
Mandates and Programs of 
National Prion Disease 
Pathology Surveillance Center

Departments of Pathology, Neurology, and 
National Prion Disease Pathology Surveillance Center 

Presented by Jiri G. Safar  
July 10, 2016	



Director:         Jiri Safar, Scientific Leadership, Oversight 
Co-Directors:    Mark Cohen, Diagnostic and Research Neuropathology  

     Brian Appleby, Clinical Chart Reviews and Advocacy 
     Clive Hamlin, Laboratory Diagnostics and Compliance 

Associate Director:   Wenquan Zou, Prion strain typing  

Other Program Faculty:  Shulin Zhang, Genetic Diagnostics 
     Marta Couce, Diagnostic Neuropathology 
     Pierluigi Gambetti, Neuropathology Consulting 

Advisory Board: 
Chair - Cliff Harding, Chair of Pathology    
            Anthony Furlan,  Chair of Neurology 
            Mark Chance, Vice Dean for Research   
            Jonathan Haines, Chair of Epidemiology  

  & Biostatistics 
 

 
James Ironside, Director and Professor, CJD Center, 

 University of Edinburgh, UK 
Debbie Yobs, President, Florence Kranitz, Past 

 President, Creutzfeldt-Jakob Disease 
Foundation 
Bernardino Ghetti, Distinguished Professor,  

 Indiana University 

NEW STRUCTURE OF THE 
NATIONAL PRION DISEASE PATHOLOGY SURVEILLANCE CENTER	

Database 

Frozen 
tissues, 

CSF, & Urine 
Fixed 

tissues 
Blood & 

Olphactory 
epithelium 

REPOSITORIES 
AND DATABASE 



Zoonotic and iatrogenic human prion 
pathogens 

iatrogenic 

sCJD 

BSE 

vCJD 

aBSE 

zoono%c	

CWD	

iCJD		

scrapie 		

iatrogenic 



CDC Surveillance Mandate to NPDPSC 
•  Perform autopsies of all atypical dementias in US suspected of 

prion disease to establish definite diagnosis and accumulate 
autopsy-verified epidemiological data for CDC 

•  Determine the origin of prion disease — sporadic, familial, 
iatrogenic, or zoonotic — using molecular differentiation of prion 
strains in the brain tissue and sequencing of PRNP gene 

•  In collaboration with CDC, identify epidemiological foci and 
monitor changes in the incidence and prevalence of human prion 
disease 

•  Monitor the spectrum of human prions in the US 

•  Develop and validate new rapid methods for detection and 
differentiation for human prions 

•  Serve as a Reference Laboratory for human prion disease in US 

•  Maintain repository fully characterized human prion tissues and 
body fluids for future research 



How we do it 



2015-2016	Technical	Progress	Report	

•  Introduced and validated second generation CSF RT - QuIC test for 
human prion diagnostics 

•  Upgraded operating structure and standards of the NPDPSC 

•  Transferred the operation, historical data, and sample tracking to 
CWRU server using the new integrated LabMatrix database for data 
entry and sample follow up – stage 2 of the transition 

•  Introduced new centralized remote freezer monitoring 

•  Upgraded tissue room and fixed tissue storage containers 

•  Introduced new Autostainer 480S for robotic histology slides 
processing 

•  Transferred western blot development from films to digital 
recording using GE Imager 600 

	





NPDPSC autopsy and biopsy rates 



Need for early reliable human prion 
detection and differentiation in vivo 

•  The 5-year autopsy assessment of US National Prion Disease 
Pathology Surveillance Center (NPDPSC) referrals indicate that the 
end-stage clinical diagnosis of probable prion disease is correct in 
~61%. 

•  The surrogate markers of human prion diseases in cerebrospinal 
fluid (CSF)  — total (t) Tau, tTtau/pTau ratio, 14-3-3, and neuron-
specific enolase (NSE) — have generally poor diagnostic specificity 
and sensitivity, often yielding discordant results in the same patient. 

•  The second generation real-time quaking-induced conversion (RT 
QuIC, IQ) allows direct detection of low levels of pathogenic prion 
protein (PrPSc) in CSF.  

•  NPDPSC performed the test in 2,141 patients with rapidly 
progressive neurological disorder suspected of prion disease, and 
evaluated the diagnostic performance in 272 cases that underwent 
autopsy and the detailed neuropathologic assessment.  



Analytical sensitivity of second generation  
RT QuIC for sporadic (s) CJD PrPSc 

 

Orrú CD et al., Mbio 2015 
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Neuropathology 
(n) 

Prion Positive  
(n) 

Sporadic CJD  
(n) 

Genetic CJD  
(n) 

193 126 111 15 
     RT QuIC 
Dx Specificity (%) 98.5 98.5 98.5 
Dx Sensitivity (%) 92.1 91.9 93.3 
     14-3-3 
Dx Specificity (%) 62.7 62.7 62.7 
Dx Sensitivity (%) 81.7 82.9 73.3 
     tTau>1150 pg/ml 
Dx Specificity (%) 46.3 46.3 46.3 
Dx Sensitivity (%) 90.5 91 86.7 

Diagnos%c	performance	of	second	genera%on		
CSF	RT	QuIC,	14-3-3,	and	tTau:		
Retrospec%ve	cohort		



Neuropathology  
(n) 

Prion Positive  
(n) 

Sporadic CJD  
(n) 

Genetic CJD  
(n) 

79 65 63 2 
    RT QuIC 

Dx Specificity (%) 100 100 100 
Dx Sensitivity (%) 94 94.7 100 
   14-3-3 
Dx Specificity (%) 40.0 40.0 40.0 
Dx Sensitivity (%) 79.1 80.7 100 
   tTau>1150 pg/ml 
Dx Specificity (%) 73.3 73.3 73.3 
Dx Sensitivity (%) 94 93 100 

Diagnos%c	performance	of	second	genera%on	CSF	RT	
QuIC,14-3-3,	and	tTau:		
Prospec%ve	cohort		



Neuropathological characteristics of 
distinct sCJD prions 

Codon 129 MM 
sCJD Type 1 
~60% 

Codon 129 MM 
sCJD Type 2 
~15% 



Diagnostic sensitivity of second generation  
RT QuIC for distinct sCJD prions in CSF 
 



Second generation RT QuIC differentiate  
MM1 and MM2 sCJD PrPSc in CSF 
 

P < 0.0001 



Second generation RT QuIC differentiate  
VV1 and VV2 sCJD PrPSc in CSF 

 

P < 0.001 



	Conclusion	

•  In autopsy-validated retrospective cohort, the 
diagnostic specificity of CSF RT QuIC was 98.5% and 
sensitivity 92-93%. 

•  In the continuing autopsy-validated prospective study, 
the diagnostic specificity thus far is 100% and 
sensitivity 94-95%, likely reflecting a higher proportion 
of cases with more aggressive disease. 

•  The CSF RT QuIC and genotyping performed together 
allow to correctly differentiate the sCJD MM1 from sCJD 
MM2 with 94% accuracy, and sCJD VV1 from sCJD VV2 
type with 93% reliability.  



Next	direc%ons	for	prion	diagnos%cs	

•  Ongoing study will validate the CSF RT QuIC for 
diagnosis of atypical and slowly progressive prion 
diseases, and for presymptomatic prion carriers.  

•  Alternative PrP substrates in CSF RT QuIC should 
facilitate early detection and differentiation of important 
human prion strains including vCJD, iCJD, gCJD, 
VPSPr, and atypical human prions, critical for future 
therapeutic interventions.  

•  Ongoing prospective skin and olfactory mucosa study 
will determine diagnostic sensitivity and specificity of 
RT QuIC and extend the diagnostic applications to 
easily accessible tissues and body fluids. 



Implications of CWD epidemic in wild ranging deer 
and elk for human prion surveillance 

•  CWD has the potential to infect the lymphoid tissues 
and/or the brain in humans with low efficiency. 

•  The “acquired” CWD in humans may likely exhibit 
phenotypes closely mimicking those of classic 
sporadic CJDs. 

•  Efficient transmission with CWD-like phenotypes in 
cervidized Tg mice could be a good marker for 
identification of acquired CWD in humans. 

•  Cervid-to-human transmission barrier is prion strain 
dependent. 



Next imperative questions for NPDPSC 

•  Is	CWD	Transmissible	to	Humans	in	CNS	or	
peripheral	%ssues?	

•  Is	CWD	transmission	to	humans	dependent	on	
the	CWD	prion	strain?	

•  If	CWD	is	zoono%c,	what	are	the	hallmarks	of	
CWD	infec%on	in	humans?	

•  Has	CWD	infec%on	in	humans	already	
occurred?	


