
 

www.cfsph.iastate.edu  © 2003-2016 page 1 of 18 

Transmissible 
Spongiform 

Encephalopathies 
of Animals 

Last Updated: October 2016 

Importance 

Transmissible spongiform encephalopathies (TSEs) are neurodegenerative 

diseases caused by prions. Although these infections usually remain asymptomatic for 

years, the disease is always progressive and fatal once the clinical signs develop. TSEs 

affecting animals include scrapie (tremblante de mouton, rida), bovine spongiform 

encephalopathy (BSE, “mad cow disease”), feline spongiform encephalopathy (FSE), 

transmissible mink encephalopathy (TME, mink scrapie) and chronic wasting disease 

(CWD). Although some prion diseases usually occur in one or a few closely related 

species, other prions can cross species barriers. BSE has a particularly wide host range. 

Cattle are the primary hosts for this disease, but some other ruminants, cats, lemurs and 

humans can also be affected; in cats, the disease is known as feline spongiform 

encephalopathy and in humans, it is called variant Creutzfeldt-Jakob disease (vCJD). 

Some evidence also suggests that TME might be a caused by an atypical variant of the 

BSE agent called L-BSE. The discovery that BSE can cross species barriers and is 

zoonotic has raised concerns about all TSEs. Prion diseases in livestock can also result 

in trade sanctions. For these reasons, many countries are conducting control or 

eradication programs. 

This document contains general information about the various prion diseases found 

in animals. Additional details can be found in the individual factsheet for each disease. 

Etiology 

Transmissible spongiform encephalopathies are caused by prions, infectious 

proteins that appear to replicate by converting a normal cellular protein into copies of 

the prion. The cellular protein, which is called PrPc, is found on the surface of neurons. 

Pathogenic isoforms of PrPc are designated PrPres (‘res’ refers to the proteinase K-

resistant nature of prions, compared to normal PrPc). Alternative names for this protein 

are PrPTSE, PrPSc (‘Sc’ stands for scrapie, the first animal prion disease to be recognized) 

and PrPd (for disease-associated). Different prions (or, more accurately, different strains 

of PrPres) cause scrapie, bovine spongiform encephalopathy (BSE) and chronic wasting 

disease (CWD). BSE in felids is called feline spongiform encephalopathy (FSE), and 

BSE in zoo ruminants was formerly called 'spongiform encephalopathy of exotic 

ruminants.'  

There are both classical and atypical BSE and scrapie prions. Atypical prions were 

first recognized during the last 20 years, as the result of enhanced surveillance for TSEs. 

The term 'classical' is used to distinguish the usual BSE and scrapie strains from these 

newly recognized forms. There are at least two atypical BSE prions. One has higher 

molecular mass fragments than classical BSE in an immunoblot and is called H-type 

BSE or H-BSE; the other has a lower molecular mass and is called L-type BSE or L-

BSE. Currently, the most likely hypothesis is that L-BSE and H-BSE arise 

spontaneously in cattle, as genetic diseases. One of them may have given rise to the 

classical BSE epidemic after amplification through the food chain. Atypical/ Nor98 

scrapie might, similarly, be a spontaneously occurring prion disease of small ruminants; 

however, this is not yet certain.  

Which prion causes transmissible mink encephalopathy (TME) is still uncertain; 

however, it is expected to be an agent that occurs in meat fed to ranched mink. Current 

evidence suggests that it may be atypical L-BSE, although other possibilities, such as 

certain strains of the scrapie prion, have not been entirely ruled out. 

Species Affected 

Most prions seem to occur naturally in a small number of related species. Scrapie can 

affect sheep, goats, mouflon (Ovis musimon), and possibly other animals closely related 

to sheep and goats. Atypical/Nor98 scrapie has been found in both sheep and goats. 

CWD appears to be limited to cervids. As of 2016, it has been reported in free-living 

and/or captive mule deer (Odocoileus hemionus), black-tailed deer (O. hemionus 

columbianus), white-tailed deer (O. virginianus), Rocky Mountain elk (Cervus elaphus 

nelsoni), red deer (C. elaphus elaphus), sika deer (C. nippon), moose (Alces alces) and 

reindeer (Rangifer tarandus tarandus). TME has been seen only in ranched mink 

(Neovision (Mustela) vision). In contrast, the host range of the classical BSE prion 
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seems to be unusually broad. While cattle are the primary 

hosts, this prion has been found in housecats and captive zoo 

felids (where it is known as FSE), various species of exotic 

ruminants in zoos, two lemurs in a French zoo, and at least 

two goats. H-BSE and L-BSE have only been detected in 

cattle, to date, although some researchers suspect that L-BSE 

might cause TME in mink. 

Some prions have been transmitted experimentally to 

additional species by routes that could occur in nature. 

Animals infected by feeding BSE prions include sheep, 

mink, cynomolgus macaques (Macaca fascicularis) and 

European red deer, but not pigs. Red deer did not appear to 

be very susceptible: only one of 6 animals became infected 

after they were fed a high dose of prions. Lemurs could be 

infected with L-BSE by the oral route, but little is otherwise 

known about animals' susceptibility to H-BSE or L-BSE. 

Scrapie does not seem to be transmitted readily to animals 

other than small ruminants. Squirrel monkeys (Saimiri 

sciureus) became infected when they were fed tissues that 

contained hamster-adapted scrapie prions, but several other 

species of primates, cattle and pigs did not appear to be 

susceptible. One fish (sea bream, Sparus aurata) had 

evidence of infection after oral inoculation with either BSE 

or scrapie prions. CWD can infect additional cervids and 

squirrel monkeys by the oral route, but attempts to infect 

cattle, cats, ferrets, mink and cynomolgus macaques have 

failed. Epidemiological studies also suggest that cattle are 

unlikely to be susceptible to this agent. Studies to date have 

found no evidence of CWD in wild predators and scavengers, 

such as coyotes (Canis latrans), mink, opossums (Didelphis 

virginiana) and raccoons (Procyon lotor), in endemic areas. 

There are few published experiments with TME; however, 

raccoons can be infected by either oral or parenteral routes. 

Most prions have been transmitted to various animals 

other than their natural hosts by intracerebral inoculation. 

Because this route bypasses normal species barriers, it does 

not necessarily indicate that a species would be susceptible 

to that prion in nature. However, the absence of replication 

suggests it is unlikely to be susceptible. For instance, cats 

were resistant to scrapie via intracerebral inoculation, and 

CWD could not be transmitted to cynomolgus macaques or 

raccoons. 

Zoonotic potential  

Humans occasionally develop variant Creutzfeldt-Jakob 

disease (vCJD) after eating prion-containing tissues from an 

infected animal. To date, all known cases have been caused 

by the classical BSE prion, and the zoonotic potential of H-

BSE and L-BSE is unclear. While FSE is also caused by the 

classical BSE prion, no cases of vCJD appear to have been 

acquired from cats. There is one curious case, where 

spongiform encephalopathies were reported simultaneously 

in a cat and its owner in 1998, and the prions found in both 

man and cat appeared to be similar. However, these prions 

differed from BSE, and the man was subsequently found to 

have the sporadic form of Creutzfeldt-Jakob disease, which 

is thought to be a spontaneous genetic disease. 

As of 2016, investigations of suspicious cases of 

neurological disease in humans, surveillance, and 

epidemiological studies have found no evidence that CWD 

can affect humans. Nevertheless, the possibility that this 

agent is zoonotic cannot be ruled out at this time. People are 

not thought to be susceptible to scrapie, a disease that has 

been known since the 18th century. 

Geographic Distribution 

Animal prion diseases resemble neurological diseases 

caused by other agents, and information about their 

distribution can be incomplete outside regions with good 

veterinary surveillance. Classical scrapie has been reported on 

all major continents and some islands, although some 

countries recently found few or no cases during active 

surveillance. Australia and New Zealand have remained 

scrapie-free, with the exception of an outbreak caused by 

imported animals in the 1950s. Cases of classical BSE have 

been reported in indigenous cattle in some European countries, 

Canada, Israel and Japan. Some of these countries may have 

eradicated BSE, as it has not been detected in some time. Some 

other nations, including the U.S., have found this agent only in 

imported cattle. FSE has been reported in some countries 

where BSE occurs, and in housecats or zoo cats imported from 

these countries. Most infected animals had lived in the U.K. 

during the BSE epidemic. 

Atypical BSE prions and atypical/ Nor98 scrapie prions 

have been reported in Europe, North America (both Canada 

and the U.S.) and some other countries, as the result of 

surveillance programs for TSEs. Both of these prions have 

been found in countries that are free of the classical form of 

that disease. Their presence does not affect a nation’s scrapie 

or BSE status for international trade. 

CWD has been found mainly in North America. It has 

been spreading from its original, limited focus in the U.S., 

and now occurs in a number of U.S. states and parts of 

Canada. This disease was imported to the Republic of Korea 

in captive cervids in 2001, and has been found there in 

captive animals, most recently in 2010. In 2016, CWD was 

detected in wild cervids in Norway. TME has been reported 

in ranched mink in the U.S., Canada, some European 

countries and the former U.S.S.R. 

Transmission 

TSEs are thought to be acquired primarily by ingestion, 

although some prions may also enter the body by other 

routes. Prions occur mainly in the central nervous system 

(CNS) of TSE-infected animals, but they can also be found 

in lymphoid tissues, peripheral nerves and various organs, to 

a greater or lesser extent depending on the prion and host 

species. Animals carry prions for life, and can transmit them 

even if they remain asymptomatic. Prions have also been 

transmitted iatrogenically in some species (e.g., via 

contaminated surgical instruments or in blood transfusions). 

BSE, FSE and TME do not seem to be transmitted 

horizontally between animals. Animals (including cats with 

FSE) become infected with classical BSE prions when they 
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eat contaminated tissues from infected animals. BSE prions 

caused epidemics in cattle when they were amplified by 

recycling tissues from infected cattle into ruminant feed 

supplements. Young animals appear to be infected more 

readily than cattle over the age of 6 months. Vertical 

transmission has been reported in experimentally infected 

sheep, but it has not been documented in cattle. However, the 

offspring of BSE-infected cows seem to have an elevated 

risk of developing BSE, for reasons that are still unclear. 

There is one report of possible maternal transmission of FSE 

in a cheetah. TME is, likewise, thought to spread primarily 

by ingestion, probably when mink are fed tissues from 

infected animals; however, some evidence suggests that this 

prion might also enter the body through breaks in the mucous 

membranes or skin. Vertical transmission does not seem to 

occur in mink. 

Scrapie and CWD can be transmitted directly between 

animals, or indirectly via the environment. CWD prions have 

been found, though sometimes at very low levels, in the 

saliva, blood, urine, feces and antler velvet of cervids. Most 

animals are thought to acquire this disease from the 

environment, probably during grazing. Vertical transmission 

has been documented in some cervid species. Most small 

ruminants seem to acquire scrapie from their dam during the 

neonatal period, although they can also become infected 

from unrelated animals or the environment. Older animals 

remain susceptible, though to a lesser extent. The placenta 

can contain scrapie prions, with particularly large amounts in 

sheep, and newborns may be infected by licking fetal 

membranes and fluids. The milk and colostrum of small 

ruminants are also infectious. In utero infection appears 

possible in sheep, though rare. Highly sensitive techniques 

have found low levels of scrapie prions in the urine, saliva 

and feces of sheep, but how much these sources contribute to 

transmission is still uncertain. The epidemiology of atypical/ 

Nor98 scrapie suggests that it is not transmitted efficiently 

(or perhaps at all) between animals in nature, although 

laboratory experiments have demonstrated that newborn 

lambs are susceptible to oral inoculation. 

Prions can persist for long periods in the environment. 

Infectious scrapie and CWD prions have been found in soil 

for 1.5 to 3 years or more in laboratory experiments. 

Evidence from Iceland, where scrapie-affected premises are 

not restocked for at least 2 years after depopulation and 

decontamination, suggests that this prion can infect animals 

up to 16 years later, under some conditions. Soil-bound 

prions remain infectious for animals. Repeated cycles of 

wetting and drying are reported to decrease, though not 

necessarily eliminate, soil infectivity. Prions can also remain 

infectious after passage through the digestive tracts of 

mammals and birds that eat infected animals.  

Zoonotic transmission 

In humans, variant Creutzfeldt-Jakob disease usually 

results from the ingestion of BSE prions, but a few people 

have been infected in blood transfusions from asymptomatic 

individuals. Other potential routes of infection include 

organ/tissue transplantation and surgical transmission via 

contaminated equipment. Prions do not spread between 

people during casual contact. 

Disinfection  

Complete decontamination of prion-contaminated 

tissues, surfaces and environments can be difficult. These 

agents are very resistant to most disinfectants, including 

formalin and alcohol. They are also resistant to heat, or 

ultraviolet, microwave and ionizing radiation, particularly 

when they are protected in organic material or preserved with 

aldehyde fixatives, or when the prion titer is high. Prions can 

bind tightly to some surfaces, including stainless steel and 

plastic, without losing infectivity. Prions bound to metal 

seem to be highly resistant to decontamination.  

Relatively few prion decontamination techniques have 

been published and confirmed to be effective for routine use. 

Some laboratories pre-treat tissues with formic acid to 

decrease infectivity before sectioning tissue blocks. A 1-2 N 

sodium hydroxide solution, or a sodium hypochlorite 

solution containing at least 2% (20,000 ppm) available 

chlorine, has traditionally been recommended for equipment 

and surfaces. Surfaces should be treated for more than 1 hour 

at 20°C (68°F). Overnight disinfection is recommended for 

equipment. Cleaning before disinfection removes organic 

material that may protect prions. Experimentally, some 

milder treatments have also been effective against certain 

prions, under some conditions. They include a specific 

phenolic disinfectant, various alkaline and enzymatic 

detergents (although the efficacy of specific agents within 

these classes varies), hydrogen peroxide gas plasma, 

radiofrequency gas plasma, and sodium dodecyl sulfate plus 

acetic acid. These agents might be useful for items that 

cannot withstand harsher decontamination procedures.  

Physical inactivation of prions can be carried out by 

porous load autoclaving at 134°C (273°F) for 18 minutes at 

30 lb/in2. Resistance to heat may vary with the specific prion, 

the degree of contamination and type of sample. Tissue films 

containing prions are more difficult to decontaminate by 

steam after they have dried, and human guidelines for 

surgical instruments recommend that, after use, they be kept 

moist or wet until decontamination is performed. The 

cleaning agent used before autoclaving should also be chosen 

with care, as certain agents (e.g., some enzymatic treatments) 

can increase the resistance of prions to steam sterilization. 

Dry heat is less effective than moist heat; some prions can 

survive dry heat at temperatures as high as 360°C (680°F) 

for an hour, and one group even reported that infectivity 

survived incineration at 600°C (1112°F). A combination of 

chemical and physical decontamination can be more 

effective than either procedure alone, and effective 

combinations of chemical agents (e.g., NaOH) and 

autoclaving have been published. It should be noted that even 

the harshest combination of chemical and physical 

disinfection is not guaranteed to destroy all prions in all types 

of samples.  
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Decontaminating contaminated facilities, especially 

sites such as animal pens, may be very difficult. In one study, 

genetically susceptible sheep became infected with scrapie 

after being placed in pens that had been pressure washed and 

decontaminated with high concentrations of sodium 

hypochlorite (20,000 ppm free chorine solution) for one 

hour, followed by painting and full re-galvanization or 

replacement of metalwork. Decontaminating soil 

contaminated with prions is currently impractical, although 

some agents, including an aqueous subtilisin-based 

enzymatic treatment (effective at ambient temperatures), 

appear promising in the laboratory. Incineration is 

commonly used for carcasses, but two studies found that 

composting may reduce or eliminate scrapie and other prions 

in tissues, while another suggested that soil microorganisms 

might degrade prions in buried carcasses. 

Infections in Animals 

Incubation Period 

Transmissible spongiform encephalopathies have 

incubation periods of months or years. TME has the shortest 

estimated incubation period, at 6-12 months, while scrapie, 

BSE, FSE and CWD usually become apparent after 2 years 

or more in their natural hosts. Clinical cases can occur before 

this time, but are uncommon. 

Clinical Signs 

Transmissible spongiform encephalopathies are 

usually insidious in onset and tend to progress slowly. In 

most of these diseases, the clinical signs primarily involve 

the nervous system, and often include changes in behavior, 

as well as frank neurological signs such as tremors, ataxia 

and hyperreactivity to stimuli. Intense pruritus is common 

in sheep with classical scrape; however, it tends to be less 

severe or absent in goats with this disease, and it is minimal 

or uncommon in most sheep or goats infected with atypical 

scrapie prions. Pruritus is not a common sign in BSE, CWD 

or TME. Loss of condition can be seen with all TSEs; 

however, wasting is particularly prominent in cervids with 

CWD, and some animals become severely emaciated 

before they die. Some cervids present mainly with weight 

loss, and few or subtle neurological signs. Once an animal 

becomes symptomatic, all TSEs are relentlessly 

progressive and fatal, typically within weeks to months. 

Post Mortem Lesions  Click to view images 

There are no pathognomonic gross lesions in TSE-

infected animals, although non-specific lesions may be seen. 

Animals that die or are euthanized in the early stages of these 

diseases may be in good condition; however, loss of 

condition is common later, and wasting of the carcass is often 

prominent in cervids with CWD. CWD can also result in 

megaesophagus and aspiration bronchopneumonia (which 

may be the cause of death), and classical scrapie-infected 

animals may have evidence of pruritus. 

The typical histopathological lesions of TSEs are 

confined to the CNS. These lesions are usually (though not 

always) bilaterally symmetrical, and are characterized by 

non-inflammatory spongiform changes, with neuronal 

vacuolation and varying degrees of astrocytosis. Amyloid 

plaques may be seen in L-BSE and some cases of scrapie 

or CWD, but they are not usually found in other prion 

diseases, including classical BSE and H-BSE.  

Diagnostic Tests 

All TSEs can be diagnosed by examining the brain for 

prions at necropsy. In most diseases, prions can be detected 

in the medulla oblongata at the level of the obex; however, 

atypical/Nor98 scrapie can be missed by sampling only this 

site, and is more likely to be found in the cerebellum and 

other CNS locations. Asymptomatic ruminants can be tested 

for BSE or scrapie at routine slaughter by sampling the 

brainstem through the foramen magnum. TSEs may also be 

detected in lymphoid tissues at necropsy; in particular, 

scrapie and CWD can sometimes be found in these tissues 

before they are detected in the brain, and before the clinical 

signs appear.  

Classical scrapie and CWD can also be diagnosed in live 

animals with biopsies of lymphoid tissues. Standardized 

sampling sites include the rectoanal mucosa-associated 

lymphoid tissue and palatine tonsil in both diseases, and the 

nictitating membrane (third eyelid) in scrapie. Rectal mucosa 

and nictitating membrane biopsies can be taken without 

sedation, using only topical anesthesia and restraint, and are 

more practical than tonsil biopsies in the field. Prions may 

occasionally be found in other lymphoid tissues, such as 

superficial lymph nodes. Live animal tests do not appear to 

be capable of detecting animals with atypical/Nor98 scrapie. 

Immunoblotting (Western blotting) or immuno-

histochemistry are the most specific assays for detecting 

prions, and can be used in all of the animal prion diseases. A 

number of rapid diagnostic tests based on enzyme-linked 

immunosorbent assays (ELISAs), automated immunoblotting 

or other techniques (e.g., lateral flow assays) have also be 

validated for BSE and classical scrapie. Some of these tests 

appear to be capable of detecting other TSEs, though with 

varying efficacy. Rapid tests allow large numbers of samples 

to be screened, and are often used in surveillance and slaughter 

testing. Histological examination of the brain can be very 

helpful in the diagnosis of prion diseases (although it is not 

generally used as the sole confirmatory test), but some animals 

in the early stages of infection have few or no spongiform 

changes. The presence of characteristic prion fibrils in the 

brain, called scrapie-associated fibrils (SAF), may be used to 

diagnose TSEs with electron microscopy, even in autolyzed 

brains; however, this test has low sensitivity.  

Highly sensitive assays, including protein misfolding 

cyclic amplification (PMCA) and quaking-induced 

conversion (QuIC) or real-time quaking-induced conversion 

(RT-QuIC), may be able to identify infected animals earlier 

than immunoblotting or immunohistochemistry. They can 

also find prions in tissues where they are present in very low 
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amounts. These techniques detect tiny amounts of prions by 

their ability to convert PrPc (the normal cellular protein) into 

prions in vitro. They are mainly used in research at present, 

but are being investigated for possible diagnostic use in 

several diseases. TSEs can also be detected by inoculation 

into mice (rodent bioassays); however, an incubation period 

of several months makes this technique impractical for 

routine diagnosis. Serology is not useful for diagnosis, as 

antibodies are not made against prions. 

Treatment 

There is no treatment for any prion disease. 

Control 

Disease reporting  

Veterinarians who encounter or suspect a prion disease 

should follow their national and/or local guidelines for 

disease reporting. Diseases that are absent from a nation are 

reportable immediately in most countries. Endemic 

diseases can also be reportable, although the requirements 

may be different.  

In the U.S., state or federal veterinary authorities should 

be informed immediately of any cases of BSE, FSE or TME. 

The U.S. has an eradication program for scrapie, and this 

disease is also reportable. Requirements for CWD may vary 

with the state, and with a farmed cervid herd’s participation 

in the U.S. herd certification program. Local wildlife 

management agencies are often responsible for CWD 

surveillance programs in wild cervids. 

Prevention 

BSE, FSE and TME can be prevented by not feeding 

tissues that may contain prions to susceptible species. 

Complete avoidance is necessary, as cooking or rendering 

cannot completely inactivate these agents. Banning ruminant 

(or mammalian) tissues from ruminant (or animal) feed has 

significantly reduced the number of new cases of BSE and 

controlled the epidemics in cattle. The specific bans, and 

protein sources prohibited, vary with the country. 

Surveillance and tracing of infected animals can reveal 

cohorts that may have received the same feed. Countries may 

place trade bans on the importation of live animals and 

certain animal proteins from TSE-affected nations. 

Diseases that can spread horizontally, such as scrapie 

and CWD, require additional methods of control. The risk of 

introducing these diseases can be reduced by maintaining a 

closed herd/ flock or minimizing outside purchases of stock. 

If replacement animals must be added, they should be from 

herds that test negative for the disease and are managed in a 

way that makes them unlikely to become infected. Milk and 

colostrum from potentially infected sheep or goats should not 

be fed to scrapie-free flocks. Reducing exposure to high 

concentrations of prions (e.g., in the placenta of sheep) may 

reduce transmission within a herd or flock that has become 

infected. The risk that a sheep will develop scrapie is strongly 

influenced by its genotype, and selecting genetically resistant 

animals can aid control efforts. Whether genetic control 

methods are feasible in scrapie-infected goat herds or CWD-

infected cervid herds is still uncertain. Complete 

depopulation, followed by cleaning and disinfection, is 

sometimes used on prion-infected farms; however, 

decontamination may be difficult and the disease may recur. 

Some countries have developed voluntary and/or mandatory 

programs to control CWD and scrapie, with eradication from 

domestic herds/ flocks as the ultimate goal. 

Controlling CWD in wild cervids is very difficult. 

Infected captive cervids should be kept from contact with 

wild cervids, to avoid transmitting this disease to uninfected 

areas. Many states and provinces also have restrictions on 

transporting tissues from hunter-killed cervids in CWD-

endemic areas. Attempts to reduce transmission in wild 

populations include banning practices that encourage cervids 

to congregate in certain areas (e.g., feeding or baiting), and 

culling to reduce animal densities. Other TSEs are not known 

to be an issue in wild animals. 

There are no established control methods for L-BSE, H-

BSE or atypical/ Nor98 scrapie, which could be spontaneous 

genetic diseases. These prions do not currently affect a 

nation’s BSE or scrapie status for international trade. 

Morbidity and Mortality 

TSEs are usually diseases of adult animals. Only adult 

mink are usually affected by TME; in at least one outbreak, 

kits housed with their dams and eating the same diet were 

completely spared. The peak incidence of classical BSE 

occurs in 4-6 year-old cattle, while classical scrapie peaks in 

sheep between the ages of 2 and 5 years, and CWD in captive 

cervids between 2 and 7 years. All of the ruminant and cervid 

TSEs are very rare or absent in animals that are less than 12-

18 months of age. L-BSE, H-BSE and atypical/Nor98 scrapie 

tend to occur in animals older than those with classical BSE 

or classical scrapie, respectively. All TSEs are fatal once 

clinical signs appear. 

The animal’s genotype influences the onset and severity 

of some TSEs. This is particularly well-known in sheep, where 

susceptibility or resistance to classical scrapie is associated 

with polymorphisms in the PrP gene at codons 136, 154 and 

171. Sheep with resistant genotypes become ill after longer 

incubation periods, or not at all. A genetically resistant fetus 

also suppresses the appearance of prions in the placenta of its 

genetically-susceptible, infected dam. The genes that affect 

scrapie resistance are not as well understood in goats, but some 

polymorphisms have been identified, and one (K222) has been 

proposed as a possible target for breeding more scrapie-

resistant animals. Atypical scrapie is also affected by the 

animal’s genotype; however, this disease seems to be common 

in sheep resistant to classical scrapie, and underreported in the 

animals most susceptible to the latter form. Genetic 

susceptibility to CWD is not yet well understood.  

TSEs vary greatly in prevalence, depending on the 

country, host species and specific disease. Atypical BSE and 

atypical scrapie seem to arise sporadically, at low levels, in 

their respective host species. Atypical scrapie prions are 

typically found in only a single animal per flock or herd, while 
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only about 100 animals infected with L-BSE or H-BSE have 

been identified since surveillance began. TME also seems to 

be rare, with few reported outbreaks. However, large numbers 

of mink are often affected on infected ranches. FSE was 

documented in approximately a hundred housecats and 

twenty zoo felids between 1990 and 2007. Most of these 

cases occurred in the U.K. during the BSE epidemic, and new 

cases have not been published since 2007.  

Classical BSE, classical scrapie and CWD can be 

common in some areas. Most BSE cases occurred during 

epidemics that began in the 1980s in the U.K., and resulted 

from recycling tissues from infected animals in ruminant 

feed. At one time, the estimated prevalence of classical BSE 

in infected countries ranged from more than 100 cases per 

million cattle to fewer than 2 cases per million. As a result of 

control measures (particularly feed bans), the incidence of 

this disease has declined worldwide. In the U.K., the number 

of new cases has dropped from nearly 1,000 per week, at the 

height of the epidemic in 1992, to 0-3 cases per year between 

2012 and 2016.  

Classical scrapie can be a significant problem in some 

areas, while other regions report few or no cases. This 

disease is much less common in goats than sheep. Between 

2002 and 2009, surveillance programs in the E.U. identified 

approximately 3300 infected goats, compared to about 

15,000 sheep. The average prevalence of scrapie in sheep 

was 0.087% in E.U. countries reporting this disease between 

2002 and 2012, and 0.015% in the U.S., as of 2013. In North 

America, the prevalence of CWD in wild cervids is reported 

to be < 5% in deer and < 2.5% in elk in many affected areas. 

However, it differs between regions, and can be higher in 

localized "hot spots," where it may be present in up to 10-

12% of elk and up to 50% of wild deer. Only a few CWD 

cases have been reported, to date, in wild cervids in Norway, 

and its prevalence there is uncertain. 

Infections in Humans 

BSE 

BSE is the only animal TSE known to affect humans; 

people who have eaten BSE prions may develop variant 

Creutzfeldt-Jakob disease. As of May 2016, 228 cases of 

vCJD have been reported worldwide. With the exception of 

27 cases in France, most of these people had resided in the 

U.K. for more than 6 months during the peak of the BSE 

epidemic, and are likely to have been infected there. In the 

U.K., the incidence of vCJD peaked in 2000, when 28 cases 

were diagnosed, and gradually fell to 2-5 cases per year 

between 2006 and 2011. Only two additional cases were 

recognized between 2012 and 2016. The number of people 

who have been infected asymptomatically, and the 

percentage of those likely to develop vCJD, is still unclear. 

Based on the decreasing number of clinical cases, some 

sources suggest that few additional cases may be seen. 

However, some studies that have examined lymphoid 

tissues, such as the tonsils or appendix, suggest that from 1 

in 2000 to 1 in 10,000 people in the U.K. may be infected 

subclinically with BSE prions. Whether these people will 

ever develop vCJD is not known. 

The symptoms of vCJD are broadly similar to the 

sporadic (genetic) form of Creutzfeldt-Jakob disease, but 

usually appear in younger patients. The median age of onset is 

26 years, although cases have been reported in people from 12 

to 74 years. The first signs are usually psychiatric symptoms 

such as anxiety, depression and social withdrawal, and/or 

persistent painful sensory symptoms. In most patients, frank 

neurological signs (e.g., ataxia, tremors) appear a few months 

later; however, neurological signs coincide with or precede 

psychiatric symptoms in a minority of patients. Cognitive 

function gradually deteriorates, and involuntary movements 

and visual disturbances may develop late in the course of the 

disease. There is no known treatment, and most patients die 

within 2 years. To date, all individuals with confirmed clinical 

cases have been homozygous for methionine at codon 129 in 

the PrPC protein. 

Prevention of vCJD is based on the avoidance of high-

risk tissues from cattle. Many countries exclude animals with 

BSE-like clinical signs, as well as high risk tissues from 

asymptomatic cattle (specified risk materials or SRM), from 

human food. SRM generally include the brain, spinal cord, 

associated bones and some nerve ganglia; tonsils; and 

various portions of the intestinal tract (e.g., currently, the 

distal ileum in the U.S., and the last 4 meters of the small 

intestine, the cecum and mesentery in the E.U.). Some 

nations conduct active surveillance of cattle at slaughter, 

using rapid tests, to detect cases of BSE. Positive carcasses 

are destroyed. Slaughter and processing techniques that have 

a high risk of contaminating muscle tissues with CNS have 

also been prohibited in many nations. Many countries restrict 

blood donations from people with a significant risk of having 

been infected during the BSE epidemics. Some may also take 

other measures to prevent transmission in blood transfusions 

or during high-risk surgical procedures. Although laboratory 

or abattoir-related cases have not been reported, 

veterinarians and laboratory workers should always take 

precautions when conducting necropsies on BSE-suspects or 

handling tissues; BSL-3 is the recommended level of 

protection for handling these prions.  

CWD 

Although no human infections with CWD have ever 

been reported, the possibility that this disease could be 

zoonotic has not been ruled out. Hunters should consider 

having carcasses tested for CWD; information on this 

program is available from most state wildlife agencies in 

the U.S. Meat from cervids that appear to be ill, as well as 

meat from apparently healthy animals that test positive for 

CWD, should not be eaten or fed to any animals. Gloves 

should be worn when field-dressing a cervid carcass. 

Boning-out the meat and minimizing the handling of the 

brain, spinal cord and lymphoid tissues associated with the 

gastrointestinal tract (e.g. tonsils) from cervids may reduce 

the risk of exposure, but will not necessarily remove all 

prions.  
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Internet Resources 

Canadian Food Inspection Agency (CFIA). BSE 

Canadian Food Inspection Agency. Chronic Wasting 

Disease (CWD) of Deer and Elk (including information on 

the herd certification program)  

Centers for Disease Control and Prevention (CDC).  

Prion Diseases. 

Chronic Wasting Disease Alliance 

European Commission. Control of TSEs (including BSE 

and scrapie) 

European Food Safety Authority. Transmissible 

Spongiform Encephalopathies 

European Union Reference Laboratory, TSE-LAB-NET  

Scrapie Canada 

The National Creutzfeldt-Jakob Disease Surveillance Unit, 

United Kingdom. 

United Kingdom. Department for Environment Food and 

Rural Affairs (DEFRA). Bovine Spongiform 

Encephalopathy 

U.K. DEFRA. Exotic species and domestic cats: TSE 

surveillance statistics 

United States Department of Agriculture (USDA),  

Animal and Plant Health Inspection Service (APHIS). 

USDA APHIS. Chronic Wasting Disease (including 

information on the CWD Certified and Monitored Herd 

Programs). 

USDA APHIS Scrapie Program 

United States Food and Drug Administration (FDA). 

Bovine Spongiform Encephalopathy 

U.S. Geological Survey (USGS). Chronic Wasting Disease 

World Organization for Animal Health (WOAH) 

WOAH Manual of Diagnostic Tests and Vaccines for 

Terrestrial Animals 

WOAH Terrestrial Animal Health Code 

Acknowledgements 

This factsheet was written by Anna Rovid Spickler, DVM, 

PhD, Veterinary Specialist from the Center for Food 

Security and Public Health. The U.S. Department of 

Agriculture Animal and Plant Health Inspection Service 

(USDA APHIS) provided funding for this factsheet through 

a series of cooperative agreements related to the 

development of resources for initial accreditation training.  

The following format can be used to cite this factsheet. 

Spickler, Anna Rovid. 2016. Transmissible Spongiform 

Encephalopathies. Retrieved from 

http://www.cfsph.iastate.edu/DiseaseInfo/factsheets.php.  

References 

Acín C, Martín-Burriel I, Monleón E, Lyahyai J, Pitarch JL, 

Serrano C, Monzón M, Zaragoza P, Badiola JJ. Prion protein 

gene variability in Spanish goats. Inference through 

susceptibility to classical scrapie strains and pathogenic 

distribution of peripheral PrP(sc.). PLoS One. 

2013;8(4):e61118.  

Acín C, Pitarch JL. Controlling scrapie and bovine spongiform 

encephalopathy in goats. Vet Rec. 2016;178(7):166-7.  

Acutis PL, Martucci F, D'Angelo A, Peletto S, Colussi S, et al. 

Resistance to classical scrapie in experimentally challenged 

goats carrying mutation K222 of the prion protein gene. Vet 

Res. 2012;43:8. 

Aguilar-Calvo P, Espinosa JC, Pintado B, Gutiérrez-Adán A, 

Alamillo E, Miranda A, Prieto I, Bossers A, Andreoletti O, 

Torres JM. Role of the goat K222-PrP(C) polymorphic variant 

in prion infection resistance. J Virol. 2014;88(5):2670-6. 

Aguzzi A, Heikenwalder M, Miele G. Progress and problems in 

the biology, diagnostics, and therapeutics of prion diseases. J 

Clin Invest. 2004;114:153-160. 

Alverson J, O'Rourke KI, Baszler TV. PrPSc accumulation in fetal 

cotyledons of scrapie-resistant lambs is influenced by fetus 

location in the uterus. J Gen Virol. 2006;87:1035-41. 

Anderson CA, Bosque P, Filley CM, Arciniegas DB, 

Kleinschmidt-Demasters BK, Pape WJ, Tyler KL. Colorado 

surveillance program for chronic wasting disease transmission 

to humans: lessons from 2 highly suspicious but negative 

cases. Arch Neurol. 2007;64:439-41.  

Andreoletti O, Lacroux C, Chabert A, Monnereau L, Tabouret G, 

Lantier F, Berthon P, Eychenne F, Lafond-Benestad S, Elsen 

JM, Schelcher F. PrP(Sc) accumulation in placentas of ewes 

exposed to natural scrapie: influence of foetal PrP genotype 

and effect on ewe-to-lamb transmission. J Gen Virol. 

2002;83:2607-16. 

Andreoletti O, Morel N, Lacroux C, Rouillon V, Barc C, et al,. 

Bovine spongiform encephalopathy agent in spleen from an 

ARR/ARR orally exposed sheep. J Gen Virol. 2006;87:1043-6. 

Andréoletti O, Orge L, Benestad SL, Beringue V, Litaise C, 

Simon S, Le Dur A, Laude H, Simmons H, Lugan S, Corbière 

F, Costes P, Morel N, Schelcher F, Lacroux C. 

Atypical/Nor98 scrapie infectivity in sheep peripheral tissues. 

PLoS Pathog. 2011;7(2):e1001285.  

Andreoletti O, Simon S, Lacroux C, Morel N, Tabouret G, 

Chabert A, Lugan S, Corbiere F, Ferre P, Foucras G, Laude H, 

Eychenne F, Grassi J, Schelcher F. PrPSc accumulation in 

myocytes from sheep incubating natural scrapie. Nat Med. 

2004;10:591-3. 

Andrews NJ. Incidence of variant Creutzfeldt-Jakob disease 

diagnoses and deaths in the UK January 1994 – December 

2011 The National Creutzfeldt-Jakob Disease Surveillance 

Unit [CJD Unit], United Kingdom. .Available at: 

http://www.cjd.ed.ac.uk/data.html.  Accessed 28 Aug 2016.  

Angers RC, Browning SR, Seward TS, Sigurdson CJ, Miller MW, 

Hoover EA, Telling GC. Prions in skeletal muscles of deer 

with chronic wasting disease. Science. 2006;311:1117.  

http://www.cfsph.iastate.edu/
http://www.inspection.gc.ca/english/anima/heasan/disemala/bseesb/bseesbindexe.shtml
http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/cwd/eng/1330143462380/1330143991594
http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/cwd/eng/1330143462380/1330143991594
http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/cwd/eng/1330143462380/1330143991594
http://www.cdc.gov/ncidod/dvrd/prions/index.htm
http://www.cdc.gov/ncidod/dvrd/prions/index.htm
http://www.cdc.gov/ncidod/dvrd/prions/index.htm
http://www.cdc.gov/ncidod/dvrd/prions/index.htm
http://www.cwd-info.org/
http://ec.europa.eu/food/safety/biosafety/food_borne_diseases/tse_bse/index_en.htm
http://ec.europa.eu/food/safety/biosafety/food_borne_diseases/tse_bse/index_en.htm
https://www.efsa.europa.eu/en/topics/topic/transmissiblespongiformencephalopathies
https://www.efsa.europa.eu/en/topics/topic/transmissiblespongiformencephalopathies
http://www.tse-lab-net.eu/
http://www.scrapiecanada.ca/home.html
http://www.cjd.ed.ac.uk/
http://www.cjd.ed.ac.uk/
https://www.gov.uk/guidance/bse
https://www.gov.uk/guidance/bse
https://www.gov.uk/guidance/bse
http://www.defra.gov.uk/animalh/bse/othertses/index.html
http://www.defra.gov.uk/animalh/bse/othertses/index.html
http://www.aphis.usda.gov/
http://www.aphis.usda.gov/
https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/animal-disease-information/sa_alternate_livestock/sa_cervid_health/sa_cwd/ct_cwd_index
https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/animal-disease-information/sa_alternate_livestock/sa_cervid_health/sa_cwd/ct_cwd_index
https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/animal-disease-information/sa_alternate_livestock/sa_cervid_health/sa_cwd/ct_cwd_index
https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/animal-disease-information/sheep-and-goat-health/national-scrapie-eradication-program/ct_scrapie_home
http://www.fda.gov/animalveterinary/guidancecomplianceenforcement/complianceenforcement/bovinespongiformencephalopathy/default.htm
http://www.fda.gov/animalveterinary/guidancecomplianceenforcement/complianceenforcement/bovinespongiformencephalopathy/default.htm
http://www.fda.gov/animalveterinary/guidancecomplianceenforcement/complianceenforcement/bovinespongiformencephalopathy/default.htm
http://www.woah.org/
https://www.woah.org/en/what-we-do/standards/codes-and-manuals/terrestrial-manual-online-access/
https://www.woah.org/en/what-we-do/standards/codes-and-manuals/terrestrial-manual-online-access/
https://www.woah.org/en/what-we-do/standards/codes-and-manuals/terrestrial-code-online-access/
http://www.cfsph.iastate.edu/DiseaseInfo/factsheets.php
http://www.cjd.ed.ac.uk/data.html


Transmissible Spongiform Encephalopathies 

 

www.cfsph.iastate.edu  © 2003-2016 page 8 of 18 

Angers RC, Seward TS, Napier D, Green M, Hoover E, Spraker T, 

O'Rourke K, Balachandran A, Telling GC. Chronic wasting 

disease prions in elk antler velvet. Emerg Infect Dis. 

2009;15(5):696-703. 

Animal Health Australia. TSE freedom assurance report. 2014-

2015. Available at: http://TSEFAP-2014-15-Final-Report-for-

website.pdf.  Accessed 28 Sept 2016. 

Acquatella-Tran Van Ba I, Imberdis T, Perrier V. From prion 

diseases to prion-like propagation mechanisms of 

neurodegenerative diseases. Int J Cell Biol. 

2013;2013:975832. 

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. 

Arsac JN, Andreoletti O, Bilheude JM, Lacroux C, Benestad SL, 

Baron T. Similar biochemical signatures and prion protein 

genotypes in atypical scrapie and Nor98 cases, France and 

Norway. Emerg Infect Dis. 2007;13:58-65. 

Baeten LA, Powers BE, Jewell JE, Spraker TR, Miller MW. A 

natural case of chronic wasting disease in a free-ranging 

moose (Alces alces shirasi). J Wildl Dis. 2007;43:309-14. 

Balkema-Buschmann A, Eiden M, Hoffmann C, Kaatz M, Ziegler 

U, Keller M, Groschup MH. BSE infectivity in the absence of 

detectable PrP(Sc) accumulation in the tongue and nasal 

mucosa of terminally diseased cattle. J Gen Virol. 2011;92(Pt 

2):467-76. 

Balkema-Buschmann A, Fast C, Kaatz M, Eiden M, Ziegler U, 

McIntyre L, Keller M, Hills B, Groschup MH. Pathogenesis of 

classical and atypical BSE in cattle. Prev Vet Med. 

2011;102(2):112-7.  

Balkema-Buschmann A, Ziegler U, McIntyre L, Keller M, 

Hoffmann C, Rogers R, Hills B, Groschup MH. Experimental 

challenge of cattle with German atypical bovine spongiform 

encephalopathy (BSE) isolates. J Toxicol Environ Health A. 

2011;74(2-4):103-9. 

Balter M. Intriguing clues to a scrapie-mad cow link. Science. 

2001;292:827-9. 

Bannach O, Birkmann E, Reinartz E, Jaeger KE, Langeveld JP, 

Rohwer RG, Gregori L, Terry LA, Willbold D, Riesner D. 

Detection of prion protein particles in blood plasma of scrapie 

infected sheep. PLoS One. 2012;7(5):e36620.  

Barlow RM. Transmissible mink encephalopathy: pathogenesis 

and nature of the aetiological agent. J Clin Pathol Suppl (R 

Coll Pathol). 1972;6:102-9. 

Baron T, Belli P, Madec JY, Moutou F, Vitaud C, Savey M. 

Spongiform encephalopathy in an imported cheetah in France. 

Vet Rec. 1997;141:270-1. 

Baron T, Bencsik A, Biacabe AG, Morignat E, Bessen RA. 

Phenotypic similarity of transmissible mink encephalopathy in 

cattle and L-type bovine spongiform encephalopathy in a 

mouse model. Emerg Infect Dis. 2007;13:1887-94. 

Baron T, Biacabe AG, Arsac JN, Benestad S, Groschup MH. 

Atypical transmissible spongiform encephalopathies (TSEs) in 

ruminants. Vaccine. 2007;25:5625-30. 

Baron T, Vulin J, Biacabe AG, Lakhdar L, Verchere J, Torres JM, 

Bencsik A. Emergence of classical BSE strain properties 

during serial passages of H-BSE in wild-type mice. PLoS One. 

2011 Jan 14;6(1):e15839. 

Barria MA, Ironside JW, Head MW. Exploring the zoonotic 

potential of animal prion diseases: in vivo and in vitro 

approaches. Prion. 2014;8(1):85-91. 

Bartz JC, Kincaid AE, Bessen RA. Rapid prion neuroinvasion 

following tongue infection. J Virol. 2003;77:583-91.  

Bartz JC, McKenzie DI, Bessen RA, Marsh RF, Aiken JM. 

Transmissible mink encephalopathy species barrier effect 

between ferret and mink: PrP gene and protein analysis. J Gen 

Virol. 1994;75:2947-53.  

Beekes M, McBride PA. The spread of prions through the body in 

naturally acquired transmissible spongiform encephalopathies. 

FEBS J. 2007;274:588-605. 

Belay ED, Blase J, Sehulster LM, Maddox RA, Schonberger LB. 

Management of neurosurgical instruments and patients 

exposed to Creutzfeldt-Jakob disease. Infect Control Hosp 

Epidemiol. 2013;34(12):1272-80.  

Belay ED, Maddox RA, Williams ES, Miller MW, Gambetti P, 

Schonberger LB. Chronic wasting disease and potential 

transmission to humans. Emerg Infect Dis. 2004;10:977-84.  

Bellworthy SJ, Dexter G, Stack M, Chaplin M, Hawkins SA, 

Simmons MM, Jeffrey M, Martin S, Gonzalez L, Hill P. 

Natural transmission of BSE between sheep within an 

experimental flock. Vet Rec. 2005;157:206. 

Belondrade M, Nicot S, Béringue V, Coste J, Lehmann S, 

Bougard D. Rapid and highly sensitive detection of variant 

Creutzfeldt-Jakob disease abnormal prion protein on steel 

surfaces by protein misfolding cyclic amplification: 

application to prion decontamination Studies. PLoS One. 

2016;11(1):e0146833.  

Bencsik A, Debeer S, Petit T, Baron T. Possible case of maternal 

transmission of feline spongiform encephalopathy in a captive 

cheetah. PLoS One. 2009;4(9):e6929. 

Benestad SL, Arsac JN, Goldmann W, Nöremark M. 

Atypical/Nor98 scrapie: properties of the agent, genetics, and 

epidemiology. Vet Res. 2008;39(4):19.  

Benestad SL, Sarradin P, Thu B, Schonheit J, Tranulis MA, Bratberg 

B. Cases of scrapie with unusual features in Norway and 

designation of a new type, Nor98. Vet Rec. 2003;153:202-8. 

Béringue V, Andréoletti O, Le Dur A, Essalmani R, Vilotte JL, 

Lacroux C, Reine F, Herzog L, Biacabé AG, Baron T, 

Caramelli M, Casalone C, Laude H. A bovine prion acquires 

an epidemic bovine spongiform encephalopathy strain-like 

phenotype on interspecies transmission. J Neurosci. 

2007;27:6965-71. 

Bessen RA, Marsh RF. Biochemical and physical properties of the 

prion protein from two strains of the transmissible mink 

encephalopathy agent. J Virol. 1992;66:2096-101. 

Bessen RA, Shearin H, Martinka S, Boharski R, Lowe D, Wilham 

JM, Caughey B, Wiley JA. Prion shedding from olfactory 

neurons into nasal secretions. PLoS Pathog. 2010;6:1000837. 

Boujon C, Serra F, Seuberlich T. Atypical variants of bovine 

spongiform encephalopathy: rare diseases with consequences 

for BSE surveillance and control. Schweiz Arch Tierheilkd. 

2016;158(3):171-7. 

Bozzetta E, Nappi R, Crudeli S, Meloni D, Varello K, Loprevite 

D, Melis PG, Mazza M, Colussi S, Ingravalle F, Ru G, Nonno 

R, Ligios C. Comparative performance of three TSE rapid 

tests for surveillance in healthy sheep affected by scrapie. 

Virol Methods. 2011;173(2):161-8. 

http://www.cfsph.iastate.edu/
http://tsefap-2014-15-final-report-for-website.pdf/
http://tsefap-2014-15-final-report-for-website.pdf/


Transmissible Spongiform Encephalopathies 

 

www.cfsph.iastate.edu  © 2003-2016 page 9 of 18 

Bradshaw JM, Pearson GR, Gruffydd-Jones TJ. A retrospective 

study of 286 cases of neurological disorders of the cat. J Comp 

Pathol. 2004;131:112-20.  

Brandt AL, Kelly AC, Green ML, Shelton P, Novakofski J, 

Mateus-Pinilla NE. Prion protein gene sequence and chronic 

wasting disease susceptibility in white-tailed deer (Odocoileus 

virginianus). Prion. 2015;9(6):449-62. 

Brown P, Abee CR. Working with transmissible spongiform 

encephalopathy agents. ILAR J. 2005;46:44-52. 

Brown P, Gajdusek DC. Survival of scrapie virus after 3 years' 

interment. Lancet. 1991;337:269-70. 

Brown P, McShane LM, Zanusso G, Detwile L. On the question of 

sporadic or atypical bovine spongiform encephalopathy and 

Creutzfeldt-Jakob disease. Emerg Infect Dis. 2006;12:1816-21. 

Brown P, Rau EH, Johnson BK, Bacote AE, Gibbs CJ, Jr., 

Gajdusek DC. New studies on the heat resistance of hamster-

adapted scrapie agent: threshold survival after ashing at 600 

degrees C suggests an inorganic template of replication. Proc 

Natl Acad Sci USA. 2000;97:3418-21. 

Bulgin MS. Overview of scrapie. Kahn CM, Line S, Aiello SE, 

editors. The Merck veterinary manual [online]. Whitehouse 

Station, NJ: Merck and Co; 2013. Scrapie. Available at: 

http://www.merckvetmanual.com/mvm/nervous_system/scrapi

e/overview_of_scrapie.html.  Accessed 30 Aug 2016. 

Buschmann A, Biacabe AG, Ziegler U, Bencsik A, Madec JY, 

Erhardt G, Luhken G, Baron T, Groschup MH. Atypical 

scrapie cases in Germany and France are identified by 

discrepant reaction patterns in BSE rapid tests. J Virol 

Methods. 2004;117:27-36. 

Buschmann A, Luhken G, Schultz J, Erhardt G, Groschup MH. 

Neuronal accumulation of abnormal prion protein in sheep 

carrying a scrapie-resistant genotype (PrPARR/ARR). J Gen 

Virol. 2004;85:2727-33. 

Canadian Food Inspection Agency (CFIA). Enhanced animal 

health protection from BSE - specified risk material (SRM). 

CFIA; 2015 Apr. Available at: 

http://www.inspection.gc.ca/animals/terrestrial-

animals/diseases/reportable/bse/srm/eng/1299870250278/1334

278201780.  Accessed 28 Aug 2016.  

Carmona P, Monzon M, Monleon E, Badiola JJ, Monreal J. In 

vivo detection of scrapie cases from blood by infrared 

spectroscopy. J Gen Virol. 2005;86:3425-31. 

Centers for Disease Control and Prevention (CDC). Chronic 

wasting disease [online]. CDC; 2007 Jan. Available at: 

http://www.cdc.gov/ncidod/dvrd/cwd.* Accessed 19 Sept. 

2008. 

Centers for Disease Control and Prevention [CDC].  Variant 

Creutzfeldt-Jakob disease [website online]. CDC; 2015 Feb. 

Available at: http://www.cdc.gov/prions/vcjd/index.html.   

Accessed 28 Aug 2016. 

Chang B, Cheng X, Yin S, Pan T, Zhang H, Wong P, Kang SC, 

Xiao F, Yan H, Li C, Wolfe LL, Miller MW, Wisniewski T, 

Greene MI, Sy MS. Test for detection of disease-associated 

prion aggregate in the blood of infected but asymptomatic 

animals. Clin Vaccine Immunol. 2007;14:36-43.  

Chronic Wasting Disease Alliance. Carcass transportation 

regulations in the United States and Canada [online]. Available 

at: http://www.cwd-info.org/index.php/fuseaction/policy.main.* 

Accessed 19 Sept 2008. 

Chronic Wasting Disease Alliance. Chronic wasting disease 

(CWD) outbreaks and surveillance program in the Republic of 

Korea. 2011. Available at: http://cwd-info.org/chronic-

wasting-disease-cwd-outbreaks-and-surveillance-program-in-

the-republic-of-korea/.  Accessed 28 July 2016. 

Chronic Wasting Disease Alliance. The first detection of chronic 

wasting disease (CWD) in Europe. 2016. Available at: 

http://cwd-info.org/the-first-detection-of-chronic-wasting-

disease-cwd-in-europe/.  Accessed 29 Jul 2016. 

Colorado Division of Wildlife. Chronic wasting disease in 

Colorado, 2006–2008. Colorado Division of Wildlife Report. 

Fort Collins, Colorado; 2009. 5 p. 

Corbière F, Perrin-Chauvineau C, Lacroux C, Costes P, Thomas 

M, Brémaud I, Martin S, Lugan S, Chartier C, Schelcher F, 

Barillet F, Andreoletti O. PrP-associated resistance to scrapie 

in five highly infected goat herds. Gen Virol. 2013;94(Pt 

1):241-5.  

Cunningham AA, Kirkwood JK, Dawson M, Spencer YI, Green 

RB, Wells GA. Bovine spongiform encephalopathy infectivity 

in greater kudu (Tragelaphus strepsiceros). Emerg Infect Dis. 

2004;10:1044-9. 

Curcio L, Sebastiani C, Di Lorenzo P, Lasagna E, Biagetti M. 

Review: A review on classical and atypical scrapie in caprine: 

Prion protein gene polymorphisms and their role in the 

disease. Animal. 2016 Apr 25:1-9. [Epub ahead of print] 

Dagleish MP, Martin S, Steele P, Finlayson J, Eaton SL, Sisó S, et 

al. Susceptibility of European red deer (Cervus elaphus 

elaphus) to alimentary challenge with bovine spongiform 

encephalopathy. PLoS One. 2015;10(1):e0116094. 

Dassanayake RP, Orrú CD, Hughson AG, Caughey B, Graça T, 

Zhuang D, Madsen-Bouterse SA, Knowles DP, Schneider DA. 

Sensitive and specific detection of classical scrapie prions in 

the brains of goats by real-time quaking-induced conversion. J 

Gen Virol. 2016;97(3):803-12. 

Dassanayake RP, Truscott TC, Zhuang D, Schneider DA, Madsen-

Bouterse SA, Young AJ, Stanton JB, Davis WC, O'Rourke KI. 

Classical natural ovine scrapie prions detected in practical 

volumes of blood by lamb and transgenic mouse bioassays. J 

Vet Sci. 2015;16(2):179-86.  

Daus ML, Breyer J, Wagenfuehr K, Wemheuer WM, Thomzig A, 

Schulz-Schaeffer WJ, Beekes M. Presence and seeding 

activity of pathological prion protein (PrP(TSE)) in skeletal 

muscles of white-tailed deer infected with chronic wasting 

disease. PLoS One. 2011;6(4):e18345.  

Dexter G, Tongue SC, Heasman L, Bellworthy SJ, Davis A, 

Moore SJ, Simmons MM, Sayers AR, Simmons HA, 

Matthews D. The evaluation of exposure risks for natural 

transmission of scrapie within an infected flock. BMC Vet 

Res. 2009;5:38.  

Diack AB, Head MW, McCutcheon S, Boyle A, Knight R, 

Ironside JW, Manson JC, Will RG. Variant CJD. 18 years of 

research and surveillance. Prion. 2014;8(4):286-95. 

Doherr MG. Brief review on the epidemiology of transmissible 

spongiform encephalopathies (TSE). Vaccine. 2007;25:5619-24. 

Eckroade RJ: 1972. Neuropathology and experimental 

transmission to other species of transmissible mink 

encephalopathy. PhD Thesis, University of Wisconsin, 

Madison, WI.  

http://www.cfsph.iastate.edu/
http://www.merckvetmanual.com/mvm/nervous_system/scrapie/overview_of_scrapie.html
http://www.merckvetmanual.com/mvm/nervous_system/scrapie/overview_of_scrapie.html
http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/bse/srm/eng/1299870250278/1334278201780
http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/bse/srm/eng/1299870250278/1334278201780
http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/bse/srm/eng/1299870250278/1334278201780
http://www.cdc.gov/prions/vcjd/index.html
http://cwd-info.org/chronic-wasting-disease-cwd-outbreaks-and-surveillance-program-in-the-republic-of-korea/
http://cwd-info.org/chronic-wasting-disease-cwd-outbreaks-and-surveillance-program-in-the-republic-of-korea/
http://cwd-info.org/chronic-wasting-disease-cwd-outbreaks-and-surveillance-program-in-the-republic-of-korea/
http://cwd-info.org/the-first-detection-of-chronic-wasting-disease-cwd-in-europe/
http://cwd-info.org/the-first-detection-of-chronic-wasting-disease-cwd-in-europe/


Transmissible Spongiform Encephalopathies 

 

www.cfsph.iastate.edu  © 2003-2016 page 10 of 18 

Eckroade RJ, Zu Rhein GM, Hanson RP: Transmissible mink 

encephalopathy in carnivores: clinical, light and electron 

microscopic studies in raccoons, skunks and ferrets. J Wildl 

Dis. 1973;9:229-40. 

Eckroade RJ, Zu Rhein GM, Marsh RF, Hanson RP. Transmissible 

mink encephalopathy: experimental transmission to the squirrel 

monkey Science. 1970;169:1088-90. 

Edgeworth JA, Sicilia A, Linehan J, Brandner S, Jackson GS, 

Collinge J. A standardized comparison of commercially 

available prion decontamination reagents using the standard 

steel-binding assay. J Gen Virol. 2011;92(Pt 3):718-26. 

Eghiaian F, Grosclaude J, Lesceu S, Debey P, Doublet B, Tréguer 

E, Rezaei H, Knossow M. Insight into the PrPC -> PrPSc 

conversion from the structures of antibody-bound ovine prion 

scrapie-susceptibility variants Proc Natl Acad Sci U S A. 

2004;101:10254-9. 

Eiden M, Hoffmann C, Balkema-Buschmann A, Müller M, 

Baumgartner K, Groschup MH. Biochemical and 

immunohistochemical characterization of feline spongiform 

encephalopathy in a German captive cheetah. J Gen Virol. 

2010;91(Pt 11):2874-83.  

Eloit M, Adjou K, Coulpier M, Fontaine JJ, Hamel R, et al. BSE 

agent signatures in a goat. Vet Rec. 2005;156:523-4. 

Espinosa JC, Andréoletti O, Castilla J, Herva ME, Morales M, 

Alamillo E, San-Segundo FD, Lacroux C, Lugan S, Salguero 

FJ, Langeveld J, Torres JM. Sheep-passaged bovine 

spongiform encephalopathy agent exhibits altered 

pathobiological properties in bovine-PrP transgenic mice. 

Virol. 2007;81:835-43. 

Espinosa JC, Morales M, Castilla J, Rogers M, Torres JM. 

Progression of prion infectivity in asymptomatic cattle after 

oral bovine spongiform encephalopathy challenge. J Gen 

Virol. 2007;88:1379-83. 

European Commission. Control of TSEs (including BSE and 

scrapie). 2016. Available at: 

http://ec.europa.eu/food/safety/biosafety/food_borne_diseases/

tse_bse/index_en.htm#.  Accessed 26 Aug 2016. 

European Food Safety Authority [EFSA]. EFSA opinion on the 

likelihood of BSE infectivity in specified risk material. EFSA; 

2007 Jul. Available at: 

http://www.efsa.europa.eu/en/press_room/press_release/pr_sr

m_back_calculation.html. Accessed 25 Aug 2007. 

European Food Safety Authority [EFSA]. Scientific opinion on 

the scrapie situation in the EU after 10 years of monitoring 

and control in sheep and goats. EFSA J. 2014;12(7):3781.  

European Food Safety Authority [EFSA] Scientific Expert Group. 

Scientific report of the European Food Safety Authority on the 

evaluation of rapid post mortem TSE tests intended for small 

ruminants.EFSA; 2005 May. 17 p. Question no. EFSA-Q-

2003-084. Available at: 

http://www.efsa.eu.int/science/tse_assessments/bse_tse/983/bi

ohaz_sr31_smallruminanttsetests_en1.pdf. Accessed 4 Apr. 

2007. 

Everest SJ, Thorne L, Barnicle DA, Edwards JC, Elliott H, 

Jackman R, Hope J. Atypical prion protein in sheep brain 

collected during the British scrapie-surveillance programme. J 

Gen Virol. 2006;87:471-7. 

Everest SJ, Thorne LT, Hawthorn JA, Jenkins R, Hammersley C, 

Ramsay AM, Hawkins SA, Venables L, Flynn L, Sayers R, 

Kilpatrick J, Sach A, Hope J, Jackman R. No abnormal prion 

protein detected in the milk of cattle infected with the bovine 

spongiform encephalopathy agent. J Gen Virol. 2006;87:2433-41. 

Fast C, Keller M, Balkema-Buschmann A, Hills B, Groschup MH. 

Complementary studies detecting classical bovine spongiform 

encephalopathy infectivity in jejunum, ileum and ileocaecal 

junction in incubating cattle. Vet Res. 2013;44:123.  

Fediaevsky A, Gasqui P, Calavas D, Ducrot C. Discrepant 

epidemiological patterns between classical and atypical 

scrapie in sheep flocks under French TSE control measures. 

Vet J. 2010;185(3):338-40. 

Fediaevsky A, Tongue SC, Nöremark M, Calavas D, Ru G, Hopp 

P. A descriptive study of the prevalence of atypical and 

classical scrapie in sheep in 20 European countries. BMC Vet 

Res. 2008;4:19.  

Fichet G, Comoy E, Dehen C, Challier L, Antloga K, Deslys JP, 

McDonnell G. Investigations of a prion infectivity assay to 

evaluate methods of decontamination. J Microbiol Methods. 

2007;70:511-8. 

Fichet G, Comoy E, Duval C, Antloga K, Dehen C, Charbonnier 

A, McDonnell G, Brown P, Lasmézas CI, Deslys JP. Novel 

methods for disinfection of prion-contaminated medical 

devices. Lancet. 2004;364:521-6. 

Fischer JR, Nettles VF (College of Veterinary Medicine, The 

University of Georgia). National chronic wasting disease 

surveillance in free-ranging cervids: accomplishments and 

needs [online]. In: USAHA 2002 Proceedings; 2002 Oct 20-

23; St. Louis, MO. Available at: 

http://www.usaha.org/speeches/speech02/s02cwdss.html.* 

Accessed 2 Dec 2003. 

Foster JD, Goldmann W, Hunter N. Evidence in sheep for pre-

natal transmission of scrapie to lambs from infected mothers. 

PLoS One. 2013;8(11):e79433.  

Foster J, McKenzie C, Parnham D, Drummond D, Chong A, 

Goldman W, Hunter N. Lateral transmission of natural scrapie 

to scrapie-free New Zealand sheep placed in an endemically 

infected UK flock. Vet Rec. 2006;159:633-4. 

Fragkiadaki EG, Vaccari G, Ekateriniadou LV, Agrimi U, 

Giadinis ND, Chiappini B, Esposito E, Conte M, Nonno R. 

PRNP genetic variability and molecular typing of natural goat 

scrapie isolates in a high number of infected flocks. Vet Res. 

2011;42:104. 

Franz M, Eiden M, Balkema-Buschmann A, Greenlee J, Schatzl 

H, Fast C, Richt J, Hildebrandt JP, Groschup MH. Detection 

of PrP(Sc) in peripheral tissues of clinically affected cattle 

after oral challenge with bovine spongiform encephalopathy. J 

Gen Virol. 2012;93(Pt 12):2740-8. 

Garza MC, Fernández-Borges N, Bolea R, Badiola JJ, Castilla J, 

Monleón E. Detection of PrPres in genetically susceptible 

fetuses from sheep with natural scrapie. PLoS One. 

2011;6(12):e27525. 

Gavier-Widen D, Noremark M, Benestad S, Simmons M, 

Renstrom L, Bratberg B, Elvander M, af Segerstad CH. 

Recognition of the Nor98 variant of scrapie in the Swedish 

sheep population. J Vet Diagn Invest. 2004;16:562-7. 

Gavier-Widén D, Stack MJ, Baron T, Balachandran A, Simmons 

M. Diagnosis of transmissible spongiform encephalopathies in 

animals: a review. J Vet Diagn Invest. 2005;17:509-27. 

http://www.cfsph.iastate.edu/
http://ec.europa.eu/food/safety/biosafety/food_borne_diseases/tse_bse/index_en.htm
http://ec.europa.eu/food/safety/biosafety/food_borne_diseases/tse_bse/index_en.htm
http://www.efsa.europa.eu/en/press_room/press_release/pr_srm_back_calculation.html
http://www.efsa.europa.eu/en/press_room/press_release/pr_srm_back_calculation.html
http://www.efsa.eu.int/science/tse_assessments/bse_tse/983/biohaz_sr31_smallruminanttsetests_en1.pdf.
http://www.efsa.eu.int/science/tse_assessments/bse_tse/983/biohaz_sr31_smallruminanttsetests_en1.pdf.


Transmissible Spongiform Encephalopathies 

 

www.cfsph.iastate.edu  © 2003-2016 page 11 of 18 

Georgsson G, Sigurdarson S, Brown P. Infectious agent of sheep 

scrapie may persist in the environment for at least 16 years. J 

Gen Virol. 2006;87:3737-40. 

Gibbs CJ Jr, Amyx HL, Bacote A, Masters CL, Gajdusek DC. Oral 

transmission of kuru, Creutzfeldt-Jakob disease, and scrapie to 

nonhuman primates. J Infect Dis. 1980;142(2):205-8. 

Gilch S. Overview of chronic wasting disease. In: Kahn CM, Line 

S, Aiello SE, editors.. The Merck veterinary manual [online]. 

Whitehouse Station, NJ: Merck and Co; 2013. Available at: 

http://www.merckvetmanual.com/mvm/nervous_system/chron

ic_wasting_disease/overview_of_chronic_wasting_disease.ht

ml.  Accessed 20 Jul 2016. 

Gilch S, Chitoor N, Taguchi Y, Stuart M, Jewell JE, Schätzl 

HM.Chronic wasting disease. Top Curr Chem. 2011;305:51-77.  

Giles K, Glidden DV, Beckwith R, Seoanes R, Peretz D, 

DeArmond SJ, Prusiner SB. Resistance of bovine spongiform 

encephalopathy (BSE) prions to inactivation. PLoS Pathog. 

2008 Nov;4(11):e1000206. 

Gill ON, Spencer Y, Richard-Loendt A, Kelly C, Dabaghian R, et 

al. Prevalent abnormal prion protein in human appendixes 

after bovine spongiform encephalopathy epizootic: large scale 

survey. BMJ. 2013 Oct 15;347:f5675.  

Giovannini A, Savini L, Conte A, Fiore GL. Comparison of BSE 

prevalence estimates from EU countries for the period July to 

December 2001 to the OIE and EU GBR classifications. J Vet 

Med B Infect Dis Vet Public Health. 2005;52:262-71. 

Goldmann W. PrP genetics in ruminant transmissible spongiform 

encephalopathies. Vet Res. 2008;39:30. 

Goldmann W, Hunter N, Smith G, Foster J, Hope J. PrP genotype 

and agent effects in scrapie: change in allelic interaction with 

different isolates of agent in sheep, a natural host of scrapie. J 

Gen Virol. 1994;75:989-95. 

González L, Chianini F, Martin S, Sisó S, Gibbard L, Reid HW, 

Jeffrey M. Comparative titration of experimental ovine BSE 

infectivity in sheep and mice. J Gen Virol. 2007;88:714-7. 

González L, Dagleish MP, Martin S, Dexter G, Steele P, 

Finlayson J, Jeffrey M. Diagnosis of preclinical scrapie in live 

sheep by the immunohistochemical examination of rectal 

biopsies. Vet Rec. 2008;162(13):397-403. 

González L, Martin S, Sisó S, Konold T, Ortiz-Peláez A, Phelan 

L, Goldmann W, Stewart P, Saunders G, Windl O, Jeffrey M, 

Hawkins SA, Dawson M, Hope J. High prevalence of scrapie 

in a dairy goat herd: tissue distribution of disease-associated 

PrP and effect of PRNP genotype and age. Vet Res. 

2009;40(6):65.  

González L, Pitarch JL, Martin S, Thurston L, Moore J, Acín C, 

Jeffrey M. Identical pathogenesis and neuropathological 

phenotype of scrapie in valine, arginine, glutamine/valine, 

arginine, glutamine sheep infected experimentally by the oral 

and conjunctival routes. J Comp Pathol. 2014;150(1):47-56.  

Gonzalez L, Pitarch JL, Martin S, Thurston L, Simmons H, Acin 

C, Jeffrey M. Influence of polymorphisms in the prion protein 

gene on the pathogenesis and neuropathological phenotype of 

sheep scrapie after oral infection. J Comp Pathol. 

2014;150:57-70. 

Götte DR, Benestad SL, Laude H, Zurbriggen A, Oevermann A, 

Seuberlich T. Atypical scrapie isolates involve a uniform prion 

species with a complex molecular signature. PLoS One. 

2011;6(11):e27510.  

Gough KC, Baker CA, Rees HC, Terry LA, Spiropoulos J, Thorne 

L, Maddison BC. The oral secretion of infectious scrapie 

prions occurs in preclinical sheep with a range of PRNP 

genotypes. J Virol. 2012;86(1):566-71. 

Gough KC, Baker CA, Simmons HA, Hawkins SA, Maddison BC. 

Circulation of prions within dust on a scrapie affected farm. 

Vet Res. 2015;46:40.  

Gough KC, Bishop K, Maddison BC. Highly sensitive detection of 

small ruminant bovine spongiform encephalopathy within 

transmissible spongiform encephalopathy mixes by serial 

protein misfolding cyclic amplification. J Clin Microbiol. 

2014;52(11):3863-8. 

Gough KC, Rees HC, Ives SE, Maddison BC. Methods for 

differentiating prion types in food-producing animals. Biology 

(Basel). 2015;4(4):785-813. 

Gough KC, Maddison BC. Prion transmission: prion excretion and 

occurrence in the environment. Prion. 2010;4(4):275-82. 

Gould DH, Voss JL, Miller MW, Bachand AM, Cummings BA, 

Frank AA. Survey of cattle in northeast Colorado for evidence 

of chronic wasting disease: geographical and high-risk 

targeted sample. J Vet Diagn Invest. 2003;15:274-7.  

Gray JG, Dudas S, Graham C, Czub S. Performance analysis of 

rapid diagnostic tests on atypical bovine spongiform 

encephalopathy. J Vet Diagn Invest. 2012;24(5):976-80.  

Greenwood P. Federal disease control--scrapie. Can Vet J. 

2002;43:625-9.  

Hadlow WJ, Karstad L. Transmissible encephalopathy of mink in 

Ontario. Can Vet J. 1968;9:193-6. 

Haley NJ, Hoover EA. Chronic wasting disease of cervids: current 

knowledge and future perspectives. Annu Rev Anim Biosci. 

2015;3:305-25. 

Haley NJ, Mathiason CK, Carver S, Zabel M, Telling GC, Hoover 

EA. Detection of chronic wasting disease prions in salivary, 

urinary, and intestinal tissues of deer: potential mechanisms of 

prion shedding and transmission. J Virol. 2011;85(13):6309-18.  

Haley NJ, Mathiason CK, Zabel MD, Telling GC, Hoover EA. 

Detection of sub-clinical CWD infection in conventional test-

negative deer long after oral exposure to urine and feces from 

CWD+ deer. PLoS One. 2009;4(11):e7990. 

Haley NJ, Seelig DM, Zabel MD, Telling GC, Hoover EA. 

Detection of CWD prions in urine and saliva of deer by 

transgenic mouse bioassay. PLoS One. 2009;4(3):e4848.  

Hall V, Brookes D, Nacul L, Gill ON, Connor N; CJD Incidents 

Panel. Managing the risk of iatrogenic transmission of 

Creutzfeldt-Jakob disease in the UK. J Hosp Infect. 

2014;88(1):22-7.  

Hamir AN, Clark WW, Sutton DL, Miller JM, Stack MJ, Chaplin 

MJ, Jenny AL. Resistance of domestic cats to a US sheep 

scrapie agent by intracerebral route. J Vet Diagn Invest. 

2002;14(5):444-5.  

Hamir AN, Miller JM, O'Rourke KI, Bartz JC, Stack MJ, Chaplin 

MJ. Transmission of transmissible mink encephalopathy to 

raccoons (Procyon lotor) by intracerebral inoculation. J Vet 

Diagn Invest. 2004;16:57-63. 

Harrington RD, Baszler TV, O'Rourke KI, Schneider DA, Spraker 

TR, Liggitt HD, Knowles DP. A species barrier limits 

transmission of chronic wasting disease to mink (Mustela 

vison). J Gen Virol. 2008;89(Pt 4):1086-96.  

http://www.cfsph.iastate.edu/
http://www.merckvetmanual.com/mvm/nervous_system/chronic_wasting_disease/overview_of_chronic_wasting_disease.html
http://www.merckvetmanual.com/mvm/nervous_system/chronic_wasting_disease/overview_of_chronic_wasting_disease.html
http://www.merckvetmanual.com/mvm/nervous_system/chronic_wasting_disease/overview_of_chronic_wasting_disease.html


Transmissible Spongiform Encephalopathies 

 

www.cfsph.iastate.edu  © 2003-2016 page 12 of 18 

Hawkins SA, Simmons HA, Gough KC, Maddison BC. 

Persistence of ovine scrapie infectivity in a farm environment 

following cleaning and decontamination. Vet Rec. 

2015;176(4):99.  

Henderson DM, Davenport KA, Haley NJ, Denkers ND, 

Mathiason CK, Hoover EA. Quantitative assessment of prion 

infectivity in tissues and body fluids by real-time quaking-

induced conversion. J Gen Virol. 2015;96(Pt 1):210-9. 

Henderson DM, Denkers ND, Hoover CE, Garbino N, Mathiason 

CK, Hoover EA. Longitudinal detection of prion shedding in 

saliva and urine by chronic wasting disease-infected deer by 

real-time quaking-induced conversion. J Virol. 

2015;89(18):9338-47. 

Henderson DM, Manca M, Haley NJ, Denkers ND, Nalls AV, 

Mathiason CK, Caughey B, Hoover EA. Rapid antemortem 

detection of CWD prions in deer saliva. PLoS One. 

2013;8(9):e74377.  

Henry C, Knight R. Clinical features of variant Creutzfeldt-Jakob 

disease. Rev Med Virol. 2002;12:143-50. 

Hilbe MM, Soldati GG, Zlinszky KK, Wunderlin SS, 

Ehrensperger FF. Immunohistochemical study of PrP(Sc) 

distribution in neural and extraneural tissues of two cats with 

feline spongiform encephalopathy. BMC Vet Res. 2009;5:11. 

Hildebrandt H. Transmissible mink encephalopathy In: Kahn CM, 

Line S, Aiello SE, editors. The Merck veterinary manual 

[online]. Whitehouse Station, NJ: Merck and Co; 2014. . 

Available at: 

http://www.merckvetmanual.com/mvm/exotic_and_laboratory_

animals/mink/prion_disease_of_mink.html. Accessed 1 Sept 

2016. 

Hill AF, Collinge J. Subclinical prion infection in humans and 

animals. Br Med Bull. 2003;66:161-70.  

Hilton DA. Pathogenesis and prevalence of variant Creutzfeldt-

Jakob disease. J Pathol. 2006;208:134-41. 

Hirata Y, Ito H, Furuta T, Ikuta K, Sakudo A. Degradation and 

destabilization of abnormal prion protein using alkaline 

detergents and proteases. Int J Mol Med. 2010;25(2):267-70. 

Hoffmann C, Eiden M, Kaatz M, Keller M, Ziegler U, Rogers R, 

Hills B, Balkema-Buschmann A, van Keulen L, Jacobs JG, 

Groschup MH. BSE infectivity in jejunum, ileum and 

ileocaecal junction of incubating cattle.Vet Res. 

2011;42(1):21. 

Hoffmann C, Ziegler U, Buschmann A, Weber A, Kupfer L, 

Oelschlegel A, Hammerschmidt B, Groschup MH. Prions 

spread via the autonomic nervous system from the gut to the 

central nervous system in cattle incubating bovine spongiform 

encephalopathy. J Gen Virol. 2007;88:1048-55. 

Hoinville LJ, Tongue SC, Wilesmith JW. Evidence for maternal 

transmission of scrapie in naturally affected flocks. Prev Vet 

Med. 2010;93(2-3):121-8.  

Horby P. Variant Creutzfeldt-Jakob disease: an unfolding 

epidemic of misfolded proteins. J Paediatr Child Health. 

2002;38:539-42. 

Houston F, McCutcheon S, Goldmann W, Chong A, Foster J, Sisó 

S, González L, Jeffrey M, Hunter N. Prion diseases are 

efficiently transmitted by blood transfusion in sheep. Blood. 

2008;112(12):4739-45. 

Hunter N. Scrapie and experimental BSE in sheep. Br Med Bull. 

2003;66:171-83. 

Irani DN. Johns Hopkins Department of Neurology. Resource on 

prion diseases [online]. Transmissible mink encephalopathy. 

Available at: http://www.jhu-prion.org/animal/anitme-

hist.shtml.* Accessed 7 Nov 2001. 

Iulini B, Cantile C, Mandara MT, Maurella C, Loria GR, 

Castagnaro M, Salvadori C, Porcario C, Corona C, Perazzini 

AZ, Maroni A, Caramelli M, Casalone C. Neuropathology of 

Italian cats in feline spongiform encephalopathy surveillance. 

Vet Pathol. 2008;45(5):626-33. 

Iwamaru Y, Imamura M, Matsuura Y, Masujin K, Shimizu Y, Shu 

Y, Kurachi M, Kasai K, Murayama Y, Fukuda S, Onoe S, 

Hagiwara K, Yamakawa Y, Sata T, Mohri S, Okada H, 

Yokoyama T. Accumulation of L-type bovine prions in 

peripheral nerve tissues.Emerg Infect Dis. 2010;16(7):1151-4. 

Jacques CN, Jenks JA, Jenny AL, Griffin SL. Prevalence of 

chronic wasting disease and bovine tuberculosis in free-

ranging deer and elk in South Dakota. J Wildl Dis. 

2003;39:29-34. 

Jewell JE, Brown J, Kreeger T, Williams ES.  Prion protein in 

cardiac muscle of elk (Cervus elaphus nelsoni) and white-

tailed deer (Odocoileus virginianus) infected with chronic 

wasting disease. J Gen Virol. 2006;87:3443-50. 

Jennelle CS, Samuel MD, Nolden CA, Keane DP, Barr DJ, 

Johnson C, Vanderloo JP, Aiken JM, Hamir AN, Hoover EA. 

Surveillance for transmissible spongiform encephalopathy in 

scavengers of white-tailed deer carcasses in the chronic 

wasting disease area of Wisconsin. J Toxicol Environ Health 

A. 2009;72(17-18):1018-24. 

Kanata E, Humphreys-Panagiotidis C, Giadinis ND, Papaioannou 

N, Arsenakis M, Sklaviadis T. Perspectives of a scrapie 

resistance breeding scheme targeting Q211, S146 and K222 

caprine PRNP alleles in Greek goats. Vet Res. 2014;45:43.  

Kariv-Inbal Z, Ben-Hur T, Grigoriadis NC, Engelstein R, Gabizon 

R. Urine from scrapie-infected hamsters comprises low levels 

of prion infectivity. Neurodegener Dis. 2006;3:123-8. 

Keane D, Barr D, Osborn R, Langenberg J, O'Rourke K, Schneider 

D, Bochsler P.Validation of use of rectoanal mucosa-associated 

lymphoid tissue for immunohistochemical diagnosis of chronic 

wasting disease in white-tailed deer (Odocoileus virginianus). J 

Clin Microbiol. 2009;47(5):1412-7. 

Kelly DF, Wells GA, Haritani M, Higgins RJ, Jeffrey M. 

Neuropathological findings in cats with clinically suspect but 

histologically unconfirmed feline spongiform encephalopathy. 

Vet Rec. 2005;156:472-7. 

Kim TY, Shon HJ, Joo YS, Mun UK, Kang KS, Lee YS. 

Additional cases of chronic wasting disease in imported deer 

in Korea. J Vet Med Sci. 2005;67:753-9. 

Kimura K, Haritani M. Distribution of accumulated prion protein 

in a cow with bovine spongiform encephalopathy. Vet Rec. 

2008;162(25):822-5. 

Kittelberger R, Chaplin MJ, Simmons MM, Ramirez-Villaescusa 

A, McIntyre L, MacDiarmid SC, Hannah MJ, Jenner J, Bueno 

R, Bayliss D, Black H, Pigott CJ, O'Keefe JS. Atypical 

scrapie/Nor98 in a sheep from New Zealand. J Vet Diagn 

Invest. 2010;22(6):863-75. 

http://www.cfsph.iastate.edu/
http://www.merckvetmanual.com/mvm/exotic_and_laboratory_animals/mink/prion_disease_of_mink.html
http://www.merckvetmanual.com/mvm/exotic_and_laboratory_animals/mink/prion_disease_of_mink.html


Transmissible Spongiform Encephalopathies 

 

www.cfsph.iastate.edu  © 2003-2016 page 13 of 18 

Kong Q, Huang S, Zou W, Vanegas D, Wang M, Wu D, Yuan J, 

Zheng M, Bai H, Deng H, Chen K, Jenny AL, O'Rourke K, 

Belay ED, Schonberger LB, Petersen RB, Sy MS, Chen SG, 

Gambetti P. Chronic wasting disease of elk: transmissibility to 

humans examined by transgenic mouse models. J Neurosci. 

2005;25:7944-9. 

Konold T, Bone GE, Phelan LJ, Simmons MM, González L, Sisó 

S, Goldmann W, Cawthraw S, Hawkins SA. Monitoring of 

clinical signs in goats with transmissible spongiform 

encephalopathies. BMC Vet Res. 2010 4;6:13. 

Konold T, Bone G, Ryder S, Hawkins SA, Courtin F, Berthelin-

Baker C. Clinical findings in 78 suspected cases of bovine 

spongiform encephalopathy in Great Britain. Vet Rec. 

2004;155:659-66.  

Konold T, Davis A, Bone G, Bracegirdle J, Everitt S, Chaplin M, 

Saunders GC, Cawthraw S, Simmons MM. Clinical findings 

in two cases of atypical scrapie in sheep: a case report. BMC 

Vet Res. 2007;13;3:2. 

Konold T, Moore SJ, Bellworthy SJ, Simmons HA. Evidence of 

scrapie transmission via milk. BMC Vet Res. 2008;4:14. 

Konold T, Moore SJ, Bellworthy SJ, Terry LA, Thorne L, Ramsay 

A, Salguero FJ, Simmons MM, Simmons HA. Evidence of 

effective scrapie transmission via colostrum and milk in sheep. 

BMC Vet Res. 2013;9:99. 

Konold T, Phelan L. Clinical examination protocol for the 

detection of scrapie. Vet Rec. 2014;174(10):257. 

Konold T, Simmons HA, Webb PR, Bellerby PJ, Hawkins SA, 

González L. Transmission of classical scrapie via goat milk. 

Vet Rec. 2013;172(17):455.  

Kreeger TJ, Montgomery DL, Jewell JE, Schultz W, Williams ES. 

Oral transmission of chronic wasting disease in captive Shira's 

moose. J Wildl Dis. 2006;42:640-5.  

Kubler E, Oesch B, Raeber AJ. Diagnosis of prion diseases. Br 

Med Bull. 2003;66:267-79. 

Kurt TD, Sigurdson CJ. Cross-species transmission of CWD 

prions. Prion. 2016;10(1):83-91.  

Lacroux C, Comoy E, Moudjou M, Perret-Liaudet A, Lugan S, et 

al. Preclinical detection of variant CJD and BSE prions in 

blood. PLoS Pathog. 2014;10(6):e1004202. 

Lacroux C, Corbiere F, Tabouret G, Lugan S, Costes P, Mathey J, 

Delmas JM, Weisbecker JL, Foucras G, Cassard H, Elsen JM, 

Schelcher F, Andreoletti O. Dynamics and genetics of PrPSc 

placental accumulation in sheep. J Gen Virol. 2007;88:1056-61. 

Lacroux C, Perrin-Chauvineau C, Corbière F, Aron N, Aguilar-

Calvo P, Torres JM, Costes P, Brémaud I, Lugan S, Schelcher 

F, Barillet F, Andréoletti O. Genetic resistance to scrapie 

infection in experimentally challenged goats. J Virol. 

2014;88(5):2406-13. 

Lacroux C, Simon S, Benestad SL, Maillet S, Mathey J, et al. 

Prions in milk from ewes incubating natural scrapie. PLoS 

Pathog. 2008;4:1000238. 

Lasmézas CI, Comoy E, Hawkins S, Herzog C, Mouthon F, 

Konold T, Auvré F, Correia E, Lescoutra-Etchegaray N, Salès 

N, Wells G, Brown P, Deslys JP. Risk of oral infection with 

bovine spongiform encephalopathy agent in primates. Lancet. 

2005;365:781-3. 

Le Dur A, Beringue V, Andreoletti O, Reine F, Lai TL, Baron T, 

Bratberg B, Vilotte JL, Sarradin P, Benestad SL, Laude H. A 

newly identified type of scrapie agent can naturally infect 

sheep with resistant PrP genotypes. Proc Natl Acad Sci U S A. 

2005;102:16031-6. 

Lehmann S, Pastore M, Rogez-Kreuz C, Richard M, Belondrade 

M, Rauwel G, Durand F, Yousfi R, Criquelion J, Clayette P, 

Perret-Liaudet A. New hospital disinfection processes for both 

conventional and prion infectious agents compatible with 

thermosensitive medical equipment. J Hosp Infect. 

2009;72(4):342-50.  

Lezmi S, Bencsik A, Monks E, Petit T, Baron T. First case of 

feline spongiform encephalopathy in a captive cheetah born in 

France: PrP(sc) analysis in various tissues revealed 

unexpected targeting of kidney and adrenal gland. Histochem 

Cell Biol. 2003;119:415-22. 

Lezmi S, Baron TG, Bencsik AA. Is the presence of abnormal 

prion protein in the renal glomeruli of feline species 

presenting with FSE authentic? BMC Vet Res. 2010;6:41. 

Liberski PP, Sikorska B, Guiroy D, Bessen RA. Transmissible 

mink encephalopathy - review of the etiology of a rare prion 

disease. Folia Neuropathol. 2009;47(2):195-204. 

Lord Phillips, chair. The BSE inquiry: The report. A report to the 

Minister of Agriculture, Fisheries and Food, the Secretary of 

State for Health and the Secretaries of State for Scotland, 

Wales and Northern Ireland. Report no. HC 887-1. London: 

Her Majesty’s Stationery Office; 2000. Available at: 

http://www.bseinquiry.gov.uk/report/. Accessed 2006 Jan. 

Ludlam CA, Turner ML. Managing the risk of transmission of 

variant Creutzfeldt Jakob disease by blood products. Br J 

Haematol. 2006;132:13-24. 

Luhken G, Buschmann A, Brandt H, Eiden M, Groschup MH, 

Erhardt G. Epidemiological and genetical differences between 

classical and atypical scrapie cases. Vet Res. 2007;38:65-80. 

Maddison BC, Baker CA, Rees HC, Terry LA, Thorne L, 

Bellworthy SJ, Whitelam GC, Gough KC. Prions are secreted 

in milk from clinically normal scrapie-exposed sheep. J Virol. 

2009;83(16):8293-6. 

Maddison BC, Baker CA, Terry LA, Bellworthy SJ, Thorne L, 

Rees HC, Gough KC. Environmental sources of scrapie 

prions. J Virol. 2010;84(21):11560-2. 

Maddison BC, Owen JP, Bishop K, Shaw G, Rees HC, Gough 

KC. The interaction of ruminant PrP(Sc) with soils is 

influenced by prion source and soil type. Environ Sci Technol. 

2010;44(22):8503-8. 

Maddison BC, Rees HC, Baker CA, Taema M, Bellworthy SJ, 

Thorne L, Terry LA, Gough KC. Prions are secreted into the 

oral cavity in sheep with preclinical scrapie. J Infect Dis. 

2010;201(11):1672-6.  

Maestrale C, Cancedda MG, Pintus D, Masia M, Nonno R, Ru G, 

Carta A, Demontis F, Santucciu C, Ligios C. Genetic and 

pathological follow-up study of goats experimentally and 

naturally exposed to a sheep scrapie isolate. J Virol. 

2015;89(19):10044-52. 

Manjerovic MB, Green ML, Mateus-Pinilla N, Novakofski J. The 

importance of localized culling in stabilizing chronic wasting 

disease prevalence in white-tailed deer populations. Prev Vet 

Med. 2014;113(1):139-45. 

http://www.cfsph.iastate.edu/
http://www.bseinquiry.gov.uk/report/


Transmissible Spongiform Encephalopathies 

 

www.cfsph.iastate.edu  © 2003-2016 page 14 of 18 

Marsh RF. Animal model of human disease: Kuru, Creutzfeldt-

Jakob disease (slow virus infections). Animal model: 

transmissible mink encephalopathy, scrapie-like disease of 

mink. Am J Pathol. 1972;69:209-12.  

Marsh RF, Kincaid AE, Bessen RA, Bartz JC. Interspecies 

transmission of chronic wasting disease prions to squirrel 

monkeys (Saimiri sciureus). J Virol. 2005;79:13794-6.  

Martin S, Jeffrey M, González L, Sisó S, Reid HW, Steele P, 

Dagleish MP, Stack MJ, Chaplin MJ, Balachandran A. 

Immunohistochemical and biochemical characteristics of BSE 

and CWD in experimentally infected European red deer 

(Cervus elaphus elaphus). BMC Vet Res. 2009;5:26. 

Masujin K, Matthews D, Wells GA, Mohri S, Yokoyama T. 

Prions in the peripheral nerves of bovine spongiform 

encephalopathy-affected cattle. J Gen Virol. 2007;88: 

1850-8. 

Masujin K, Orrú CD, Miyazawa K, Groveman BR, Raymond LD, 

Hughson AG, Caughey B. Detection of atypical H-type bovine 

spongiform encephalopathy and discrimination of bovine 

prion strains by real-time quaking-induced conversion. J Clin 

Microbiol. 2016;54(3):676-86.  

Mathiason CK, Hays SA, Powers J, Hayes-Klug J, Langenberg J, 

Dahmes SJ, Osborn DA, Miller KV, Warren RJ, Mason GL, 

Hoover EA. Infectious prions in pre-clinical deer and 

transmission of chronic wasting disease solely by 

environmental exposure. PLoS One. 2009;4(6):e5916.  

Mathiason CK, Powers JG, Dahmes SJ, Osborn DA, Miller KV, et 

al. Infectious prions in the saliva and blood of deer with 

chronic wasting disease. Science. 2006;314:133-6.  

Matsuura Y, Ishikawa Y, Bo X, Murayama Y, Yokoyama T, 

Somerville RA, Kitamoto T, Mohri S. Quantitative analysis of 

wet-heat inactivation in bovine spongiform encephalopathy. 

Biochem Biophys Res Commun. 2013;432(1):86-91.  

McDonnell G, Dehen C, Perrin A, Thomas V, Igel-Egalon A, 

Burke PA, Deslys JP, Comoy E. Cleaning, disinfection and 

sterilization of surface prion contamination. J Hosp Infect. 

2013;85(4):268-73. 

McKenzie D, Bartz JC, Marsh RF. Transmissible mink 

encephalopathy. Semin Virol. 1996;7:201-6. 

Meloni D, Davidse A, Langeveld JP, Varello K, Casalone C, 

Corona C, Balkema-Buschmann A, Groschup MH, Ingravalle 

F, Bozzetta E.EU-approved rapid tests for bovine spongiform 

encephalopathy detect atypical forms: a study for their 

sensitivities. PLoS One. 2012;7(9):e43133.  

Miller MW, Wild MA. Epidemiology of chronic wasting disease 

in captive white-tailed and mule deer. J Wildl Dis. 

2004;40:320-7. 

Miller MW, Williams ES, Hobbs NT, Wolfe LL. Environmental 

sources of prion transmission in mule deer. Emerg Infect Dis. 

2004;10:1003-6.  

Monello RJ, Powers JG, Hobbs NT, Spraker TR, O'Rourke KI, 

Wild MA. Efficacy of antemortem rectal biopsies to diagnose 

and estimate prevalence of chronic wasting disease in free-

ranging cow elk (Cervus elaphus nelsoni). Wildl Dis. 2013 

Apr;49(2):270-8. 

Monleón E, Garza MC, Sarasa R, Alvarez-Rodriguez J, Bolea R, 

Monzón M, Vargas MA, Badiola JJ, Acín C. An assessment of 

the efficiency of PrPsc detection in rectal mucosa and third-

eyelid biopsies from animals infected with scrapie. Vet 

Microbiol. 2011;147(3-4):237-43. 

Morawski AR, Carlson CM, Chang H, Johnson CJ. In vitro prion 

protein conversion suggests risk of bighorn sheep (Ovis 

canadensis) to transmissible spongiform encephalopathies. 

BMC Vet Res. 2013;9:157.  

Moum T, Olsaker I, Hopp P, Moldal T, Valheim M, Moum T, 

Benestad SL. Polymorphisms at codons 141 and 154 in the 

ovine prion protein gene are associated with scrapie Nor98 

cases. J Gen Virol. 2005;86:231-5. 

Nalls AV, McNulty E, Powers J, Seelig DM, Hoover C, Haley NJ, 

Hayes-Klug J, Anderson K, Stewart P, Goldmann W, Hoover 

EA, Mathiason CK. Mother to offspring transmission of 

chronic wasting disease in reeves' muntjac deer. PLoS One. 

2013;8(8):e71844.  

Nichols TA, Fischer JW, Spraker TR, Kong Q, VerCauteren KC. 

CWD prions remain infectious after passage through the 

digestive system of coyotes (Canis latrans). Prion. 

2015;9(5):367-75. 

Nichols TA, Spraker TR, Rigg TD, Meyerett-Reid C, Hoover C, 

Michel B, Bian J, Hoover E, Gidlewski T, Balachandran A, 

O'Rourke K, Telling GC, Bowen R, Zabel MD, VerCauteren 

KC. Intranasal inoculation of white-tailed deer (Odocoileus 

virginianus) with lyophilized chronic wasting disease prion 

particulate complexed to montmorillonite clay. PLoS One. 

2013;8(5):e62455. 

Norwegian Food Safety Authority. Chronic wasting disease in 

Norway. 2016. Available at: 

http://www.mattilsynet.no/language/english/animals/chronic_

wasting_disease_in_norway.23274. Accessed 28 Jul 2016. 

Novakofski J, Brewer MS, Mateus-Pinilla N, Killefer J, McCusker 

RH. Prion biology relevant to bovine spongiform 

encephalopathy. J Anim Sci. 2005;83:1455-76. 

Okada H, Iwamaru Y, Fukuda S, Yokoyama T, Mohri S. 

Detection of disease-associated prion protein in the optic 

nerve and the adrenal gland of cattle with bovine spongiform 

encephalopathy by using highly sensitive immunolabeling 

procedures. J Histochem Cytochem. 2012;60(4):290-300. 

Okada H, Miyazawa K, Fukuda S, Iwamaru Y, Imamura M, 

Masujin K, Matsuura Y, Fujii T, Fujii K, Kageyama S, 

Yoshioka M, Murayama Y, Yokoyama T.The presence of 

disease-associated prion protein in skeletal muscle of cattle 

infected with classical bovine spongiform encephalopathy. J 

Vet Med Sci. 2014;76(1):103-7.  

Okada H, Miyazawa K, Imamura M, Iwamaru Y, Masujin K, 

Matsuura Y, Yokoyama T. Transmission of atypical scrapie to 

homozygous ARQ sheep. J Vet Med Sci. 2016 Jun 20. [Epub 

ahead of print] 

Olszowy KM, Lavelle J, Rachfal K, Hempstead S, Drouin K, 

Darcy JM 2nd, Reiber C, Garruto RM. Six-year follow-up of a 

point-source exposure to CWD contaminated venison in an 

Upstate New York community: risk behaviours and health 

outcomes 2005-2011. Public Health. 2014;128(9):860-8.  

Onnasch H, Gunn HM, Bradshaw BJ, Benestad SL, Bassett HF. 

Two Irish cases of scrapie resembling Nor98. Vet Rec. 

2004;155:636-7. 

Orge L, Galo A, Machado C, Lima C, Ochoa C, Silva J, Ramos 

M, Simas JP. Identification of putative atypical scrapie in 

sheep in Portugal. J Gen Virol. 2004;85:3487–3491. 

Orge L, Machado CG, Ramalho L, Carvalho R, Silva J, Almeida P, 

Tavares P, Ochoa C, Lima C, Pinto MJ, Simas JP. Identification 

of H-type BSE in Portugal.Prion. 2015;9(1):22-8. 

http://www.cfsph.iastate.edu/


Transmissible Spongiform Encephalopathies 

 

www.cfsph.iastate.edu  © 2003-2016 page 15 of 18 

Orrú CD, Favole A, Corona C, Mazza M, Manca M, Groveman 

BR, Hughson AG, Acutis PL, Caramelli M, Zanusso G, 

Casalone C, Caughey B. Detection and discrimination of 

classical and atypical L-type bovine spongiform 

encephalopathy by real-time quaking-induced conversion. 

Clin Microbiol. 2015;53(4):1115-20. 

Pattison J. The emergence of bovine spongiform encephalopathy 

and related diseases. Emerg Infect Dis. 1998;4:390-4. 

Pirisinu L, Migliore S, Di Bari MA, Esposito E, Baron T, 

D'Agostino C, De Grossi L, Vaccari G, Agrimi U, Nonno R. 

Molecular discrimination of sheep bovine spongiform 

encephalopathy from scrapie. Emerg Infect Dis. 

2011;17(4):695-8.  

Promed Mail. Chronic wasting disease, elk - South Korea 

(Kyungsang). Nov 25, 2004. Archive Number 20041125.3155. 

Available at Error! Hyperlink reference not valid.. Accessed 

30 Sept 2008. 

Promed Mail. Chronic wasting disease, cervid - Europe (02): 

(Norway) moose. Archive Number: 20160614.4276448 Available 

at: Error! Hyperlink reference not valid.. Accessed 28 Jul 

2016. 

Promed Mail. Feline spongiform encephalopathy, cat – Switzerland. 

Aug 24, 2003. Archive Number 20030824.2132. Available at 

Error! Hyperlink reference not valid.. Accessed 19 Sept 2007. 

Promed Mail. Feline spongiform encephalopathy, cheetah – Germany. 

Sept 13, 2007. Archive Number 20070913.3038. Available at 

http://www.promedmail.org. Accessed 19 Sept 2007. 

Pulford B, Spraker TR, Wyckoff AC, Meyerett C, Bender H, 

Ferguson A, Wyatt B, Lockwood K, Powers J, Telling GC, 

Wild MA, Zabel MD. Detection of PrPCWD in feces from 

naturally exposed Rocky Mountain elk (Cervus elaphus 

nelsoni) using protein misfolding cyclic amplification. J Wildl 

Dis. 2012;48(2):425-34. 

Race B, Meade-White KD, Miller MW, Barbian KD, Rubenstein 

R, et al. Susceptibilities of nonhuman primates to chronic 

wasting disease. Emerg Infect Dis. 2009;15(9):1366-76.  

Race B, Meade-White KD, Phillips K, Striebel J, Race R, 

Chesebro B. Chronic wasting disease agents in nonhuman 

primates. Emerg Infect Dis. 2014;20(5):833-7.  

Race BL, Meade-White KD, Ward A, Jewell J, Miller MW, 

Williams ES, Chesebro B, Race RE. Levels of abnormal prion 

protein in deer and elk with chronic wasting disease. Emerg 

Infect Dis. 2007;13:824-30. 

Raymond GJ, Raymond LD, Meade-White KD, Hughson AG, 

Favara C, Gardner D, Williams ES, Miller MW, Race RE, 

Caughey B. Transmission and adaptation of chronic wasting 

disease to hamsters and transgenic mice: evidence for strains. 

J Virol. 2007;81:4305-14. 

Richt JA, Kunkle RA, Alt D, Nicholson EM, Hamir AN, Czub S, 

Kluge J, Davis AJ, Hall SM. Identification and 

characterization of two bovine spongiform encephalopathy 

cases diagnosed in the United States. J Vet Diagn Invest. 

2007;19:142-54. 

Robinson MM, Hadlow WJ, Huff TP, Wells GA, Dawson M, 

Marsh RF, Gorham JR. Experimental infection of mink with 

bovine spongiform encephalopathy. J Gen Virol. 

1994;75:2151-5. 

Robinson SJ, Samuel MD, O'Rourke KI, Johnson CJ. The role of 

genetics in chronic wasting disease of North American 

cervids. Prion. 2012;6(2):153-62.  

Rodríguez-Martínez AB, Garrido JM, Maza S, Benedicto L, Geijo 

M, Gómez N, Minguijón E, Benestad SL, Juste RA. 

Atypical/Nor98 scrapie in the Basque country: a case report of 

eight outbreaks. BMC Vet Res. 2010;6:17.  

Rogez-Kreuz C, Yousfi R, Soufflet C, Quadrio I, Yan ZX, Huyot 

V, Aubenque C, Destrez P, Roth K, Roberts C, Favero M, 

Clayette P. Inactivation of animal and human prions by 

hydrogen peroxide gas plasma sterilization. Infect Control 

Hosp Epidemiol. 2009;30(8):769-77. 

Ronzon F, Bencsik A, Lezmi S, Vulin J, Kodjo A, Baron T. BSE 

inoculation to prion diseases-resistant sheep reveals tricky 

silent carriers. Biochem Biophys Res Commun. 

2006;350:872-7.  

Rubenstein R, Chang B, Gray P, Piltch M, Bulgin MS, Sorensen-

Melson S, Miller MW. Prion disease detection, PMCA 

kinetics, and IgG in urine from sheep naturally/experimentally 

infected with scrapie and deer with preclinical/clinical chronic 

wasting disease. J Virol. 2011;85(17):9031-8.  

Rutala WA, Weber DJ; Society for Healthcare Epidemiology of 

America. Guideline for disinfection and sterilization of prion-

contaminated medical instruments. Infect Control Hosp 

Epidemiol. 2010;31(2):107-17.  

Ryder S, Dexter G, Bellworthy S, Tongue S. Demonstration of 

lateral transmission of scrapie between sheep kept under 

natural conditions using lymphoid tissue biopsy. Res Vet Sci. 

2004;76:211-7. 

Saba R, Booth SA. The genetics of susceptibility to variant 

Creutzfeldt-Jakob disease. Public Health Genomics. 

2013;16(1-2):17-24.  

Salta E, Panagiotidis C, Teliousis K, Petrakis S, Eleftheriadis E, 

Arapoglou F, Grigoriadis N, Nicolaou A, Kaldrymidou E, 

Krey G, Sklaviadis T. Evaluation of the possible transmission 

of BSE and scrapie to gilthead sea bream (Sparus aurata). 

PLoS One. 2009 Jul 28;4(7):e6175. 

Saunders SE, Bartelt-Hunt SL, Bartz JC.Prions in the 

environment: occurrence, fate and mitigation. Prion. 

2008;2(4):162-9.  

Saunders SE, Bartz JC, Telling GC, Bartelt-Hunt SL. 

Environmentally-relevant forms of the prion protein. Environ 

Sci Technol. 2008;42(17):6573-9. 

Saunders SE, Bartz JC, Vercauteren KC, Bartelt-Hunt SL. An 

enzymatic treatment of soil-bound prions effectively inhibits 

replication. Appl Environ Microbiol. 2011;77(13):4313-7.  

Schneider DA, Harrington RD, Zhuang D, Yan H, Truscott TC, 

Dassanayake RP, O'Rourke KI. Disease-associated prion 

protein in neural and lymphoid tissues of mink (Mustela vison) 

inoculated with transmissible mink encephalopathy. J Comp 

Pathol. 2012;147(4):508-21. 

Schneider DA, Madsen-Bouterse SA, Zhuang D, Truscott TC, 

Dassanayake RP, O'Rourke KI. The placenta shed from goats 

with classical scrapie is infectious to goat kids and lambs. J 

Gen Virol. 2015;96(8):2464-9. 

Schuler KL, Jenks JA, DePerno CS, Wild MA, Swanson CC. 

Tonsillar biopsy test for chronic wasting disease: Two 

sampling approaches in mule deer and white-tailed deer. J 

Wildl Dis. 2005;41:820-4.  

Schwabenlander MD, Culhane MR, Hall SM, Goyal SM, 

Anderson PL, Carstensen M, Wells SJ, Slade WB, Armién 

AG. A case of chronic wasting disease in a captive red deer 

(Cervus elaphus). J Vet Diagn Invest. 2013;25(5):573-6. 

http://www.cfsph.iastate.edu/
http://www.promedmail.org/


Transmissible Spongiform Encephalopathies 

 

www.cfsph.iastate.edu  © 2003-2016 page 16 of 18 

Seeger H, Heikenwalder M, Zeller N, Kranich J, Schwarz P, 

Gaspert A, Seifert B, Miele G, Aguzzi A. Coincident scrapie 

infection and nephritis lead to urinary prion excretion. 

Science. 2005;310:324-6. 

Seidel B, Thomzig A, Buschmann A, Groschup MH, Peters R, 

Beekes M, Terytze K. Scrapie agent (Strain 263K) can 

transmit disease via the oral route after persistence in soil over 

years. PLoS ONE. 2007;2(5):e435. 

Selariu A, Powers JG, Nalls A, Brandhuber M, Mayfield A, 

Fullaway S, Wyckoff CA, Goldmann W, Zabel MM, Wild 

MA, Hoover EA, Mathiason CK. In utero transmission and 

tissue distribution of chronic wasting disease-associated prions 

in free-ranging Rocky Mountain elk. J Gen Virol. 

2015;96(11):3444-55.  

Seuberlich T. Overview of bovine encephalopathy. Kahn CM, 

Line S, Aiello SE, editors. The Merck veterinary manual 

[online]. Whitehouse Station, NJ: Merck and Co; 2014. 

Bovine spongiform encephalopathy. Available at:. 

http://www.merckvetmanual.com/mvm/nervous_system/bovin

e_spongiform_encephalopathy/overview_of_bovine_spongifo

rm_encephalopathy.html.  Accessed 26 Aug 2016.  

Seuberlich T, Heim D, Zurbriggen A. Atypical transmissible 

spongiform encephalopathies in ruminants: a challenge for 

disease surveillance and control. J Vet Diagn Invest. 

2010;22(6):823-42. 

Shimada K, Hayashi HK, Ookubo Y, Iwamaru Y, Imamura M, 

Takata M, Schmerr MJ, Shinagawa M, Yokoyama T.Rapid 

PrP(Sc) detection in lymphoid tissue and application to scrapie 

surveillance of fallen stock in Japan: variable PrP(Sc) 

accumulation in palatal tonsil in natural scrapie. Microbiol 

Immunol. 2005;49:801-4. 

Sigurdson CJ, Aguzzi A. Chronic wasting disease. Biochim 

Biophys Acta. 2007;1772:610-8.  

Sigurdson CJ, Miller MW. Other animal prion diseases. Br Med 

Bull. 2003;66:199-212 

Simmons MM, Konold T, Simmons HA, Spencer YI, Lockey R, 

Spiropoulos J, Everitt S, Clifford D. Experimental 

transmission of atypical scrapie to sheep. BMC Vet Res. 

2007;3:20. 

Simmons MM, Moore SJ, Konold T, Thurston L, Terry LA, 

Thorne L, Lockey R, Vickery C, Hawkins SA, Chaplin MJ, 

Spiropoulos J. Experimental oral transmission of atypical 

scrapie to sheep. Emerg Infect Dis. 2011;17(5):848-54.  

Simmons MM, Moore SJ, Lockey R, Chaplin MJ, Konold T, 

Vickery C, Spiropoulos J. Phenotype shift from atypical 

scrapie to CH1641 following experimental transmission in 

sheep. PLoS One. 2015;10(2):e0117063.  

Smith CB, Booth CJ, Pedersen JA. Fate of prions in soil: a review. 

J Environ Qual. 2011;40(2):449-61. 

Smith JD, Nicholson EM, Greenlee JJ. Evaluation of a 

combinatorial approach to prion inactivation using an 

oxidizing agent, SDS, and proteinase K. BMC Vet Res. 

2013;9:151. 

Smith M, Sherman D. Goat medicine. Pennsylvania: Lea and 

Febiger; 1994. Scrapie; p. 133-5. 

Smith PG, Bradley R. Bovine spongiform encephalopathy (BSE) 

and its epidemiology. Br Med Bull. 2003;66:185-98. 

Sofianidis G, Psychas V, Billinis C, Spyrou V, Argyroudis S, 

Vlemmas I. Atypical PrPsc distribution in goats naturally 

affected with scrapie. J Comp Pathol. 2008;138(2-3):90-101.  

Sohn HJ, Kim JH, Choi KS, Nah JJ, Joo YS, Jean YH, Ahn SW, 

Kim OK, Kim DY, Balachandran A. A case of chronic 

wasting disease in an elk imported to Korea from Canada. J 

Vet Med Sci. 2002;64:855-8. 

Somerville RA, Gentles N. Characterization of the effect of heat 

on agent strains of the transmissible spongiform 

encephalopathies. J Gen Virol. 2011;92(Pt 7):1738-48. 

Spencer MD, Knight RS, Will RG. First hundred cases of variant 

Creutzfeldt-Jakob disease: retrospective case note review of 

early psychiatric and neurological features. BMJ. 

2002;324:1479-82. 

Spiropoulos J, Hawkins SA, Simmons MM, Bellworthy SJ. 

Evidence of in utero transmission of classical scrapie in sheep. 

J Virol. 2014;88(8):4591-4. 

Spiropoulos J, Lockey R, Sallis RE, Terry LA, Thorne L, Holder 

TM, Beck KE, Simmons MM. Isolation of prion with BSE 

properties from farmed goat. Emerg Infect Dis. 

2011;17(12):2253-61. 

Spraker TR, Gidlewski TL, Balachandran A, VerCauteren KC, 

Creekmore L, Munger RD. Detection of PrP(CWD) in 

postmortem rectal lymphoid tissues in Rocky Mountain elk 

(Cervus elaphus nelsoni) infected with chronic wasting 

disease. J Vet Diagn Invest. 2006;18:553-7.  

Spraker TR, VerCauteren KC, Gidlewski T, Schneider DA, 

Munger R, Balachandran A, O’Rourke KI. Antemortem 

detection of PrPCWD in preclinical, ranch-raised Rocky 

Mountain elk (Cervus elaphus nelsoni) by biopsy of the rectal 

mucosa. J Vet Diagn Invest. 2009;21(1):15-24. 

Stack M, Jeffrey M, Gubbins S, Grimmer S, González L, Martin 

S, Chaplin M, Webb P, Simmons M, Spencer Y, Bellerby P, 

Hope J, Wilesmith J, Matthews D. Monitoring for bovine 

spongiform encephalopathy in sheep in Great Britain, 1998-

2004. J Gen Virol. 2006;87:2099-107. 

Suardi S, Vimercati C, Casalone C, Gelmetti D, Corona C, et al. 

Infectivity in skeletal muscle of cattle with atypical bovine 

spongiform encephalopathy. PLoS One. 2012;7(2):e31449. 

Tamgüney G, Miller MW, Wolfe LL, Sirochman TM, Glidden 

DV, Palmer C, Lemus A, DeArmond SJ, Prusiner SB. 

Asymptomatic deer excrete infectious prions in faeces. Nature. 

2009;461(7263):529-32.  

Tamgüney G, Richt JA, Hamir AN, Greenlee JJ, Miller MW, 

Wolfe LL, Sirochman TM, Young AJ, Glidden DV, Johnson 

NL, Giles K, DeArmond SJ, Prusiner SB. Salivary prions in 

sheep and deer. Prion. 2012;6(1):52-61.  

Terry LA, Howells L, Bishop K, Baker CA, Everest S, Thorne L, 

Maddison BC, Gough KC. Detection of prions in the faeces of 

sheep naturally infected with classical scrapie. Vet Res. 

2011;42:65. 

Terry LA, Howells L, Hawthorn J, Edwards JC, Moore SJ, 

Bellworthy SJ, Simmons H,  Lizano S, Estey L, Leathers V, 

Everest SJ. Detection of PrPsc in blood from sheep infected 

with the scrapie and bovine spongiform encephalopathy 

agents. J Virol. 2009;83(23):12552-8. 

Terry LA, Jenkins R, Thorne L, Everest SJ, Chaplin MJ, Davis 

LA, Stack MJ. First case of H-type bovine spongiform 

encephalopathy identified in Great Britain. Vet Rec. 

2007;160:873-4. 

http://www.cfsph.iastate.edu/
http://www.merckvetmanual.com/mvm/nervous_system/bovine_spongiform_encephalopathy/overview_of_bovine_spongiform_encephalopathy.html
http://www.merckvetmanual.com/mvm/nervous_system/bovine_spongiform_encephalopathy/overview_of_bovine_spongiform_encephalopathy.html
http://www.merckvetmanual.com/mvm/nervous_system/bovine_spongiform_encephalopathy/overview_of_bovine_spongiform_encephalopathy.html


Transmissible Spongiform Encephalopathies 

 

www.cfsph.iastate.edu  © 2003-2016 page 17 of 18 

The National Creutzfeldt-Jakob Disease Surveillance Unit [CJD 

Unit], United Kingdom. Variant CJD cases worldwide. CJD 

Unit, U.K.; 2016 May. Available at: 

http://www.cjd.ed.ac.uk/documents/worldfigs.pdf.  Accessed 

28 Aug 2016.  

Thomas JG, Chenoweth CE, Sullivan SE. Iatrogenic Creutzfeldt-

Jakob disease via surgical instruments. J Clin Neurosci. 

2013;20(9):1207-12.  

Thomsen BV, Schneider DA, O'Rourke KI, Gidlewski T, McLane 

J, Allen RW, McIsaac AA, Mitchell GB, Keane DP, Spraker 

TR, Balachandran A. Diagnostic accuracy of rectal mucosa 

biopsy testing for chronic wasting disease within white-tailed 

deer (Odocoileus virginianus) herds in North America: effects 

of age, sex, polymorphism at PRNP codon 96, and disease 

progression. J Vet Diagn Invest. 2012;24(5):878-87.  

Touzeau S, Chase-Topping ME, Matthews L, Lajous D, Eychenne 

F, Hunter N, Foster JD, Simm G, Elsen JM, Woolhouse ME. 

Modelling the spread of scrapie in a sheep flock: evidence for 

increased transmission during lambing seasons. Arch Virol. 

2006;151:735-51. 

Torres JM, Andréoletti O, Lacroux C, Prieto I, Lorenzo P, Larska 

M, Baron T, Espinosa JC. Classical bovine spongiform 

encephalopathy by transmission of H-type prion in 

homologous prion protein context. Emerg Infect Dis. 

2011;17(9):1636-44. 

Tyshenko MG. Bovine spongiform encephalopathy and the safety 

of milk from Canadian dairy cattle. Vet Rec. 2007;160:215-8. 

U.K. Food Standards Agency. BSE and beef: new controls 

explained. Available at: 

www.food.gov.uk/sites/default/files/multimedia/pdfs/publicati

on/bsebooklet.pdf.  Accessed 29 Aug 2016. 

United Kingdom Department for Environment Food and Rural 

Affairs (DEFRA). Official statistics. Exotic species and 

domestic cats: TSE surveillance statistics. DEFRA; 2016 Feb. 

Available at: https://www.gov.uk/government/statistics/exotic-

species-and-domestic-cats-tse-surveillance-statistics.  

Accessed 5 Sept 2016.  

U.K. Veterinary Laboratories Agency (VLA). Cattle TSE 

surveillance statistics. VLA; 5 Apr 2012. Available at:  

http://vla.defra.gov.uk/science/sci_tse_stats_catt.htm.* 

Accessed 30 Apr 2012. 

U.S. Department of Agriculture, Animal and Plant Health Inspection 

Service [USDA APHIS]. Bovine spongiform encephalopathy 

(BSE): ongoing surveillance program. Available at: 

https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/animal-

disease-information/cattle-disease-

information/sa_bse/ct_monthly_surv_test/.  Accessed 29 Aug 2016. 

U.S. Department of Agriculture, Animal and Plant Health 

Inspection Service [USDA APHIS]. Bovine spongiform 

encephalopathy (BSE) response plan summary. USDA 

APHIS; 1998 Oct. Available at: 

http://permanent.access.gpo.gov/lps3025/bsesum.pdf.  

Accessed 215 Aug 2007. 

U.S. Department of Agriculture, Animal and Plant Health 

Inspection Service [USDA APHIS]. BSE surveillance in the 

United States. USDA APHIS; 2016 Jun. Available at: 

https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/anim

al-disease-information/cattle-disease-

information/sa_bse/ct_surv_in_usa.  Accessed 29 Aug 2016. 

U.S. Department of Agriculture, Animal and Plant Health Inspection 

Service [USDA APHIS]. National scrapie eradication program. 

Available at: 

https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/animal

-disease-information/sheep-and-goat-health/national-scrapie-

eradication-program/ct_scrapie_home.  Accessed 30 Aug 2016. 

U.S. Department of Agriculture, Animal and Plant Health Inspection 

Service [USDA APHIS]. Scrapie program standards volume 2: 

scrapie-free flock certification program. USDA APHIS; 2016 

May. Available at: 

https://www.aphis.usda.gov/animal_health/animal_diseases/scra

pie/downloads/standards_current.pdf.  Accessed 28 Aug. 2016. 

U.S. Department of Agriculture, Animal and Plant Health Inspection 

Service [USDA APHIS]. Centers for Epidemiology and Animal 

Health. National scrapie surveillance plan. USDA APHIS; 2010 

Sept. Available at: 

https://www.aphis.usda.gov/animal_health/animal_diseases/scra

pie/downloads/national_scrapie_surv_plan.pdf.  Accessed 30 

Aug 2016. 

U.S. Department of Agriculture. Animal and Plant Health 

Inspection Service [USDA APHIS]. Transmissible mink 

encephalopathy. USDA APHIS; 2002 Feb. Available at: 

http://www.aphis.usda.gov/lpa/pubs/fsheet_faq_notice/fs_aht

me.html.* Accessed 5 Oct 2008. 

U.S. Department of Agriculture, Animal and Plant Health 

Inspection Service [USDA APHIS]. Centers for Epidemiology 

and Animal Health. Highlights of phase II: Scrapie: Ovine 

slaughter surveillance study 2002-2003 [online]. USDA 

APHIS; 2004 March. Available at: 

http://nahms.aphis.usda.gov/sheep/SOSS_highlights.pdf.* 

Accessed 5 Apr 2007. 

U.S. Food and Drug Administration [FDA]. Bovine spongiform 

encephalopathy. FDA; 2016 Mar. Available at: 

http://www.fda.gov/animalveterinary/guidancecomplianceenfo

rcement/complianceenforcement/bovinespongiformencephalo

pathy/default.htm.  Accessed 30 Aug 2016. 

Vaccari G, Di Bari MA, Morelli L, Nonno R, Chiappini B, 

Antonucci G, Marcon S, Esposito E, Fazzi P, Palazzini N, 

Troiano P, Petrella A, Di Guardo G, Agrimi U. Identification 

of an allelic variant of the goat PrP gene associated with 

resistance to scrapie. J Gen Virol. 2006;87:1395-402. 

Vaccari G, Panagiotidis CH, Acin C, Peletto S, Barillet F, et al. 

State-of-the-art review of goat TSE in the European Union, 

with special emphasis on PRNP genetics and epidemiology. 

Vet Res. 2009;40(5):48. 

Vascellari M, Nonno R, Mutinelli F, Bigolaro M, Di Bari MA, 

Melchiotti E, Marcon S, D'Agostino C, Vaccari G, Conte M, 

De Grossi L, Rosone F, Giordani F, Agrimi U. PrPSc in 

salivary glands of scrapie-affected sheep. J Virol. 2007 

81:4872-6. 

VerCauteren KC, Pilon JL, Nash PB, Phillips GE, Fischer JW. 

Prion remains infectious after passage through digestive 

system of American crows (Corvus brachyrhynchos). PLoS 

One. 2012;7(10):e45774. 

Williams ES. Chronic wasting disease. Vet Pathol. 2005;42:530-49. 

Williams ES, Miller MW.  Transmissible spongiform 

encephalopathies in non-domestic animals: origin, 

transmission and risk factors. Rev Sci Tech. 2003;22:145-56. 

http://www.cfsph.iastate.edu/
http://www.cjd.ed.ac.uk/documents/worldfigs.pdf
http://www.food.gov.uk/sites/default/files/multimedia/pdfs/publication/bsebooklet.pdf
http://www.food.gov.uk/sites/default/files/multimedia/pdfs/publication/bsebooklet.pdf
https://www.gov.uk/government/statistics/exotic-species-and-domestic-cats-tse-surveillance-statistics
https://www.gov.uk/government/statistics/exotic-species-and-domestic-cats-tse-surveillance-statistics
https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/animal-disease-information/cattle-disease-information/sa_bse/ct_monthly_surv_test/
https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/animal-disease-information/cattle-disease-information/sa_bse/ct_monthly_surv_test/
https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/animal-disease-information/cattle-disease-information/sa_bse/ct_monthly_surv_test/
http://permanent.access.gpo.gov/lps3025/bsesum.pdf
https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/animal-disease-information/cattle-disease-information/sa_bse/ct_surv_in_usa
https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/animal-disease-information/cattle-disease-information/sa_bse/ct_surv_in_usa
https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/animal-disease-information/cattle-disease-information/sa_bse/ct_surv_in_usa
https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/animal-disease-information/sheep-and-goat-health/national-scrapie-eradication-program/ct_scrapie_home
https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/animal-disease-information/sheep-and-goat-health/national-scrapie-eradication-program/ct_scrapie_home
https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/animal-disease-information/sheep-and-goat-health/national-scrapie-eradication-program/ct_scrapie_home
https://www.aphis.usda.gov/animal_health/animal_diseases/scrapie/downloads/standards_current.pdf
https://www.aphis.usda.gov/animal_health/animal_diseases/scrapie/downloads/standards_current.pdf
https://www.aphis.usda.gov/animal_health/animal_diseases/scrapie/downloads/national_scrapie_surv_plan.pdf
https://www.aphis.usda.gov/animal_health/animal_diseases/scrapie/downloads/national_scrapie_surv_plan.pdf
http://www.fda.gov/animalveterinary/guidancecomplianceenforcement/complianceenforcement/bovinespongiformencephalopathy/default.htm
http://www.fda.gov/animalveterinary/guidancecomplianceenforcement/complianceenforcement/bovinespongiformencephalopathy/default.htm
http://www.fda.gov/animalveterinary/guidancecomplianceenforcement/complianceenforcement/bovinespongiformencephalopathy/default.htm


Transmissible Spongiform Encephalopathies 

 

www.cfsph.iastate.edu  © 2003-2016 page 18 of 18 

World Organization for Animal Health [OIE]. Manual of 

diagnostic tests and vaccines [online]. Paris: OIE; 2016. 

Bovine spongiform encephalopathy. Available at: 

http://www.oie.int/fileadmin/Home/eng/Health_standards/tah

m/2.04.05_BSE.pdf.  Accessed 26 Aug 2016. 

World Organization for Animal Health [OIE]. Manual of 

diagnostic tests and vaccines [online]. Paris: OIE; 2016. 

Scrapie. Available at: 

http://www.oie.int/fileadmin/Home/eng/Health_standards/tah

m/2.07.12_SCRAPIE.pdf.  Accessed 20 Aug 2016. 

World Organization for Animal Health [OIE]. Number of reported 

cases of bovine spongiform encephalopathy (BSE) in farmed 

cattle worldwide (excluding the United Kingdom). Available 

at: http://www.oie.int/animal-health-in-the-world/bse-specific-

data/number-of-reported-cases-worldwide-excluding-the-

united-kingdom/.  Accessed 29 Aug 2016.  

World Organization for Animal Health [OIE]. Number of cases of 

bovine spongiform encephalopathy (BSE) reported in the 

United Kingdom. Available at: http://www.oie.int/animal-

health-in-the-world/bse-specific-data/number-of-cases-in-the-

united-kingdom/.  Accessed 29 Aug 2016.  

World Organization for Animal Health [OIE]. Terrestrial animal 

health code [online]. Paris: OIE; 2016. Bovine spongiform 

encephalopathy. Available at: 

http://www.oie.int/index.php?id=169&L=0&htmfile=chapitre

_bse.htm.  Accessed 29 Aug 2016. 

World Organization for Animal Health [OIE]. World animal 

health information database (WAHIS) interface. Scrapie. OIE; 

2015. Available at: 

http://www.oie.int/wahis_2/public/wahid.php/Wahidhome/Ho

me. Accessed 28 Aug 2016. 

Wyatt JM, Pearson GR, Gruffydd-Jones TJ. Feline spongiform 

encephalopathy. Feline Pract. 1993;21:7-9. 

Xu S, Reuter T, Gilroyed BH, Mitchell GB, Price LM, Dudas S, 

Braithwaite SL, Graham C, Czub S, Leonard JJ, Balachandran 

A, Neumann NF, Belosevic M, McAllister TA. 

Biodegradation of prions in compost. Environ Sci Technol. 

2014;48(12):6909-18.  

Yokoyama T, Okada H, Murayama Y, Masujin K, Iwamaru Y, 

Mohri S. Examination of the offspring of a Japanese cow 

affected with L-type bovine spongiform encephalopathy. J Vet 

Med Sci. 2011;73(1):121-3. 

Young S, Slocombe RF. Prion-associated spongiform 

encephalopathy in an imported Asiatic golden cat (Catopuma 

temmincki). Aust Vet J. 2003;81:295-6. 

Yuan Q, Eckland T, Telling G, Bartz J, Bartelt-Hunt S. Mitigation 

of prion infectivity and conversion capacity by a simulated 

natural process--repeated cycles of drying and wetting. PLoS 

Pathog. 2015;11(2):e1004638. 

Zanusso G, Casalone C, Acutis P, Bozzetta E, Farinazzo A, Gelati 

M, Fiorini M, Forloni G, Sy MS, Monaco S, Caramelli M. 

Molecular analysis of iatrogenic scrapie in Italy. J Gen Virol. 

2003;84:1047-52. 

Zanusso G, Nardelli E, Rosati A, Fabrizi G, Ferrari S, Carteri A, 

De Simone F, Rizzuto N, Monaco S.  Simultaneous 

occurrence of spongiform encephalopathy in a man and his cat 

in Italy. Lancet. 1998;352:1116-7. 

 

*Link defunct 

http://www.cfsph.iastate.edu/
http://www.oie.int/fileadmin/Home/eng/Health_standards/tahm/2.04.05_BSE.pdf
http://www.oie.int/fileadmin/Home/eng/Health_standards/tahm/2.04.05_BSE.pdf
http://www.oie.int/fileadmin/Home/eng/Health_standards/tahm/2.07.12_SCRAPIE.pdf
http://www.oie.int/fileadmin/Home/eng/Health_standards/tahm/2.07.12_SCRAPIE.pdf
http://www.oie.int/animal-health-in-the-world/bse-specific-data/number-of-reported-cases-worldwide-excluding-the-united-kingdom/
http://www.oie.int/animal-health-in-the-world/bse-specific-data/number-of-reported-cases-worldwide-excluding-the-united-kingdom/
http://www.oie.int/animal-health-in-the-world/bse-specific-data/number-of-reported-cases-worldwide-excluding-the-united-kingdom/
http://www.oie.int/animal-health-in-the-world/bse-specific-data/number-of-cases-in-the-united-kingdom/
http://www.oie.int/animal-health-in-the-world/bse-specific-data/number-of-cases-in-the-united-kingdom/
http://www.oie.int/animal-health-in-the-world/bse-specific-data/number-of-cases-in-the-united-kingdom/
http://www.oie.int/index.php?id=169&L=0&htmfile=chapitre_bse.htm
http://www.oie.int/index.php?id=169&L=0&htmfile=chapitre_bse.htm
http://www.oie.int/wahis_2/public/wahid.php/Wahidhome/Home
http://www.oie.int/wahis_2/public/wahid.php/Wahidhome/Home

	Transmissible Spongiform Encephalopathies of Animals
	Importance
	Etiology
	Species Affected
	Zoonotic potential

	Geographic Distribution
	Transmission
	Zoonotic transmission

	Disinfection

	Infections in Animals
	Incubation Period
	Clinical Signs
	Post Mortem Lesions  Click to view images
	Diagnostic Tests
	Treatment
	Control
	Disease reporting
	Prevention

	Morbidity and Mortality

	Infections in Humans
	BSE
	CWD

	Internet Resources
	Acknowledgements
	References

