
Progress in detecting prions and diagnosing prion diseases

Byron Caughey 

TSE/Prion Biochemistry Section, 

LPVD, 

Rocky Mountain Labs

Pam CaugheyAmyloid plaque



BSE  

(mad cow disease)

chronic wasting disease

(CWD)

scrapie

Kuru, Creutzfeldt-Jakob disease (CJD)

Transmissible spongiform encephalopathies (prion) diseases

Slow, fatal, transmissible neurodegenerative diseases



Human TSE (prion) diseases

Å SPORADIC: 
ï Creutzfeldt-Jakob disease (sCJD)

ï 1 case per 2 million people annually worldwide

ï accounts for 95% of human TSE 

ï no known prion protein mutations

ï probably spontaneous disease

Å FAMILIAL: 
ï familial CJD 

ï Gerstmann-Sträussler-Scheinker syndrome  

ï fatal familial insomnia 

ï prion protein mutations

Å ACQUIRED:
ï kuru

ï iatrogenic CJD (from medical mistakes)
Åneurosurgery, dura mater and corneal 

transplants, growth hormone

ï variant CJD (from BSE-infected cattle)



TSE prions: a strange new class of infectious agent

ωLittle immune response by host

ωNo genes of its own

ωHard to decontaminate

An infectious protein

Purified prion amyloid



How infectious proteins (prion) reproduce:

an abnormal form of a host protein

normal

protein

Infectious

pathologic

(prion)

form

Shape change, clumping

Host gene

Input: 1 infectious unit

Output: 1-100 billion infectious units!

Host cell



Kraus, Groveman & Caughey, Ann Rev Micro 2013

Spreading routes for human prions



Definitive diagnostic tests

Å preclinical

Å early clinical

Rapid, sensitive assays for prion infectivity

Å diagnosis 

Å detecting contamination: 

Å blood 

Å transplanted organs

Å foods, feeds, dietary supplements 

Å other agricultural products

Å biotechnology products

Å pharmaceuticals

Å medical devices 

Å cosmetics

Å environment

C. Soto, Nat. Rev. Microbiol., 2004

The need for practical, sensitive detection of prions



Current diagnosis of sCJD

Probable CJD

Å Clinical features (remarkably heterogeneous)

Å EEG

Å MRI

Å 14-3-3 protein or tau tests (cerebrospinal fluid)

Definite CJD

Å PrPCJD deposition in brain tissue

Living patients

Biopsy or 

autopsy

In progress:

Definitive tests based on detecting PrPCJD in living patients 



Orrù et al, Prion 2012

Need multiple tests:

üprimary & confirmatory

ü improve specificity, minimize false positives

ücope with wide range of sample types and applications



Plate-based fluorescence detection of prion-seeded PrP amyloid

(Real-time Quaking-Induced Conversion: RT-QuIC)
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PrP amyloid with fluorescent stain

üExtremely sensitive
Áup to 1 billion-fold amplification

üQuantitative

üDisease specific

üMuch faster and cheaper than similarly sensitive tests
J. Wilham C. Orrú



Demonstrated applications:

Åhuman variant CJD, sporadic CJD, genetic TSEs

Årodent-adapted scrapie

Åsheep scrapie (classical & Nor98)

Ådeer/elk CWD

Åcattle BSE (classical & L-type)

Accessible diagnostic specimens:

Cerebrospinal fluid (humans, hamsters, cervids, sheep):

Wilham et al, PLoS Pathogens 2010

Atarashi et al, Nature Medicine 2011

Orrù et al, J Clin Micro 2012

McGuire et al, Ann Neurol  2012

Sano et al, PLoS One 2013

Haley et al, PLoS One 2013

Cramm et al, Mol Neurobiol 2014

Orrù et al., mBio 2015

Nasal fluid, brushings (humans, hamsters):
Wilham et al, PloS Pathogens 2010

Bessen et al, J Virol  2012

Orrù et al, New England J Med 2014

Zanusso et al., New England J Med 2014

Blood (humans, sheep, hamsters, mice):

Orrù et al, mBio 2011

Vascellari et al, PLoS One 2012

Elder et al, PLoS One 2013

Saliva (deer):

Henderson et al., PLoS One 2013

Urine (deer):

John et al, Prion 2013

RT-QuIC tests for TSE prions



2011

2012

RT-QuIC of CSF as a diagnostic test for human sCJD

ü77-89% sensitivity 

(% sCJDgiving positive test)

ü99-100% specificity

(% non-sCJDgiving negative test)


