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SCRAPIE IN EUROPEAN SHEEP

© EFSA J 2014

But how is the picture in 

European goat populations?
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STUDY AIMS

Goat scrapie

→ Investigation of the transmission efficiency of European goat scrapie to the ovine Tgshp IX mouse model

→ Defining parameters for prion discrimination in the Tgshp IX mouse model using reference scrapie strains

→ Prion strain typing of field goat scrapie isolates to get an overview of circulating goat scrapie strains
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Two hypothesis are described to explain, how a prion strain adapt/ evolve and cross the transmission barrier

Selective pressure results in a selection of a most 

suitable PrPSc already present in an isolate, which 

is a mixture of different PrPSc conformers. 

Selective pressure induce an alteration of

the propagation process and the new PrPSc

is able to adapt and emerge
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PRION STRAIN PROPAGATION AND TRANSMISSION BARRIER



PRION STRAIN TYPING BIOASSAY

*only one mouse with very high IC, without that animal 286 ±86

Tgshp IX Tgshp XI

Genetic background B6CBAx129Ola

Transgene Ovine ARQ (wildtype) PrP

Expression rate 2-4x overexpression 4-8x overexpression

Inocula

Mean incubation period (dpi)

Tgshp IX Tgshp XI

BSE 351 ±165* 445 ±185

ovBSE 230 ±63 231 ±9

CS LAN 190 ±3 195 ±11

CS S805 160 ±18 158 ±20

CS DAW 371 ±44 342 ±39

AS 317 ±5 272 ±32

Lower expression level of ovine PrP in Tgshp IX = lower 

transmission barrier for interspecies transmission

→ Tgshp IX  is the more suitable model for transmission 

studies to novel hosts
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Tgshp IX mouse model

→ overexpression of

ovine PrPC

FFPE -20°C

PRION STRAIN TYPING BY BIOASSAYS
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Tgshp IX mouse model

→ overexpression of

ovine PrPC

FFPE -20°C

PRION STRAIN TYPING BY BIOASSAYS

Investigation of 14 predefined brain areas

A: Cerebral cortex and septal nuclei

B: Cerebral cortex, corpus callosum, hippocampus, thalamic nuclei, hypothalamic nuclei, intern capsule

C: cortex of superior colliculus, decussation fibres

D: molecular and granular cerebellar layer, white matter of the cerebellum, tectum, vestibular nuclei of medulla
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EUROPEAN FIELD GOAT INOCULA - RESULTS
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Italy (n=9)

Cyprus (n=3)

Greece (n=4)

France (n=7)

Spain (n=2)

UK (n=6)

Netherlands (n=3)

Reference Strains:

Ernst et al., 2024

EUROPEAN FIELD GOAT INOCULA

Atypical

Scrapie

Goat BSE

CH1641



0

100

200

300

400

500

600

0 20 40 60 80 100 120

In
c
u
b
a
ti

o
n
 p

e
ri

o
d
 [

d
a
y
s]

Attack rate [%]

Correlation of attack rate and incubation 
period

Atypical Scrapie Caprine BSE CH1641-like

Ernst et al., 2024

REFERENCE STRAINS



A
ty

p
ic

a
l
sc

ra
p
ie

G
o
a
t

B
S
E

C
H

1
6
4
1

Cerebellum and brain stem Corpus callosum

Ernst et al., 2024

REFERENCE STRAINS
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NcV Tec CoS HTH TH HC Sep CbrA CbrB WM Dc CpI CC GrL MoL

PrPSc profile References

I15/ AS gtBSE UKB2/ CH1641

Clear-cut discrimination of all three reference strains in 

the Tgshp IX mouse model along

• Attack rate

• Incubation period

• PrPSc profile
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FIELD SCRAPIE CASES – ATTACK RATE AND INCUBATION 

PERIOD

• broad variability between the 35 field scrapie isolates

and reference strains

• impossible to distinguish reference strains from field

isolates by attack rate and incubation period only

Ernst et al., 2024



LESION PROFILE VS. PrPSc PROFILE 

• Up to severe multifocal spongiform encephalopathy but no prion strain specific

pattern detectable

• Plaques (arrow) detected in gtBSE and several scrapie isolates

Lesion profile (HE)

Ernst et al., 2024



LESION PROFILE VS. PrPSc PROFILE 

Lesion profile (HE) PrPSc profile (IHC, mab R145)

• Up to severe multifocal spongiform encephalopathy but no prion strain specific

pattern detectable

• Plaques (arrow) detected in gtBSE and several scrapie isolates

• Severe spongiform lesions often indicated severe PrPSc accumulation

Ernst et al., 2024



FIELD SCRAPIE CASES – PrPSc PROFILE
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PrPSc Profiles - Field Isolates

I2 I3 I4 I5 I7 I9 I11 I12

S2 S3 N1 N2 N3 F2 F3 F6

F10 F11 F14 F16 G1 G2 G3 G4

C1 C2 C3 UKA2 UKD2

Ernst et al., 2024
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GOAT ISOLATES – GEOGRAPHICAL ANALYSIS

Ernst et al., 2024

Within one country isolates show high similarities, but for F16
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Comparison of mean PrPSc profiles of all countries
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PrPSc profile Italy

I2 I3 I4 I5 I7 I9 I11 I12

Only low amounts of PrPSc in the corpus callosum

PrPSc deposits in all layers of the cerebellar cortex
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PrPSc profile France

F2 F3 F6 F10 F11 F14 F16

No PrPSc in the cerebellum 

or the corpus callosum



GOAT SCRAPIE CATEGORIES

Ernst et al., 2024
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PrPSc profile categories

EU (CS-1) Italy (CS-2) F16 (CS-3)

Comparison of mean PrPSc profiles of all countries → 3 categories: 

European mean → CS-1

Italy → CS-2

F16 → CS-3Created with biorender.com



Cerebellum Diencephalon Cortex*
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CS-1

Intracellular deposits No PrPSc in CC 

or cortex
Plaque-like deposits in CC

CHATEGORIZATION OF GOAT ISOLATES

*frontal cortex at the level of the septal nuclei

CC = corpus callosum
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CS-1
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CHATEGORIZATION OF GOAT ISOLATES

*frontal cortex at the level of the septal nuclei

CC = corpus callosum
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Cerebellum Diencephalon Cortex*

*frontal cortex at the level of the septal nuclei

CC = corpus callosum
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INTERPREATION OF STRAIN VARIABILITY
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EXPLANATIONS FOR STRAIN VARIABILITY

✓ The same breed also shows CS-1 strains

✓ In Indre CS-1 also circulates

✓ No special genotype

✓ No knowleged on contaminated

vaccines

BUT
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GOAT INOCULA – SUB STRAINS

Ernst et al., 2024

N3

• Predominant CH1641-like intraneuronal deposits with mild fine particulate 

PrPSc accumulation in the neuropil 

• Found in 7 isolates from Spain (n=2), France (n=1), the Netherlands (n=1) 

and UK (n=3)

• Biochemical analysis revealed matching results (Nonno et al., 2020)



• Predominant CH1641-like intraneuronal deposits with mild fine particulate 

PrPSc accumulation in the neuropil 

• Found in 7 isolates from Spain (n=2), France (n=1), the Netherlands (n=1) 

and UK (n=3)

• Biochemical analysis revealed matching results (Nonno et al., 2020)

• Predominant BSE-like plaque and plaque-like formations & subpial reaction 

pattern in the brain stem

• Severe PrPSc accumulation in the corpus callosum

• Found in one mouse inoculated with the French isolate F11 → 2nd passage 

initiated (319dpi)

GOAT INOCULA – SUB STRAINS

Ernst et al., 2024

F11

N3



GOAT INOCULA – SUB STRAINS

Ernst et al., 2024

F11

N3
Strain-mixtures in several isolates with one dominant and several sub-

strains

These findings favour the theory of the conformational selection model
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Great consistency in the outcome of the different studies

• Successful discrimination of reference strains (gtBSE, atypical scrapie, CH1641) in all studies

• Attack rate and incubation period alone are not sufficient for strain typing but useful in combination with biochemical 

methods/ IHC

• All studies detected the geographically enclosed Italian (CS-2) goat scrapie strain

Ernst et al., 2024

REVIEW: INVESTIGATION OF EU GOAT FIELD ISOLATES

Field isolates

Biochemical analysis

Category CS-1 Category CS-2 

7 rodent models

Biochemical analysis

Transmission efficiency

Category CS-1 Category CS-2 

Category CS-3 Category CS-4 

2 rodent models

1st and 2nd passage

Biochemical analysis, lesion and PrPSc

profile

Category CS-1 Category CS-2 

Category CS-4

1 rodent model

Lesion and PrPSc profile

Category CS-1 

Category CS-2 

Category CS-3 



CONCLUSIONS

The Tgshp IX mouse model is a reliable tool for prion strain typing and should standardly be 

included into strain typing of field TSE isolates

High strain variability in goats

→ Increased risk for emergence of novel prion strains

Emergence of novel prion strains could result in interspecies transmission (e.g. between small

ruminants and cervids)



SUMMARY 

▪ Attack rates highly depends on mouse model/ PrPSc titre → different parameter define 

the transmission barrier (i.e. no sheep/goat transmission barrier in Tgshp IX mice, as 

both share the same genotype)

▪ In Europe different scrapie strains circulate in goats: 

▪ CH1641-strain

▪ Atypical scrapie

▪ Goat BSE

▪ ≥ 3 classical scrapie strains

▪ Several isolates contained sub-strains 

→ the conformational selection model seems favorable

→ Goat scrapie prions are highly variable, novel strains could emerge at any time
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