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Chronic Wasting Disease (CWD)

• Prion disease of cervids (deer – WTD, BTD, MD, RD, RD; elk, & moose). Farmed 
& free-ranging animals 

• CWD prions widely distributed in infected animal (including blood, muscles)

• CWD prions shedding in saliva, feces & urine

• Direct spread by animal-to-animal contact; indirect by contamination of soil & 
water (salt licks, plants)

• Found in 3 Canadian provinces, 24 US states, Norway, Finland & South Korea. 
Continuous spread

• 40% elk in Estes Park/Colorado. 40% WTD in hot spots in Wisconsin. 30% 
mature male MD in hot spots in Alberta. Alberta CWD prevalence increases 
dramatically & spreads westwards (2005-2016 n= 592; 2017 n=327) 

• Long & clinically silent incubation period (elk > 34 months, deer ~ 25 months)

• Invariably fatal, no treatment, no vaccine

• Zoonotic potential?
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Dorsal Vagal Nucleus -
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CWD Transmission into non-human 

Primates

• Project 

• Transmissibility - to investigate zoonotic potential of CWD (1/5 

goals)

• Clinical endpoint (in extremis)

• Project start 2009 

• Experimental Design

• 21 macaques, different routes of challenge (n=18). 3 mock 

controls

• Intracranial – proof of concept 

• Per oral – risk via consumption 

• Skin scarification – risk via field dressing

• Intravenous  – risk via blood transfusion
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Animals & challenge material
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• Animals:

Cynomolgus macaques, female, 4 years, Mauritian origin 

(Noveprim/Spain) 

Wild-type PrP, 129 MM homozygous 

• CWD of 2 Canadian & 4 US origin:

WTD (farmed & hunted): 2 distinct CWD isolates 

WTD (experimental) challenged with elk, MD & WTD 

Elk (experimental): CWD2; 1.0 x107.0 - 7.2 i.c. ID50/g brain 

tg mice

MD (hunted)

Blood from Non-clinical donor macaques challenged with CWD 

MD, elk & WTD; 1.0 x 10 6 to 2.0 x 10 9 i.c ID50/g brain tg mice

CZUBS/UCVM/CFIA



Daus ML et all, PLoS One 2011

mAB: P4, bar = 250 µm

CWD-negative Control

H & EPET-blot

PrPCWD presence in WTD skeletal 
muscles (Pet-Blot)
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CWD Macaques ?
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Animal

#
AU153 AU389 AU519 AU520 AU408 AU469 AU467 AU501 AU385 AU316

Years

p.c.

2.8 4.5 5.2 6.3 6.5 6.9 5.8 5.4 6.2 7.4

Route i.c. sw i.c. sw i.c. sw i.c. sw i.c. i.c. oral oral oral oral

Inocul. WTD Elk WTD ELK WTD WTD WTD

brain

WTD,MD

muscle

WTD, 

MD

muscle

WTD,MD

muscle

Clinical

present.

- anxiety

ataxia

tremor

wasting

- wasting - apathy

wasting

wasting anxiety

ataxia

tremor

wasting

apathy

ataxia

tremor

wasting

ileus

Clinpat

h

- Glucose  - Glucose Glucose Glucose - - Glucose -

pm Euthan.

CWD ?

pm Euthan. Died 

(CSF)

Euthan.

CWD?

Died

(asphy)

Euthan.

CWD

Euthan.

CWD?

Euthan.

Animal data



Histopath & PrP IHC
Spinal Cord Midbrain

CZUBS/UCVM/CFIA 9



IHC cont’

GFAP

Neg. cont, 6H4
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Spinal cord involvement: progression over   

time
i.c./s.w., 4.5 years p.c. p.o. 7.4 years p.c. 

DRG

Substantia 
gelatinosa

Dorsal horns
Afferent  fibers

Efferent  fibers

Ventral horns

White 
matter

Grey 
matter

Holznagel E, Yutzy B, Schulz-Schaeffer et al. Emerg Infect Dis. 2013 May; 19(5): 712–720 11



385

L4

389

L4

A4

Cer.

MW

Western Blot (PrP27-30 in spinal cord from CWD-

Challenged Macaques)

30 kDa

20.1 kDa

Blot 2017-08-18 - Exp 9 - 02h - 01.JPG

Blot: 2017-08-18

Film exposure time: 2 h

Antibody: 3F4

PK digest.: 75 μg/ml

PNGase F digest.: No

Lanes*

MW: Low Molecular Weight Marker

AU385 L4 [7.5 x 10-4 gram equivalents / lane]
AU389 L4 [7.5 x 10-4 gram equivalents / lane]
A4 Cer: Cerebrum BSE macaque [1.0 x 10-5 gram equivalents / 
lane]
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RT-QuIC: lumbar spinal cord 
(fluorescence curve)
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CWD Macaques !

Histopathology, CWD prion 

deposition (IHC) & amyloid 
seeding
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CWDmac tg mice ?
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TgELK challenge 
(AU519 CWD WTD, i.c./sw,5.3 years)

20 µl 10% medulla homogenate i.c. in tgElk brain; 150 dpi

25 KDa

20 KDa

15 KDa

+ PK µg/ml)

mAb

4H11

Exp. time 10 sec

control: MD  CWD in TgElk; 10% brain; 50 µg/ml PK

Schaetzl & Gilch, UCVM/UofC 16



Histopathology tgElk
corpus callosum, parietal cortex, inner mol layer, cerebell. peduncle
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IHC TgElk - Olfactory Bulb

Animal #3, R145, x40Animal #1, 12F10 (+PK), x20

Animal #5, F99, x20 Animal#6, 12F10, x20

Animal #2, 12F10, x40

CZUBS/UCVM/CFIA 18



“Negative” IHC Controls

TgElk mouse #6, ob, 3F4, x200 Tg650 mouse A, F99, ob, x400
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CWDmac tg mice   !

infectious
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CWD Macaque Transmission: a work in 

progress (October 2018)
• 11/21 animals to assess; 4/11 with neurological signs

• 6/11 animals with wasting (5/11 animals with diabetes) (co-factor ? Disease 

indicator ?)

So far: 

• CWD challenge of macaques is possible

• Sub-clinical not full-blown CWD disease (yet ?) 

• “Atypical” spinal cord & midbrain involvement by-passing obex

• CWDmac transmissible: clinical tgElk; subclinical TgHu mice. Connecting 

structures not nuclei involved

Ongoing :

• More macaques /mice to be tested; bank vole challenges; second passage 

2 tg lines 

• Assays repeated in partner labs (PMCA, PET-BLOT, IHC, RT-QuiC, IHC)

• Post mortems of remaining animals in 2019 (in absence of clinical disease) 

• Precautionary approach applies! 
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Spread & Distribution of C-type BSE 
(Ch. Hoffmann et al, 2011)

• 1) Peyer’s patches

• 2) Sympathetic Ganglion Chain

• 3) Obex

• 4) Vagal nerve

• 5) Spinal cord

22
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Bigger context: 

Epidemiology: no evidence ?

in vitro assays: no/(yes) (PMCA, RT-QuIC)

tg mouse models: no (1 exception?)

non-human primates: no/yes 

3 pubs RML say 

no in macaques
I am sure they are right

CZUBS/UCVM/CFIA



Prions – Past, Present, Policy and 

What May Lie Ahead 
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Learning Objectives

• Differentiate between the TSEs discussed

• Trace the evolution of the vCJD issue from recognition to 
blood safety response

• Contrast the policy implications related to vCJD and CJD 
deferrals based on the known research

• Identify the ways in which the prion disease CWD in deer is a 
relevant public health threat

• Hypothesize about the future threat TSEs might be to the 
blood supply

www.aabb.org 3



 4 cases of apparent vCJD transfusion transmission

 Risk mitigation strategies in place

 0 recorded cases of sCJD transfusion transmission

 Studies suggest transfusion transmission of sCJD, if 

possible, is very rare

 Concern over sCJD transfusion transmission and 

subsequent vCJD outbreaks

 Continued surveillance is necessary



What are the current implications of CJD?

2

 Variant CJD has been shown to be transfusion 
transmissible
 Four cases of transfusion transmission 

 FDA Final Rule:

“[…] CJD and vCJD are relevant transfusion- transmitted 
infections because of the risks they present. 
Screening tests are not yet available for CJD and 
vCJD. It is current practice for establishments to perform 
screening by means of a medical history interview […] 
Consistent with these current practices, we have 
included CJD and vCJD in the definition of a relevant 
transfusion- transmitted infection […].” 



Donor History Questionnaire

3

 From 1980 through 1996,

 Did you spend time that adds up to 3 months or more in the 
United Kingdom?

 Were you a member of the U.S. military, a civilian military 
employee, or a dependent of a member of the U.S. military?

 From 1980 to the present, did you

 Spend time that adds up to 5 years or more in Europe?

 Receive a blood transfusion in the United Kingdom or 
France?

 Have you ever received a dura mater (or brain covering) 
graft or xenotransplantation product?

 Bovine Insulin / Human Pituitary Derived Growth 
Hormone

 Have any of your relatives had Creutzfeldt-Jakob 
disease?



Results from Risk Assessment Model 

with 3 Leukoreduction (LR) Options

Policy 
Option*

Total percentage risk reduction
Annual 

number of 
donors 

potentially
reentered

Donor 
deferral 

only

Donor 
deferral plus 
71.3% RBC 

LR

Donor 
deferral plus 
95% RBC LR

Donor 
deferral plus 

universal 
RBC LR

Option 1 79.0% 87.1% 89.8% 90.4% -

Option 2 78.0% 86.5% 89.3% 89.9% ~100,000

*Option 1. Current donor deferral policy (U.K. >3 months, 1980-1996; other 
countries in Europe >5 years, 1980-present)

Option 2. Modified donor deferral policy (U.K. >3 months, 1980-1996; France and 
Ireland: >5 years, 1980-2001)

Current LR in the U.S. estimated between 71.3% and 95% of units



Summary from the 2015 

TSE Advisory Committee 

FDA risk assessment model predicted that proposed 

modifications to the current deferral policy would maintain 

the current level of risk while allowing a modest number of 

donors currently deferred to be reentered and substantially 

simplify donor questionnaire 



FDA: Draft Guidance for Industry 

 Amendment to older guidance “Revised Preventive 

Measures to Reduce the Possible Risk of Transmission 

of Creutzfeldt-Jakob Disease and Variant Creutzfeldt-

Jakob Disease by Blood and Blood Products” 

 Issued for public comment 22 Dec. 2017

 Comments closed 90 days later

 FDA has reviewed comments and is preparing 

responses



Summary of Current and Proposed 

Geographical vCJD Blood Donor Deferrals

Current deferrals Proposed deferrals

Donors who spent cumulatively ≥ 3 
months in the U.K. from 1980 to 1996

Unchanged

Donors who spent cumulatively ≥ 5 years 
in France or other countries in Europe 
from 1980 to present

Donors who spent cumulatively ≥ 5 years 
in France or Ireland from 1980 to 2001

Donors with a history of blood 
transfusion in the U.K. and France from 
1980 to the present

Donors with a history of blood 
transfusion in the U.K., France, or 
Ireland from 1980 to the present

Donors based on time and duration of 
exposure at military bases in Europe 
during periods in which commissaries 
and mess halls were supplied with beef 
products from the U.K.

Unchanged 



Main points from Draft Guidance

 Individuals who resided in any European 

countries (other than U.K., Ireland and France) 

for any period of time will no longer be deferred 

from donating blood in the U.S.

 The risk period for donating blood if the donor 

resided in Ireland or France is no longer open-

ended (1980 to present) but it ends in 2001 

(1980-2001)



Donor History Questionnaire

9

 From 1980 through 1996,

 Did you spend time that adds up to 3 months or more in the 
United Kingdom?

 Were you a member of the U.S. military, a civilian military 
employee, or a dependent of a member of the U.S. military?

 From 1980 to the present, did you

 Spend time that adds up to 5 years or more in Europe?

 Receive a blood transfusion in the United Kingdom or 
France?

 Have you ever received a dura mater (or brain covering) 
graft or xenotransplantation product? 

 Bovine Insulin / Human Pituitary Derived Growth Hormone

 Have any of your relatives had Creutzfeldt-Jakob 
disease?



Next steps?

 FDA will address questions and comments from 

the public and clarify recommendations

 Additional changes to guidance considered?

 Release of the final guidance expected in 2018?



Whitney.Steele@redcross.org

Whitney R. Steele, PhD, MPH

Director, Epidemiology

Scientific Affairs

American Red Cross

Rockville, MD



AABB 2018

Tuesday, October 16, 2018

Whitney R. Steele, PhD, MPH

Prions – Past, Present, Policy 

and What May Lie Ahead

1



Learning Objectives

 Differentiate between the transmissible spongiform 

encephalopathies (TSEs) discussed

 Trace the evolution of the vCJD issue from recognition to 

blood safety response

 Contrast the policy implications related to vCJD to CJD 

deferrals based on the known research

 Identify the ways in which the prion disease chronic 

wasting disease (CWD) in deer is a relevant public health 

threat 

 Hypothesize about the future threat TSEs might be to the 

blood supply
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TSEs

Chronic Wasting Disease

Kuru

(Human)

Scrapie

Bovine Spongiform 

Encephalopathy (mad cow disease)

Variant Creutzfeldt 

Jakob Disease (Human)

Feline Spongiform 

Encephalopathy

Sporadic Creutzfeldt Jakob Disease (Human)

Transmissible Spongiform Encephalopathies 

(TSEs) / Prion Diseases

Slide courtesy of L. Gregori



Prions: What is a prion disease?

 These neurological diseases affect mammals 

and are uniformly fatal with no curative 

treatments available. 

 The agent of disease (the prion) can be 

transmitted.

 What is a prion specifically?

 Protein and infectious

 -ion (infectious, e.g. virion)

 No nucleic acid (e.g. DNA, RNA)

 Non-degradable by typical sterilization
4



Creutzfeldt-Jakob disease (CJD), other than 

variant CJD (vCJD)

 Overall the rate of CJD is around one case per million 

persons but that rate is strongly age dependent

 In the US there are about 400 deaths per year

 Incidence in 65-69 year olds is almost 6 cases per million

 Median age at death – 68 years

 Rapidly progressive - median duration of 4-5 months

 Cases are:

 > 85% Sporadic 

 5-15% Genetic/Familial

 Less than 1% Iatrogenic/acquired
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RESULTS: To date, 65 CJD donors have been enrolled along with 826 of 

their blood recipients. These recipients have contributed 3934 person-years of 
follow-up and no transfusion-transmitted cases of CJD have been recognized.

CONCLUSION: From this study, as well as other epidemiologic studies, 

there is no evidence of CJD transfusion transmission; this risk remains 
theoretical.



ARC lookback – sporadic CJD

 826 recipients from 65 donors enrolled

 Of the 826, 645 (78%) are deceased and 154 

(18.6%) were still alive

 Recipients, including those lost to follow-up, 

account for 3933.9 person-years of follow-up.

 105 are both long survivors (5+ years survival) 

and proximal recipients (blood drawn 5 years of 

less before donor Dx of CJD)

 All Neuro causes of death checked and none 

were CJD

 No case of CJD was found in any recipient 





TMER study in UK – CJD results 

only
 29 sCJD donors identified with transfusion to 211 

recipients

 Of the 211, 143 (67.8%) are deceased and 44 

(21%) are still alive

 The 44 still living recipients have all survived 

more than 9 years since transfusion; 22 received 

donations from CJD donors less than 5 years 

before symptoms

 5 Neuro causes of death but none of them were 

CJD

 No case of CJD was found in any recipient 



Combined data – CJD 

ARC - CDC TMER

Follow-up data through 31 December 2014 31 May 2015

Number of sCJD Blood 
Donors

63 29

Number of sCJD
recipients

817 (638 deceased / 152 
alive /27 LTF)

211 (143 deceased/44 
alive /24 LTF)

Number of fCJD Blood 
Donor

1 4

Number of fCJD
recipients

1 (1 alive) 15 (8 deceased /4 alive 
/3 LTF )

Number of iCJD Blood 
Donors

1

Number of iCJD Blood 
Recipients

8 (7 deceased / 1 alive)

Total Person Years 
Follow-up

3933.9 1194 (sCJD only)



Variant Creutzfeldt-Jakob disease

AABB Boston, 16th October 2018

RG Will
University of Edinburgh, UK
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MRI scan and brain immunocytochemistry in variant CJD
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Mean incubation period ± SEM (days)

Transmission of TSEs to mice
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vCJD CASES BY YEAR AND COUNTRY
1994-2017 (n=230)

*MV at codon129 of the PRNP gene
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PLOS One April 2014 
Volume 9 Issue 4  e94020

Furthermore, the threshold dose estimate of 
approximately 12 bID50 with an equivalent 
weight of 1.2g of a BSE infected bovine brain 
also appears reasonable, which may alternatively 
be interpreted as the species barrier between 
bovine and human.



Codon 129 genotype in vCJD

• 160/161 tested cases in UK :       MM

• 1/161 tested cases in UK :         MV                   

• 52/52 cases outside UK:             MM

• Normal  UK population:  MM 44%  MV 45%   VV 11%



Median and posterior distributions of projected time series 

Cases:

A:  Total number

B: Transfusion 
associated 

C: Unidentifiable 
transfusion 
associated

Genotypes:

D: MM

E: MV

F: VV



Probable pattern of tissue infectivity in variant CJD, 
based on scrapie models



Tissue Infectivity in CJD

sCJD   centrifugal spread

HIGH
Brain
Spinal cord
Cranial nerves & ganglia
Posterior eye
Pituitary gland

MEDIUM
Spinal ganglia
Olfactory epithelium

vCJD   peripheral pathogenesis

HIGH

Brain

Spinal cord

Cranial nerves & ganglia

Posterior eye

Pituitary gland

MEDIUM

Spinal ganglia

Olfactory epithelium

Tonsil

Appendix

Spleen

Thymus

Adrenal gland

Lymph nodes and gut associated lymphoid tissue



Transfusion Medicine Epidemiology Review

NHS Blood and Transplant

Scottish National Blood Transfusion Service

Welsh Blood Service

Northern Ireland Blood Transfusion Service

National CJD Research & Surveillance Unit



vCJD - Blood Donors

Year Death
Total vCJD

cases
Total eligible 

to donate

Number 
reported to be 
blood donors

Number 
registered 

with UK Blood 
Services1

Number with 
donations2

1995-1999 56 54 11 7 6

2000-2004 92 84 17 12 10

2005-2009 20 20 3 5 2

2010-2014 9 9 1 0 0

2015-2018 1 1 0 0 0

Total 178 168 32 24 18

1Donor records were traced on four cases where the relatives had reported the case not to be a donor.  One of these had donated
while the other 3 were registered as donors but never donated.

2 Donors found on UKBTS system for whom components were actually issued (eg some donors were registered but did not donate.



VARIANT CJD BLOOD DONORS 

BY YEAR OF ONSET
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TRANSFUSION TRANSMISSION OF vCJD

Case 4 (vCJD
case)

Case 3 (vCJD
case)

Case 2 (Pre-
clinical

infection)

Case 1 (vCJD
case)

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

Same
donor

3 years, 3 months
6 years, 6 months

1 year, 6 months
5 years

1 year, 8 months
7 years, 10 months

1 year, 5 months
8 years, 4 months

Interval from recipient transfusion to disease onset in donor (top bar) and interval from transfusion to disease 
onset in recipient (bottom bar)



SURVIVAL PERIOD:
TRANSFUSION TO DEATH 
(n=53)

FOR RECIPIENTS OF vCJD
COMPONENTS ACCORDING TO 
INTERVAL BETWEEN DONATION AND 
ONSET OF CLINICAL SYMPTOMS IN 
THE DONOR



SURVIVAL OF LIVE 
RECIPIENTS (n=14)
OF COMPONENTS FROM vCJD DONORS 
ACCORDING TO INTERVAL BETWEEN 
DONATION AND ONSET OF CLINICAL 
SYMPTOMS IN DONOR 

(AS AT SEPTEMBER 2018)



Age Codon 129 Component Time since transfusion 
to 30 September 2018

Donation to 
onset in donor

80 MV RBC 25+ years 3.85 years

62 MV RBC 23+ years 1.25 years

46 MM
Cyro-depleted
plasma

23+ years 7 months

87 MV RBC 22+ years 5.83 years

55 MV RBC 19+ years 5 months1

77 MM RBC (LD) 18+ years 3.65 years

45 MV RBC (LD) 17+ years 9 months

70 MM RBC (LD) 16+ years 1.6 years

51 MM RBC (LD) 15+ years 7 months

RECIPIENTS ALIVE WITH CODON 129 STATUS AVAILABLE

1same donor as 2 of the transfusion transmission cases (tonsil biopsy negative – June 2008)



RECIPIENTS OF 
LABILE BLOOD 
COMPONENTS 

DONATED BY vCJD
CASES (n=67)
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No Major Change in vCJD Agent Strain after Secondary
Transmission via Blood Transfusion

Matthew T. Bishop, Diane L. Ritchie, Robert G. Will, James W. Ironside, Mark W. Head, Val Thomson, Moira Bruce, Jean C. Manson
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• 16/32,441 samples positive   

• 493 per million (95%CI: 282-801)

• 1 in 2,000 

• Codon 129: MM 8, MV 4, VV 4



Summary of issues by UK Blood Services 1999-2009 (SHOT, 2010)



Current studies

Further Survey of Archived Appendix Specimens 

Public Health England & partners

3 year study

• Samples prior to the BSE outbreak (pre-1980) 

• Samples after further measures put in place to protect the human food 
chain (post-1996)



The Appendix-III survey examined by immunohistochemistry (IHC) appendices removed at 

operation and collected from 44 hospitals throughout England. Abnormal prion 

accumulation was detected within the follicular dendritic cells of seven appendices out of 
29,516 suitable samples examined. 
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The other five positive samples were found in the 14,824 appendices from subjects born in 

1996 or later and removed at operation in 2000 through 2014: all five were in the sub-group 

of 10,074 born in 1996 through 2000.

[i.e. aged 4-18 years]
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