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CLASSICAL 

SCRAPIE:

Transmissible spongiform encephalopathy affecting the central nervous system of sheep and goats.
Known since 1730s and endemic in many countries.

TRANSMISSION OF 

CLASSICAL SCRAPIE:

SCRAPIE STRAIN

Infectious isolates that exhibit distinct prions disease phenotypes 
(incubation time, distribution of prion deposits in the brain, clinical 
symptoms and PrPres biochemical features)  in the same PrP 
background.

INTRODUCTION – Classical Scrapie



CLASSICAL 

SCRAPIE:
Transmissible spongiform encephalopathy affecting the central nervous system of sheep and goats.
Known since 1730s and endemic in many countries.

TRANSMISSION OF 

CLASSICAL SCRAPIE:

SCRAPIE STRAIN

HOST GENOTYPE

Infectious isolates that exhibit distinct prions disease 
phenotypes (incubation time, distribution of prion deposits in 
the brain, clinical symptoms and PrPres biochemical features)  
in the same PrP background.

Goat-TSE-Free“Towards breeding of goats for 
genetically determined TSEs resistance”

I142M

N146S 

Q222K

Some studies point to the influence of polymorphisms

INTRODUCTION – Classical Scrapie



INTRODUCTION - Q222K polymorhism distribution



INTRODUCTION - Q222K polymorhism susceptibility to scrapie?

Prion agent Animal model

Classical scrapie

Heterozygous QK222 goat
(++)

Hemyzygous Q222-Tg501 (++++)

Hemyzygous K222-Tg516 (-)

Heterozygous QK222-Tg mice (+)

Homozygous K222 goat (+) Homozygous K222-Tg516

?



EXPERIMENTAL DESIGN – Mouse models and isolates

Category
Country of 

origin
Species 
origin

Code PrP genotypea PrPres

I (Italians) Italy Sheep 198/9 wt 21 kDa

II
Spain Goat S2 wt; SP240 21 kDa

France Goat CP060146 wt 21 kDa

II+III
UK Goat UKA2 wt; SP240 21 kDa

France Goat F14 wt; IM142SP240 19 kDa

IV
France Goat F10 wt; SP240 21 kDa

Cyprus Goat C1 wt; PP240 21 kDa

Negative 
control

France Goat
Healthy 

goat brain
wt -

a  PrP genotype: wt means A136R154Q171



RESULTS– Transmission studies

Category Isolate

Mean survival time (days) ± SDa (n/n0)b

Q222-Tg501 K222-Tg516

1st passage 2nd passage 1st passage 2nd passage

I (Italians) 198/9 592±13 (6/6) 536±46 (5/5) >650 (1/6)c NDd

II
S2 228±15 (6/6) 233±4 (6/6) >650 (3/4)c >650 (7/7)c

CP060146 379±31 (5/5) NDd >650 (5/5)c >650 (5/5)c

II + III
UKA2 245±36 (5/5) 252±8 (6/6) >650 (4/4)c >650 (5/5)c

F14 526±46 (4/4) 241±22 (4/4) >650 (4/4)c >650 (5/5)c

IV
F10 449±19 (5/5) 372±14 (6/6) >650 (6/6)c >650 (5/5)c

C1 483±15 (4/4) 301±10 (4/4) >650 (7/7)c NDd

Negative 

control
Healthy goat brain >650 (0/6) >650 (0/6) >650 (0/6) >650 (0/6)

a Mean survival time indicated in days ± standard deviation.
b n/n0, number of diseased, PrPres-positive animals/number of inoculated animals. 
c Animals found dead or sacrificed at the end of their lifespan without showing clinical signs.
d Not done. 

Dead/sacrifized at the 
end of lifespan 

No signs of prion 
disease



Slight higher molecular mass
(independent on the prion strain)

RESULTS– Biochemical patterns

Lower PrPres accumulation in 
K222-Tg516

Q
2
2
2
-T

g
5

0
1

K
2
2
2
-T

g
5

1
6

Q
2
2
2
-T

g
5

0
1

K
2
2
2
-T

g
5

1
6

Q
2
2
2
-T

g
5

0
1

Q
2
2
2
-T

g
5

0
1

K
2
2
2
-T

g
5

1
6

Q
2
2
2
-T

g
5

0
1

K
2
2
2
-T

g
5

1
6

Q
2
2
2
-T

g
5

0
1

K
2
2
2
-T

g
5

1
6

Dilution factor     0,25    1      1      1       1     0,4    1       1       1    0,25    1

S2         F14         UKA2          F10     CP060146

S
h

a3
1

1
7

0
s

S
h

a3
1

3
0

0
s

S
h

a3
1

6
0

0
s

S
h

a3
1

2
s

S
h

a3
1

3
0

s

S
h

a3
1

6
0

s

Dilution factor   0,5        1       0,5       1 

Q
2
2
2
-T

g
5

0
1

K
2
2
2
-T

g
5

1
6

Q
2
2
2
-T

g
5

0
1

K
2
2
2
-T

g
5

1
6

C1          198/9

21kDa

21kDa

21kDa

21kDa

21kDa

21kDa



RESULTS– Vacuolation profile of K222-Tg516  (compared to Q222-Tg501)
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RESULTS– Vacuolation profile of K222-Tg516 (compared to aged mice)
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K222-Tg516

198/9 S2 CP06146 UKA2 F14 CH1641 F10 C1 Not inoculated

No vacuolation in K222-Tg516
Indistinguishable from aging



RESULTS– PrPSc plaques by immunohistochemistry and Pet blot 
F10/K222-Tg516

CP060146/K222 goat

Cerebellum Thalamus Hippocampus

Cerebral 

cortex

CP060146/K222-Tg516

PrPSc deposition in K222-Tg516 only after further 
adaptation in the K222 environment



Slight higher molecular mass
(independent on the prion strain)

RESULTS– Biochemical patterns

Lower PrPres accumulation in 
K222-Tg516

- PK sensitivity
- Less PrPres
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RESULTS– Proteinase K resistance analysis

The isolates when replicating in either Q222 or K222-PrPC contexts, retain the same proteinase K sensitivity.
Real low brain PrPres accumulation in K222-Tg516. 
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RESULTS– Biochemical patterns

Late accumulation

Few accumulation
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Slight higher molecular mass
(independent on the prion strain)

Lower PrPres accumulation in 
K222-Tg516

- PK sensitivity
- Less PrPres



RESULTS– Kinetics of PrPres accumulation

Both K222 and Q222-PrPres

appeared at equal levels by 300 
dpi. Q222-PrPres accumulation 
coninued to increase, while 
K222-PrPres remained at low

levels.

Low replication rates in K222-
Tg516 mice and/or high 

efficient clearance of PrPres

aggregates.
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Slight higher molecular mass
(independent on the prion strain)

RESULTS– Biochemical patterns

Lower PrPres accumulation in 
K222-Tg516
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Category Isolate

Mean survival time (days) ± SDa (n/n0)b

Q222-Tg501 K222-Tg516

1st passage 2nd passage 1st passage 2nd passage

I (Italians) 198/9 592±13 (6/6) 536±46 (5/5) >650 (1/6)c NDd

II

S2 228±15 (6/6) 233±4 (6/6) >650 (3/4)c >650 (7/7)c

CP060146 379±31 (5/5) NDd >650 (5/5)c >650 (5/5)c

CP060146/K222 goat 415± 40 (6/6) NDd >650 (4/4)c >650 (6/6)c

II + III
UKA2 245±36 (5/5) 252±8 (6/6) >650 (4/4)c >650 (5/5)c

F14 526±46 (4/4) 241±22 (4/4) >650 (4/4)c >650 (5/5)c

IV

F10 449±19 (5/5) 372±14 (6/6) >650 (6/6)c >650 (5/5)c

F10/K222-Tg516 495±26 (3/3) NDd >650 (5/5)c >650 (6/6)c

C1 483±15 (4/4) 301±10 (4/4) >650 (7/7)c NDd

Negative 

control
Healthy goat brain >650 (0/6) >650 (0/6) >650 (0/6) >650 (0/6)

a Mean survival time indicated in days ± standard deviation.
b n/n0, number of diseased, PrPres-positive animals/number of inoculated animals. 
c Animals found dead or sacrificed at the end of their lifespan without showing clinical signs.
d Not done. 

RESULTS– Strain features

High infectivity of K222-PrPSc derived prions
Non-permanent shifts in prion strains
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In conclusion– Take home messages

- The K222-PrPC variant is capable of sustaining PrPSc replication even in the absence of the Q222-PrPC 

variant. However,  K222-Tg516 mice inoculated with classical scrapie did not develop typical prion 
disease properties:

- Biologically: No clinical signs
- Biochemically: Low PrPres accumulation and changes in strain features
- Histologically: No histopathological alterations - indistinguishable from aging

… however this mice are as infectious as Q222-Tg501 mice.

- This study suggests that prions propagated under the K222 allele can act as potential silent carriers of 
the disease. In this context, K222 homozygous goats may act as reservoirs for Q/K222 and Q222 goat 
infection (implications in breeding selection programs).

- Understanding whether the presence of the K222 allele induces a change in the biological properties 
of the strains and their potential transmission to other animal species is crucial.  



Dr. John Spiropoulos
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Classical scrapie in genetically resistant goats: questioning 
current concepts and policies

To be continued…



Strain Wt-Tg501 R171-Tg552 K176-Tg570

Atypical scrapie ++ ++ ++

Classical  scrapie I ++ - -

Classical  scrapie II ++ - +

Classical  scrapie III ++ - -

Classical  scrapie IV ++ - +

Bovine Spongiform 

Encephalopathy ++ + -

• The polymorphic variants studied show susceptibility for atypical scrapie.

• Resistance to classical scrapie observed in mice expressing 171R or 176K polymorphic variants. In the case

of 176K, the resistance depends on the classical scrapie prion strain inoculated. When infected, the survival

times of the mice are prolonged.

• 176K polymorphic variant confers resistance to BSE strain.

Susceptibility

++ High

+ Limited

- Low

Transgenic Mouse Models for In Vivo Modeling of Protective Effects of PRNP Polymorphic Variants



Strain Wt-Tg501 R171-Tg552 K176-Tg570 T137-Tg592

Atypical scrapie ++ ++ ++ ?

Classical  scrapie I ++ - - ?

Classical  scrapie II ++ - + ?

Classical  scrapie III ++ - - ?

Classical  scrapie IV ++ - + ?

Bovine Spongiform 

Encephalopathy ++ + - ?

• Classical scrapie Iceland previosuly selected isolates are being tested 

in Wt-Tg501 and T137-Tg592.

Susceptibility

++ High

+ Limited

- Low

Transgenic Mouse Models for In Vivo Modeling of Protective Effects of PRNP Polymorphic Variants

ICRAD Projec ScIce: Classical Scrapie in Iceland, a model for prion diseases worldwide
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