	 Jeffrey M, Wells GA. Spongiform encephalopathy in a nyala 
(Tragelaphus angasi). Vet Pathol 1988;25:398–399.

151.	 Kirkwood JK, Cunningham AA, Austin AR, et al. Spongiform 
encephalopathy in a greater kudu (Tragelaphus strepsiceros) in-
troduced into an affected group. Vet Rec 1994;134:167–168.

152.	 Kirkwood JK, Cunningham AA, Wells GA, et al. Spongiform 
encephalopathy in a herd of greater kudu (Tragelaphus strep-
siceros): epidemiological observations. Vet Rec 1993;133:360–
364.

153.	 Kirkwood JK, Wells GA, Cunningham AA, et al. Scrapie-like 
encephalopathy in a greater kudu (Tragelaphus strepsiceros) 
which had not been fed ruminant-derived protein. Vet Rec 
1992;130:365–367.

154.	 Kirkwood JK, Wells GA, Wilesmith JW, et al. Spongiform en-
cephalopathy in an arabian oryx (Oryx leucoryx) and a greater 
kudu (Tragelaphus strepsiceros). Vet Rec 1990;127:418–420.

155.	 Seuberlich T, Botteron C, Wenker C, et al. Spongiform encepha-
lopathy in a miniature zebu. Emerg Infect Dis 2006;12:1950–
1953.

156.	 Matthews D, Cooke BC. The potential for transmissible spongi-
form encephalopathies in non-ruminant livestock and fish. Rev 
Sci Tech 2003;22:283–296.

157.	 Veterinary Laboratories Agency. TSE surveillance statistics. Ex-
otic species and domestic cat surveillance statistics. Available 
at: www.defra.gov.uk/vla/science/docs/sci_tse_stats_exotic.pdf. 
Accessed Nov 30, 2008.

158. 	The TSE community reference laboratory strain typing expert 
group (STEG). Summary of the STEG opinion on three isolates (05–
0825 and 06–0017 from France; 204163425 from Cyprus) referred to 

the group following the identification of unusual molecular profiles on 
discriminatory Western blot (as required in EU Regulation 36/2005.). 
MEMO/06/113. Brussels: European Union, 2006. Available at: 
europa.eu/rapid/pressReleasesAction.do?reference=MEMO/06/
113&format=HTML&aged=0&language=EN&guiLanguage=fr. 
Accessed Nov 30, 2008.

159.	 Dustan BH, Spencer YI, Casalone C, et al. A histopathologic and 
immunohistochemical review of archived UK caprine scrapie 
cases. Vet Pathol 2008;45:443–454.

160.	 Eloit M, Adjou K, Coulpier M, et al. BSE agent signatures in a 
goat. Vet Rec 2005;156:523–524.

161.	 Baron T, Crozet C, Biacabe AG, et al. Molecular analysis of the 
protease-resistant prion protein in scrapie and bovine spongi-
form encephalopathy transmitted to ovine transgenic and wild-
type mice. J Virol 2004;78:6243–6251.

162.	 Bellworthy SJ, Hawkins SA, Green RB, et al. Tissue distribution 
of bovine spongiform encephalopathy infectivity in Romney 
sheep up to the onset of clinical disease after oral challenge. Vet 
Rec 2005;156:197–202.

163.	 Gonzalez L, Martin S, Houston FE, et al. Phenotype of disease-
associated PrP accumulation in the brain of bovine spongiform 
encephalopathy experimentally infected sheep. J Gen Virol 
2005;86:827–838.

164.	 Wells GA, Hawkins SA, Austin AR, et al. Studies of the trans-
missibility of the agent of bovine spongiform encephalopathy to 
pigs. J Gen Virol 2003;84:1021–1031.

165.	 Ryder SJ, Hawkins SA, Dawson M, et al. The neuropathology 
of experimental bovine spongiform encephalopathy in the pig.  
J Comp Pathol 2000;122:131–143.

166.	 Dagleish MP, Martin S, Steele P, et al. Experimental transmission 
of bovine spongiform encephalopathy to European red deer 
(Cervus elaphus elaphus). BMC Vet Res 2008;4:17.

167.	 Vorberg I, Groschup MH, Pfaff E, et al. Multiple amino acid 
residues within the rabbit prion protein inhibit formation of its 
abnormal isoform. J Virol 2003;77:2003–2009.

168.	 Pearson GR, Gruffydd-Jones TJ, Wyatt JM, et al. Feline spongi-
form encephalopathy. Vet Rec 1991;128:532.

169.	 Wyatt JM, Pearson GR, Smerdon TN, et al. Naturally occurring 
scrapie-like spongiform encephalopathy in five domestic cats. 
Vet Rec 1991;129:233–236.

170.	 Baron T, Belli P, Madec JY, et al. Spongiform encephalopathy in 
an imported cheetah in France. Vet Rec 1997;141:270–271.

171.	 Peet RL, Curran JM. Spongiform encephalopathy in an import-
ed cheetah (Acinonyx jubatus). Aust Vet J 1992;69:171.

172.	 Willoughby K, Kelly DF, Lyon DG, et al. Spongiform  
encephalopathy in a captive puma (Felis concolor). Vet Rec 
1992;131:431–434.

173.	 Lysek DA, Schorn C, Nivon LG, et al. Prion protein NMR struc-
tures of cats, dogs, pigs, and sheep. Proc Natl Acad Sci U S A 
2005;102:640–645.

174.	 Richt JA, Kunkle RA, Alt D, et al. Identification and character-
ization of two bovine spongiform encephalopathy cases diag-
nosed in the United States. J Vet Diagn Invest 2007;19:142–154.

175.	 De Bosschere H, Roels S, Vanopdenbosch E. Atypical case of 
bovine spongiform encephalopathy in an East-Flemish cow in 
Belgium. Int J Appl Res Vet Med 2004;2:52–54.

176.	 Biacabe AG, Laplanche JL, Ryder S, et al. Distinct molecular 
phenotypes in bovine prion diseases. EMBO Rep 2004;5:110–
115.

177.	 Casalone C, Zanusso G, Acutis P, et al. Identification of a sec-
ond bovine amyloidotic spongiform encephalopathy: molecular 
similarities with sporadic Creutzfeldt-Jakob disease. Proc Natl 
Acad Sci U S A 2004;101:3065–3070.

178.	 Yamakawa Y, Hagiwara K, Nohtomi K, et al. Atypical pro-
teinase K-resistant prion protein (PrPres) observed in an ap-
parently healthy 23-month-old Holstein steer. Jpn J Infect Dis 
2003;56:221–222.

179.	 Hagiwara K, Yamakawa Y, Sato Y, et al. Accumulation of mono-
glycosylated form-rich, plaque-forming PrP(Sc) in the second 
atypical bovine spongiform encephalopathy case in Japan. Jpn J 
Infect Dis 2007;60:305–308.

180.	 Polak MP, Zmudzinski JF, Jacobs JG, et al. Atypical status of bo-
vine spongiform encephalopathy in Poland: a molecular typing 
study. Arch Virol 2007;153:69–79.



70	 Vet Med Today: Zoonosis Update	 JAVMA, Vol 234, No. 1, January 1, 2009

181.	 Terry LA, Jenkins R, Thorne L, et al. First case of H-type bovine 
spongiform encephalopathy identified in Great Britain. Vet Rec 
2007;160:873–874.

182.	 Beringue V, Bencsik A, Le Dur A, et al. Isolation from cattle of 
a prion strain distinct from that causing bovine spongiform en-
cephalopathy. PLoS Pathog [serial online]. 2006;2:e112. Avail-
able at: www.plospathogens.org/home.action. Accessed Nov 4, 
2008.

183.	 Buschmann A, Gretzschel A, Biacabe AG, et al. Atypical BSE in 
Germany—proof of transmissibility and biochemical character-
ization. Vet Microbiol 2006;117:103–116.

184.	 Gavier-Widen D, Noremark M, Langeveld JP, et al. Bovine spon-
giform encephalopathy in Sweden: an H-type variant. J Vet Di-
agn Invest 2008;20:2–10.

185.	 Department of Health and Human Services, CDC. BSE (bovine 
spongiform encephalopathy, or mad cow disease). Available at: 
www.cdc.gov/ncidod/dvrd/bse/. Accessed Nov 30, 2008.

186.	 Bruce M, Chree A, McConnell I, et al. Transmission of bovine 
spongiform encephalopathy and scrapie to mice: strain varia-
tion and the species barrier. Philos Trans R Soc Lond B Biol Sci 
1994;343:405–411.

187.	 Fraser H, Bruce ME, Chree A, et al. Transmission of bovine 
spongiform encephalopathy and scrapie to mice. J Gen Virol 
1992;73:1891–1897.

188.	 Jacobs JG, Langeveld JP, Biacabe AG, et al. Molecular discrimi-
nation of atypical bovine spongiform encephalopathy strains 
from a geographical region spanning a wide area in Europe.  
J Clin Microbiol 2007;45:1821–1829.

189.	 Lombardi G, Casalone C, D’Angelo A, et al. Intraspecies trans-
mission of BASE induces clinical dullness and amyotrophic 
changes. PLoS Pathog [serial online]. 2008;4:e1000075. Avail-
able at: www.plospathogens.org/home.action. Accessed Nov 4, 
2008.

190.	 Comoy EE, Casalone C, Lescoutra-Etchegaray N, et al. Atypical 
BSE (BASE) transmitted from asymptomatic aging cattle to a 
primate. PLoS ONE [serial online]. 2008;3:e3017. Available at: 
www.plosone.org/home.action. Accessed Nov 4, 2008.

191.	 Kong Q, Zheng M, Casalone C, et al. Evaluation of the human 
transmission risk of an atypical bovine spongiform encephalopathy 
prion strain. J Virol 2008;82:3697–3701.

192.	 Brown P, McShane LM, Zanusso G, et al. On the question of 
sporadic or atypical bovine spongiform encephalopathy and 
Creutzfeldt-Jakob disease. Emerg Infect Dis 2006;12:1816–
1821.

193.	 Biacabe AG, Morignat E, Vulin J, et al. Atypical bovine spon-
giform encephalopathies, France, 2001–2007. Emerg Infect Dis 
2008;14:298–300.

194.	 Brunelle BW, Hamir AN, Baron T, et al. Polymorphisms of the 
prion gene promoter region that influence classical BSE suscep-
tibility are not applicable to other transmissible spongiform en-
cephalopathies in cattle. J Anim Sci 2007;85:3142–3147.

195.	 Heaton MP, Keele JW, Harhay GP, et al. Prevalence of the 
prion protein gene E211K variant in US cattle. BMC Vet Res 
2008;4:25.

196.	 Nicholson EM, Brunelle BW, Richt JA, et al. Identification of a 
heritable polymorphism in bovine PRNP associated with genet-
ic transmissible spongiform encephalopathy: evidence of heri-
table BSE. PLoS ONE [serial online]. 2008;3:e2912. Available at: 
www.plosone.org/home.action. Accessed Nov 4, 2008.

197.	 Richt JA, Hall SM. BSE case associated with prion protein gene 
mutation. PLoS Pathog [serial online]. 2008;4:e1000156. Avail-
able at: www.plospathogens.org/home.action. Accessed Nov 4, 
2008.

198.	 Clawson ML, Richt JA, Baron T, et al. Association of a bovine 
prion gene haplotype with atypical BSE. PLoS ONE [serial on-
line]. 2008;3:e1830. Available at: www.plosone.org/home.ac-
tion. Accessed Nov 4, 2008.

199.	 Marsh RF, Bessen RA, Lehmann S, et al. Epidemiological and 
experimental studies on a new incident of transmissible mink 
encephalopathy. J Gen Virol 1991;72:589–594.

200.	 Robinson MM. An assessment of transmissible mink encepha-
lopathy as an indicator of bovine scrapie in US cattle. In: Gibbs 
CJ, ed. Serono symposia USA. Bovine spongiform encephalopathy: 
the BSE dilemma. New York: Springer-Verlag, 1996;97–107.

201.	 Robinson MM, Hadlow WJ, Huff TP, et al. Experimental infec-
tion of mink with bovine spongiform encephalopathy. J Gen Vi-
rol 1994;75:2151–2155.

202.	 Baron T, Bencsik A, Biacabe AG, et al. Phenotypic similarity of 
transmissible mink encephalopathy in cattle and L-type bovine 
spongiform encephalopathy in a mouse model. Emerg Infect Dis 
2007;13:1887–1894.

203.	 Anderson RM, Donnelly CA, Ferguson NM, et al. Transmis-
sion dynamics and epidemiology of BSE in British cattle. Nature 
1996;382:779–788.

204.	 Ferguson NM, Donnelly CA, Woolhouse ME, et al. The epide-
miology of BSE in cattle herds in Great Britain. II. Model con-
struction and analysis of transmission dynamics. Philos Trans R 
Soc Lond B Biol Sci 1997;352:803–838.

205.	 Supervie V, Costagliola D. The unrecognised French BSE epi-
demic. Vet Res 2004;35:349–362.

206.	 Nicholson EM, Richt JA, Rasmussen MA, et al. Exposure of 
sheep scrapie brain homogenate to rumen-simulating condi-
tions does not result in a reduction of PrP(Sc) levels. Lett Appl 
Microbiol 2007;44:631–636.

207.	 Scherbel C, Pichner R, Groschup MH, et al. Infectivity of scra-
pie prion protein (PrP(Sc)) following in vitro digestion with 
bovine gastrointestinal microbiota. Zoonoses Public Health 
2007;54:185–190.

208.	 Wilesmith JW, Ryan JB, Hueston WD. Bovine spongiform en-
cephalopathy: case-control studies of calf feeding practices and 
meat and bonemeal inclusion in proprietary concentrates. Res 
Vet Sci 1992;52:325–331.

209.	 Hills D, Schlaepfer J, Comincini S, et al. Sequence variation in 
the bovine and ovine PRNP genes. Anim Genet 2003;34:183–
190.

210.	 Seabury CM, Honeycutt RL, Rooney AP, et al. Prion protein gene 
(PRNP) variants and evidence for strong purifying selection in 
functionally important regions of bovine exon 3. Proc Natl Acad 
Sci U S A 2004;101:15142–15147.

211.	 Sander P, Hamann H, Pfeiffer I, et al. Analysis of sequence vari-
ability of the bovine prion protein gene (PRNP) in German 
cattle breeds. Neurogenetics 2004;5:19–25.

212.	 Curnow RN, Hau CM. The incidence of bovine spongiform en-
cephalopathy in the progeny of affected sires and dams. Vet Rec 
1996;138:407–408.

213.	 Hau CM, Curnow RN. Separating the environmental and ge-
netic factors that may be causes of bovine spongiform encepha-
lopathy. Philos Trans R Soc Lond B Biol Sci 1996;351:913–920.

214.	 Hunter N, Goldmann W, Smith G, et al. Frequencies of PrP gene 
variants in healthy cattle and cattle with BSE in Scotland. Vet Rec 
1994;135:400–403.

215.	 Wijeratne WV, Curnow RN. A study of the inheritance of 
susceptibility to bovine spongiform encephalopathy. Vet Rec 
1990;126:5–8.

216.	 Wijeratne WV, Curnow RN. Inheritance of BSE. Vet Rec 1990; 
126:176.

217.	 Saunders GC, Griffiths PC, Cawthraw S, et al. Polymorphisms of 
the prion protein gene coding region in born-after-the-reinforced-
ban (BARB) bovine spongiform encephalopathy cattle in Great 
Britain. J Gen Virol 2007;88:1374–1378.

218.	 Haase B, Doherr MG, Seuberlich T, et al. PRNP promoter poly-
morphisms are associated with BSE susceptibility in Swiss and 
German cattle. BMC Genet [serial online]. 2007;8:15. Available 
at: www.biomedcentral.com/bmcgenet/. Accessed Nov 4, 2008.

219.	 Juling K, Schwarzenbacher H, Williams JL, et al. A major ge-
netic component of BSE susceptibility. BMC Biol [serial online]. 
2006;4:33. Available at: www.biomedcentral.com/bmcbiol/. Ac-
cessed Nov 4, 2008.

220.	 Sander P, Hamann H, Drogemuller C, et al. Bovine prion pro-
tein gene (PRNP) promoter polymorphisms modulate PRNP 
expression and may be responsible for differences in bo-
vine spongiform encephalopathy susceptibility. J Biol Chem 
2005;280:37408–37414.

221.	 World Organisation for Animal Health (OIE). Chapter 2.3.13: 
bovine spongiform encephalopathy. In: Manual of diagnostic 
tests and vaccines for terrestrial animals. Paris: World Organisa-
tion for Animal Health (OIE), 2004. Available at: www.oie.int/
eng/normes/mmanual/A_00064.htm. Accessed Nov 30, 2008.



JAVMA, Vol 234, No. 1, January 1, 2009	 Vet Med Today: Zoonosis Update	 71

222.	 Arnold ME, Wilesmith JW. Estimation of the age-dependent risk 
of infection to BSE of dairy cattle in Great Britain. Prev Vet Med 
2004;66:35–47.

223.	 Espinosa JC, Morales M, Castilla J, et al. Progression of prion 
infectivity in asymptomatic cattle after oral bovine spongiform 
encephalopathy challenge. J Gen Virol 2007;88:1379–1383.

224.	 Hoffmann C, Ziegler U, Buschmann A, et al. Prions spread via 
the autonomic nervous system from the gut to the central ner-
vous system in cattle incubating bovine spongiform encepha-
lopathy. J Gen Virol 2007;88:1048–1055.

225.	 Kimura K, Haritani M. Distribution of accumulated prion pro-
tein in a cow with bovine spongiform encephalopathy. Vet Rec 
2008;162:822–825.

226. European Commission Health and Consumer Protection Di-
rectorate-General Scientific Steering Committee. Update of the 
opinion on TSE infectivity distribution in ruminant tissues. 
Initially adopted on 10–11 January 2002 and amended on 7–8 
November 2002 following the submission of (1) a risk assess-
ment by the German Federal Ministry of Consumer Protection, 
Food and Agriculture and (2) new scientific advice regarding 
BSE infectivity distribution in tonsils. Brussels: European Com-
mission, 2002. Available at: europa.eu.int/comm/food/fs/sc/ssc/
out296_en.pdf. Accessed Nov 30, 2008.

227.	 Wells GA, Hawkins SA, Green RB, et al. Preliminary observa-
tions on the pathogenesis of experimental bovine spongiform 
encephalopathy (BSE): an update. Vet Rec 1998;142:103–106.

228.	 Terry LA, Marsh S, Ryder SJ, et al. Detection of disease-specific 
PrP in the distal ileum of cattle exposed orally to the agent of 
bovine spongiform encephalopathy. Vet Rec 2003;152:387–392.

229.	 European Commission Health and Consumer Protection Direc-
torate-General Scientific Steering Committee. Opinion on BSE 
risk of the bovine autonomic nervous system. Adopted by the 
Scientific Steering Committee at its meeting of 6–7 March 2003. 
Brussels: European Commission, 2003. Available at: europa.
eu.int/comm/food/fs/sc/ssc/out318_en.pdf. Accessed Nov 30, 
2008.

230.	 Iwata N, Sato Y, Higuchi Y, et al. Distribution of PrP(Sc) in cattle 
with bovine spongiform encephalopathy slaughtered at abat-
toirs in Japan. Jpn J Infect Dis 2006;59:100–107.

231.	 Masujin K, Matthews D, Wells GA, et al. Prions in the peripher-
al nerves of bovine spongiform encephalopathy-affected cattle.  
J Gen Virol 2007;88:1850–1858.

232.	 Cunningham AA, Kirkwood JK, Dawson M, et al. Bovine spon-
giform encephalopathy infectivity in greater kudu (Tragelaphus 
strepsiceros). Emerg Infect Dis 2004;10:1044–1049.

233.	 van Keulen LJ, Schreuder BE, Meloen RH, et al. Immunohisto-
chemical detection of prion protein in lymphoid tissues of sheep 
with natural scrapie. J Clin Microbiol 1996;34:1228–1231.

234.	 van Keulen LJ, Vromans ME, van Zijderveld FG. Early and 
late pathogenesis of natural scrapie infection in sheep. APMIS 
2002;110:23–32.

235.	 Williams ES, Miller MW. Chronic wasting disease in deer and 
elk in North America. Rev Sci Tech 2002;21:305–316.

236.	 Wells GA, Dawson M, Hawkins SA, et al. Infectivity in the ileum of 
cattle challenged orally with bovine spongiform encephalopathy. 
Vet Rec 1994;135:40–41.

237.	 Wells GAH, Kretzschmer HA. Pathogenesis, tissue infectivity 
distribution and specified risk materials. In: Vossen P, Kreysa J, 
Goll M, eds. Overview of the BSE risk assessments of the European 
Commission’s Scientific Steering Committee (SSC) and its TSE/
BSE ad hoc group. Brussels: European Commission, 2003;75–
84. Available at: ec.europa.eu/food/fs/sc/ssc/out364_en.pdf.  
Accessed Nov 30, 2008.

238.	 Brown P, Cervenakova L, McShane LM, et al. Further studies 
of blood infectivity in an experimental model of transmissible 
spongiform encephalopathy, with an explanation of why blood 
components do not transmit Creutzfeldt-Jakob disease in hu-
mans. Transfusion 1999;39:1169–1178.

239.	 Cervenakova L, Yakovleva O, McKenzie C, et al. Similar levels 
of infectivity in the blood of mice infected with human-derived 
vCJD and GSS strains of transmissible spongiform encephalopa-
thy. Transfusion 2003;43:1687–1694.

240.	 Kimberlin RH. Bovine spongiform encephalopathy and public 
health: some problems and solutions in assessing the risk. In: 

Court L, Dodet B, eds. 3rd International Symposium on Trans-
missible Subacute Spongiform Encephalopathies: Prion Diseases, 
March 18–20, 1996, Paris. Amsterdam: Elsevier, 1996;487–502.

241.	 Wells GA, Hawkins SA, Green RB, et al. Limited detection of 
sternal bone marrow infectivity in the clinical phase of ex-
perimental bovine spongiform encephalopathy (BSE). Vet Rec 
1999;144:292–294.

242.	 Safar JG, Scott M, Monaghan J, et al. Measuring prions caus-
ing bovine spongiform encephalopathy or chronic wasting 
disease by immunoassays and transgenic mice. Nat Biotechnol 
2002;20:1147–1150.

243.	 Grassi J, Maillet S, Simon S, et al. Progress and limits of TSE 
diagnostic tools. Vet Res 2008;39:33.

244.	 Commission Regulation (EC) No 253/2006 of 14 February 
2006 amending Regulation (EC) No 999/2001 of the European 
Parliament and of the Council as regards rapid tests and mea-
sures for the eradication of TSEs in ovine and caprine animals. 
Off J Eur Union [serial online]. 2006;49:L 44/9–L 44/12. Avail-
able at: eur-lex.europa.eu/LexUriServ/site/en/oj/2006/l_044/l_
04420060215en00090012.pdf. Accessed Nov 30, 2008.

245.	 European Food Safety Authority. EFSA Scientific Report (2005) 
48, 1–10 on the Evaluation of Two Rapid post mortem BSE Tests. 
Scientific Report of the European Food Safety Authority on the Eval-
uation of two Rapid post mortem BSE Tests. Question N° EFSA-Q-
2003–084. Adopted on 2 September 2005. Parma, Italy: European 
Food Safety Authority, 2005. Available at: www.efsa.eu.int/cs/
BlobServer/Scientific_Document/biohaz_sr_ej48_bsetests_fu-
jirebioldl_en1.pdf?ssbinary=true. Accessed Nov 30, 2008.

246.	 Deslys JP, Comoy E, Hawkins S, et al. Screening slaughtered 
cattle for BSE. Nature 2001;409:476–478.

247.	 Philipp W, van Iwaarden P, Goll M, et al. The evaluation of 10 
rapid post mortem tests for the diagnosis of transmissible spongi-
form encephalopathy in bovines. Geel, Belgium: European Com-
mission, Joint Research Centre, Institute for Reference Materials 
and Measurements, 2004. Available at: www.irmm.jrc.be/html/
activities/TSE_testing/phaseIBSEtestevaluation2004global-
report.pdf. Accessed Nov 30, 2008.

248.	 Philipp W, Vodrazka P. The field trial of seven new rapid post 
mortem tests for the diagnosis of bovine spongiform encepha-
lopathy in bovines. Geel, Belgium: European Commission, 
Joint Research Centre, Institute for Reference Materials and 
Measurements, 2004. Available at: www.irmm.jrc.be/html/ac-
tivities/TSE_testing/GlobalreportphaseII.pdf. Accessed Nov 30, 
2008.

249.	 Graber HU, Meyer RK, Fatzer R, et al. In situ hybridization 
and immunohistochemistry for prion protein (PrP) in bovine 
spongiform encephalopathy (BSE). Zentralbl Veterinarmed [A] 
1995;42:453–459.

250.	 Katz JB, Shafer AL, Miller JM. Production of antiserum for the 
diagnosis of scrapie and bovine spongiform encephalopathy us-
ing a baculovirus-expressed prion protein antigen. J Vet Diagn 
Invest 1995;7:245–247.

251.	 Wells GA, Spencer YI, Haritani M. Configurations and topo-
graphic distribution of PrP in the central nervous system in 
bovine spongiform encephalopathy: an immunohistochemical 
study. Ann N Y Acad Sci 1994;724:350–352.

252.	 Beekes M, Baldauf E, Cassens S, et al. Western blot mapping of 
disease-specific amyloid in various animal species and humans 
with transmissible spongiform encephalopathies using a high-
yield purification method. J Gen Virol 1995;76:2567–2576.

253.	 Farquhar CF, Somerville RA, Ritchie LA. Post-mortem immu-
nodiagnosis of scrapie and bovine spongiform encephalopathy.  
J Virol Methods 1989;24:215–221.

254.	 Hope J, Reekie LJ, Hunter N, et al. Fibrils from brains of cows 
with new cattle disease contain scrapie-associated protein. Na-
ture 1988;336:390–392.

255.	 Simon S, Nugier J, Morel N, et al. Rapid typing of transmissible 
spongiform encephalopathy strains with differential ELISA. 
Emerg Infect Dis 2008;14:608–616.

256.	 Monleon E, Monzon M, Hortells P, et al. Detection of PrP(sc) 
in samples presenting a very advanced degree of autolysis (BSE 
liquid state) by immunocytochemistry. J Histochem Cytochem 
2003;51:15–18.

257.	 Wear A, Henderson K, Webster K, et al. A comparison of rapid 



72	 Vet Med Today: Zoonosis Update	 JAVMA, Vol 234, No. 1, January 1, 2009

bovine spongiform encephalopathy testing methods on auto-
lyzed bovine brain tissue. J Vet Diagn Invest 2005;17:99–102.

258.	 Jones M, Peden A, Prowse C, et al. In vitro amplification and 
detection of variant Creutzfeldt-Jakob disease PrP(Sc). J Pathol 
2007;213:21–26.

259.	 Kurt TD, Perrott MR, Wilusz CJ, et al. Efficient in vitro amplification 
of chronic wasting disease PrPRES. J Virol 2007;81:9605–9608.

260.	 Saborio GP, Permanne B, Soto C. Sensitive detection of patho-
logical prion protein by cyclic amplification of protein misfold-
ing. Nature 2001;411:810–813.

261.	 Soto C, Anderes L, Suardi S, et al. Pre-symptomatic detection of 
prions by cyclic amplification of protein misfolding. FEBS Lett 
2005;579:638–642.

262.	 Vilette D. Cell models of prion infection. Vet Res 2007;39:10.
263.	 Onisko BC, Silva CJ, Dynin I, et al. Sensitive, preclinical de-

tection of prions in brain by nanospray liquid chromatogra-
phy/tandem mass spectrometry. Rapid Commun Mass Spectrom 
2007;21:4023–4026.

264.	 Sigurdson CJ, Nilsson KP, Hornemann S, et al. Prion strain 
discrimination using luminescent conjugated polymers. Nat 
Methods 2007;4;1023–1030.

265.	 Tcherkasskaya O, Davidson EA, Schmerr MJ, et al. Conforma-
tional biosensor for diagnosis of prion diseases. Biotechnol Lett 
2005;27:671–675.

266.	 Committee on Transmissible Spongiform Encephalopathies: As-
sessment of Relevant Science. Chapter 4. Diagnostics for trans-
missible spongiform encephalopathies In: Erdtmann R, Sivitz 
L, eds. Advancing prion science: guidance for the National Prion 
Research Program. Washington, DC: The National Academies 
Press, 2004;67–96.

267.	 Committee of the Inquiry. The BSE inquiry: the inquiry into BSE 
and vCJD in the United Kingdom. Evidence: materials. M-12 
rendering. 12. Exports of meal of meat and meat offal; greaves. 
Available at: www.bseinquiry.gov.uk/files/mb/m12/tab12.pdf. 
Accessed Nov 30, 2008.

268.	 Doherr MG, Heim D, Fatzer R, et al. Targeted screening of high-
risk cattle populations for BSE to augment mandatory reporting 
of clinical suspects. Prev Vet Med 2001;51:3–16.

269.	 Ducrot C, Roy P, Morignat E, et al. How the surveillance sys-
tem may bias the results of analytical epidemiological studies on 
BSE: prevalence among dairy versus beef suckler cattle breeds in 
France. Vet Res 2003;34:185–192.

270.	 Cashman NR. Transmissible spongiform encephalopathies: vac-
cine issues. Dev Biol (Basel) 2001;106:455–459.

271.	 Center for Biologics Evaluation and Research, US FDA. CBER 
and FDA guidance on sourcing of bovine derived raw materials. 
Available at: www.fda.gov/CbER/bse/bse.htm#bsegde. Accessed 
Nov 30, 2008.

272.	 World Organisation for Animal Health (OIE). Recognition of 
the bovine spongiform encephalopathy status of member coun-

tries. Available at: www.oie.int/eng/info/en_statesb.htm?e1d6. 
Accessed Nov 30, 2008.

273.	 Taylor DM. Resistance of transmissible spongiform encephalop-
athy agents to decontamination. Contrib Microbiol 2004;11:136–
145.

274.	 Peretz D, Supattapone S, Giles K, et al. Inactivation of prions by 
acidic sodium dodecyl sulfate. J Virol 2006;80:322–331.

275.	 Taylor DM. Preventing accidental transmission of human 
transmissible spongiform encephalopathies. Br Med Bull 2003; 
66:293–303.

276.	 Taylor DM, Fernie K, McConnell I, et al. Observations on ther-
mostable subpopulations of the unconventional agents that 
cause transmissible degenerative encephalopathies. Vet Micro-
biol 1998;64:33–38.

277.	 Brown P, Liberski PP, Wolff A, et al. Resistance of scrapie in-
fectivity to steam autoclaving after formaldehyde fixation and 
limited survival after ashing at 360 degrees C: practical and 
theoretical implications. J Infect Dis 1990;161:467–472.

278.	 Brown P, Rohwer RG, Green EM, et al. Effect of chemicals, heat, 
and histopathologic processing on high-infectivity hamster-
adapted scrapie virus. J Infect Dis 1982;145:683–687.

279.	 Prusiner SB, Groth D, Serban A, et al. Attempts to restore scra-
pie prion infectivity after exposure to protein denaturants. Proc 
Natl Acad Sci U S A 1993;90:2793–2797.

280.	 Brown P, Rau EH, Lemieux P, et al. Infectivity studies of both 
ash and air emissions from simulated incineration of scrapie-
contaminated tissues. Environ Sci Technol 2004;38:6155–6160.

281.	 Ernst DR, Race RE. Comparative analysis of scrapie agent inac-
tivation methods. J Virol Methods 1993;41:193–201.

282.	 Race RE, Raymond GJ. Inactivation of transmissible spongi-
form encephalopathy (prion) agents by environ LpH. J Virol 
2004;78:2164–2165.

283.	 Lemmer K, Mielke M, Pauli G, et al. Decontamination of sur-
gical instruments from prion proteins: in vitro studies on the 
detachment, destabilization and degradation of PrPSc bound to 
steel surfaces. J Gen Virol 2004;85:3805–3816.

284.	 Laboratory Safety and Waste Disposal Committee and Patholo-
gy Committee. Best management practices for handling suspect 
biosafety level 2 animal transmissible spongiform encephalopa-
thy (TSE) diagnostic samples (scrapie, chronic wasting disease 
and transmissible encephalopathy) in animal health laborato-
ries. Davis, Calif: American Association of Veterinary Labora-
tory Diagnosticians, 2005. Available at: data.memberclicks.com/
site/aavld/Best_Management_TSE.pdf. Accessed Nov 30, 2008.

285.	 World Health Organization. WHO infection control guidelines 
for transmissible spongiform encephalopathies. Report of a WHO 
consultation, Geneva, Switzerland, 23–26 March 1999. WHO/
CDS/CSR/APH/2000/3. Geneva: World Health Organization, 
2000. Available at: www.who.int/csr/resources/publications/bse/
whocdscsraph2003.pdf. Accessed Nov 30, 2008.


