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genetically resistant breeding rams



Scrapie (Sheep and Goats)

BSE – Bovine Spongiform Encephalopathy

Chronic wasting disease

Animals Transmissible Spongiform Encephalopathies



Scrapie - Introduction

Written documentation on scrapie dates back to 18th Century

Reported world-wide, endemic in many EU and non-EU countries

Common features of TSEs render scrapie elusive in regard to eradication and 
control (long, silent preclinical period; lack of ante-mortem tests; no vaccines)

The emergence of BSE spurred efforts to eradicate scrapie (zoonotic potential of 
TSEs, BSE in small ruminants)



Scrapie
ØNeurodegenerative prion disease of sheep and goats with fatal outcome and long 

incubation times 

ØKnown since the 18th century, widespread throughout the world (not in Australia 
and New Zealand) and endemic in numerous countries 

ØCharacterized by two shapes Classic Scrapie Nor98 (or Atypical Scrapie) 

Ø It has infectious or sporadic characteristics Susceptibility linked to PrP genotype. 

ØControl interventions based on the traditional approach to animal infectious
diseases are ineffective in eradicating scrapie: 

• - long incubation period
• - silent preclinical period
• - absence of a host immune response
• - absence of ante-mortem diagnostic test



During the first experimental 
transmission studies some sheep was 
resistante to the development of the 
disease

Pattison et al., 1959

While goats were all 
susceptible.

Genetic scrapie resistance
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PrPC -> PrPSc conversion

PrPC PrPSc

Proteinase K - + - + - + - +

PrPC PrPSc



ARHARR VRQ AHQ

ARQ

Q171R/HA136V

R154H

1 256

The gene that controls sheep susceptibility has been
identified as that coding for the prion protein

5 main alleles has been identified

Polymorphisms of the sheep PrP gene



• Key event is the transformation of a protein encoded
by the host into a pathological isoform that
accumulates in the CNS as insoluble protein deposits

Host scrapie susceptibility

PrPc PrPSc

• The clinical manifestation is the result of the interaction between the 
infecting agent and the host's PrP coding gene

• Host susceptibility is influenced by PrP polymorphisms, mainly at
codons 136 (A/V), 154 (R/H) and 171 (R/Q/H)

ARR
ARH
AHQ
ARQ
VRQ

susceptibility

• The role of some additional polymorphisms has been proven, 
at codons 112 (M/T), 137 (M/T), 141 (L/F), 176 (N/K)



Biochemical strain typing Bioassay





EU Member States have implemented sheep
breeding programmes to reduce the prevalence of 

sheep with TSE susceptible prion genotypes

TSE are not genetic but infectious disease.
However animals are susceptible depending on their 

genotype 



NSP1 ARR/ARR Genetically most resistant to scrapie 

NSP2 ARR/ARQ, ARR/ARH, ARR/ 
AHQ, VRR/ARQ Genetically resistant to scrapie 

NSP3 (ARQ/ARQ) ARQ/ARQ 

NSP3 (others) AHQ/AHQ, ARH/ARH, ARH/ 
ARQ, AHQ/ARH, AHQ/ARQ 

Genetically little resistance to scrapie 
(ARQ/ARQ may be scientifically 
reviewed) 

NSP4 ARR/VRQ Genetically susceptible to scrapie 

NSP5 ARQ/VRQ, ARH/VRQ, 
AHQ/VRQ, VRQ/VRQ Genetically highly susceptible to scrapie 

 

Individual genotypes grouped according to the classification of the 
English National Scrapie Plan and adopted by the EU



Genotyping of male rams and replacements with the aim of 
creating a breeding stock with greater resistance which
subsequently makes it possible to guarantee the spread of 
the ARR alleles to the entire population.

Most of the national Scrapie Plans are based on the English National 
Scrapie Plan

The scheme is connected to an individual genotype certification
system which is fully included in the individual documentation
("passport") that accompanies the animals throughout their
production career
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Prevalence of CS in sheep within EU27. Number of cases/10,000 rapid tests standardized by stream, 
i.e.SHC vs. NSHC over the period 2002-2012.

In these 17 countries some 4.7 million sheep were tested leading to the detection of 4 132 CS cases, 
equal to an overall prevalence of 8.7 cases per 10 000 rapid tests. 

At the EU27 level over the period 2002-2012, CS in sheep showed annual stream-adjusted 
prevalence rates ranging between 5 and 20 cases per 10 000 rapid tests. 

.



National CS trends in sheep
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Temporal trend of CS in sheep in countries where the trend 
was not statistically different from a flat one. Crosses (+) 
indicate the annual stream-adjusted prevalence (cases per 
10,000 rapid tests) whereas the lines show respectively the 
linear trend (black line) with its 95 % confidence limits (grey
lines). The adjustment on stream was obtained by fitting a 
negative binomial model (internal reference).

Temporal trend of CS in sheep in countries where a 
statistically significant decreasing trend was confirmed. 
Crosses (+) indicate the annual stream-adjusted
prevalence (cases per 10,000 rapid tests) whereas the 
lines show respectively the linear trend (black line) with its
95 % confidence limits (grey lines). The adjustment on 
stream was obtained by fitting a negative binomial model 
(internal reference).



Scrapie Surveillance in EU



Acutis et al., 2006

Vaccari et al., 2006

Lysine at codon 222 has been associated with scrapie 
resistace in two italian case-controls studies.

Several heterozigotes were present but none was 
scrapie affected. 

Polymorphism Q222K has been 
associated with scrapie resistance



Barillet et al., 2009

In other studies QK 222 heterozigotes were significantly 
protected from scrapie, however few animals  has been 
found to be scrapie affected.

Polymorphism Q222K has been 
associated with scrapie resistance

Fragkiadaki et al., 2011



Acutis et al., 2012

Polymorphism Q222K has been 
associated with scrapie resistance

Incubation time post IC infection
Genotype Incubation time dpi Attack rate
QQ 222 569 ± 97 5/5
QK 222 > 1643 0/5



Polymorphism Q222K has been 
associated with scrapie resistance

Lacroux et al., et al., 2014

Incubation time post oral infection

No QK 222 
animals was 
found to be 
scrapie 
affected



Incubation time post IC infection

Lacroux et al., et al., 2014

Polymorphism Q222K has been 
associated with scrapie resistance

QK and KK 222 
animals 
showed low 
attach rate 
only after IC 
infection



Polymorphism N146S/D has been 
associated with scrapie resistance

Papasavva-Stylianou et al., 2007

Serine or aspartic acid at codon 146 has been 
associated with scrapie resistance in case-control 
studies in Cyprus althougt some heterozigotes aniamls 
has been found scrapie affected

In the control group several NS and ND 146 
heterozigotes aniamls but limited homozigous

Papasavva-Stylianou et al., 2010



In goats the K 222 allele, but also S 146 or D 146  can protect 
animals from scrapie

Breeding program in goats can be implemented

The frequency of resistant alleles is however low and or absent in 
some breed, so particular attention should be use to design the 
genetic selection




