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Abstract

The aim of this study is to investigate the scrapie susceptibility of the main breeds of meat sheep raised in the state of 
Paraná, Brazil. Three hundred and twenty-five animals of meat breeds (including Suffolk, Hampshire Down, Texel, Ile de 
France, Dorper, Dorset, Santa Inês, and crossbreds) were genotyped by Restriction Fragment Length Polymorphism (RFLP) 
and DNA sequencing for the prion protein gene. Using a classification for resistance and susceptibility from the British 
National Scrapie Plan, the genotypes observed for each breed were analysed. Animals from the Santa Inês breed and cross-
bred animals showed the highest genotypic variability. All breeds evaluated showed the presence of genotypes considered 
susceptible to scrapie. More than 56% of the animals tested fit into types 3, 4 or 5, the most susceptible groups. There is 
little data on PRPN genotyping in Brazil. So it is necessary to expand the available data on these breeds to implement a 
scrapie control program.
[P]
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[B]

Resumo

Com o objetivo de discutir a susceptibilidade ao scrapie nas principais raças de corte criadas no Estado do Paraná, foram 
genotipados 325 animais das raças Suffolk, Hampshire Down, Texel, Ile de France, Dorper, Dorset, Santa Inês e mestiços. Duas 
técnicas foram utilizadas para a análise do polimorfismo do gene da proteína prion celular: PCR-RFLP (polimorfismo de com-
primento de fragmentos de restrição) e sequenciamento gênico. A raça Santa Inês e os mestiços foram os que apresentaram 
a maior variabilidade genética. Usando a classificação britânica do National Scrapie Plan, foi possível analisar os genótipos 
de cada uma das raças estudadas. Em todas as raças, foram observados genótipos considerados susceptíveis ao scrapie, em 
diferentes porcentagens. Cinquenta e seis por cento dos animais genotipados estavam classificados nos tipos 3, 4 e 5, que são 
considerados os mais susceptíveis ao scrapie. Diferenças importantes foram observadas entre as raças. Mais dados brasileiros 
precisam ser disponibilizados antes que se possa implementar um programa de controle de scrapie em ovinos.
[K]
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Introduction

Genetic susceptibility is a major determinant of scra-
pie, an infectious disease affecting sheep. Polymorphisms 
at codons 136 (alanine, A/valine, V), 154 (histidine, H/
arginine, R) and 171 (histidine, H/glutamine, Q/argi-
nine, R) of the prion protein gene (PRNP) seem to be as-
sociated with an increased risk of disease development 
for sheep exposed to the infectious agent of scrapie 
(1-5). The ARQ variant at codons 136, 154, and 171 is 
considered the ancestor allele, since the majority of pri-
on protein (PrP) variants can be derived from a unique 
point mutation in the ARQ sequence. Among the possi-
ble combinations of amino acids in these three main co-
dons, only five (ARR, ARQ, ARH, AHQ, VRQ) are normally 
found in sheep, and their homozygotic or heterozygotic 
pairs generate 15 possible genotypes (1, 5).

Various countries around the world have begun 
genotyping their flocks of sheep (6-16). In countries 
where scrapie is present, it is possible to study the 
association between genotypes and disease spread 
for diffe rent breeds. Controlled crossbreeding is also 
possible mainly in countries in which a scrapie con-
trol program already exists. In countries in which 
the disease is not reported, genotyping can be used 
to anticipate the degree of susceptibility of the flocks 
in case the agent becomes present. Accordingly, it is 
possible to determine the potential of proposed se-
lection programs aimed at increasing disease resist-
ance without losing or interfering with other repro-
ductive characteristics.

Programs based on the selection of animals that 
are genetically resistant to scrapie have provided a 
new approach to control strategies. Such has been 
the strategy of choice in many countries, including 
Great Britain’s adoption of the National Scrapie Plan 
(NSP) (http://www.defra.gov.uk). In general, these 
plans and programs are based on selection by cross-
breeding, with varying degrees of selection pressure, 
and aim to increase the frequency of the ARR allele 
and diminish the VRQ frequency.

It is well-established that the ARR/ARR genotype 
susceptibility to the agents causing scrapie is ex-
tremely low, although no longer considered null (17). 
On the other hand, the VRQ allele is considered to be 
associated with high susceptibility (3, 6, 10, 11).

The combination of the remaining alleles present va-
riable levels of susceptibility. Dawson et al. (5) proposed 
a classification for different allelic combinations, grou-
ping the genotypes into five groups so that R1 is the most 

resistant and includes only the ARR/ARR genotype; R5 is 
the most susceptible and includes genotypes with allele 
VRQ with the exception of ARR/VRQ and AHQ/VRQ.

In Brazil, according to the World Organization for 
Animal Health (OIE), cases of scrapie were notified in 
2000, 2001, 2003, 2005, and 2006 (http://www.oie.int). 
Out of these, only the 2005 cases did not occur in the 
state of Paraná. Nevertheless, the animals involved in 
this 2005 report were purebred Suffolk imported from 
Paraná. In addition, the 2003 cases were the first to be 
considered autochthonous in the country.

No control program for scrapie has been implement-
ed in Brazil, and there is little data on PRPN genotyping. 
Thus, the aim of the present work is to analyze the ge-
notyping results of meat breeds raised in the state of 
Paraná with regard to scrapie as outlined in the main 
scrapie control program in the world, Great Britain’s NSP.

Materials and methods

Flock Selection

Samples were obtained from sheep representing 
the most common meat breeds of sheep raised in 
Paraná, including Suffolk, Hampshire Down, Texel, Ile 
de France, Dorper, Dorset, and Santa Inês. In addition, 
other breeds such as Crioula, Damara, and crossbred 
animals were also included. The samples were obtained 
from 56 flocks distributed across the state of Paraná.

Genotype data

PRNP was genotyped using Restriction Fragment 
Length Polymorphism (RFLP) according to Luhken 
et al. (12). Results from 28 samples were validated by 
DNA sequencing to confirm the genotypes generated by 
RFLP analysis. 

Classification as susceptible or resistant to scrapie

The classification of samples as susceptible or 
resistant to scrapie followed the standards set forth 
in the National Scrapie Plan (http://www.defra.gov.uk), 
which was introduced for registered purebred flocks 
in Great Britain in 2001 and was extended to non-reg-
istered pure bred flocks in 2002 (18). The program is 
based on a positive selection of breeders with allele 
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ARR and the nega tive selection of the VRQ allele; the 
program, moreover, provides a table that summari-
zes restrictions on breeding according to the geno-
type of the animal (Table 1).

Results

A total of 325 samples from 56 flocks distributed 
across the state of Paraná were genotyped by PCR-RFLP 
and validated by DNA sequencing (Table 2). The al-
lele and genotype frequencies have been published 
elsewhere (19).

Genotypes ARQ/ARQ and ARR/ARQ were found 
in all breeds, presenting variations only in terms of 
frequency. Genotype ARR/ARR was not observed in 
the Dorper and Santa Inês breeds. Genotype ARR/
AHQ was only observed in crossbred animals, and 
genotype ARQ/AHQ was observed in crossbred 
animals and in the Santa Inês breed. Genotypes 
with the VRQ allele were not observed in the Ile 
de France and Suffolk breeds. Among the analyzed 
breeds, those that presented the highest variabil-
ity were the Santa Inês breed as well as the cross-
breeds; each breed showed six different genotypes 
(Table 2).

Table 1 -  Classification of different genotypes found in sheep with regard to the degree of susceptibility to scrapie, 
according to the NSP

NSP Type Genotype Degree of resistance/susceptibility

1 ARR/ARR Sheep that are genetically most resistant to scrapie.

2 ARR/AHQ
ARR/ARH
ARR/ARQ

Sheep that are genetically resistant to scrapie, but will need careful selection when used for 
further breeding.

3 AHQ/AHQ
AHQ/ARH
AHQ/ARQ
ARH/ARH
ARH/ARQ
ARQ/ARQ

Sheep that genetically have little resistance to scrapie and will need careful selection when used 
for further breeding.

4 ARR/VRQ Sheep that are genetically susceptible to scrapie and should not be used for breeding unless in 
the context of an approved and controlled breeding programme.

5 AHQ/VRQ
ARH/VRQ
ARQ/VRQ
VRQ/VRQ

Sheep that are highly susceptible to scrapie and should not be used for breeding.

Source: Adapted from the NSP Genotypes Table. (http://www.defra.gov.uk/animalhealth/managing-disease/NSPAC/tables/genotypes.pdf)

Table 2 - Distribution (n) of genotypes according to breed of 325 animals genotyped using the PCR-RFLP method
(continues)

Breed Animals 
(n)

Flocks 
(n)

ARR/
ARR

ARR/
ARQ

ARQ/
ARQ

ARR/
VRQ

ARR/
AHQ

ARQ/
VRQ

ARQ/
AHQ

Crioula 10 1 5 3 2 - - - -

Damara 2 1 - - 2 - - - -

Dorper 27 7 - 3 17 1 - 6 -

Dorset 32 1 2 10 18 - - 2 -

Hampshire Down 83 8 4 33 36 2 - 8 -

Ile de France 12 11 4 7 1 - - - -

Crossbreeds 75 1 16 32 19 2 - 4 2

Santa Inês 28 7 - 8 12 2 1 3 2
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By classifying the animals according to the criteria of 
the British NSP (see Table 1), one observes that 14.4% 
of the total number of genotyped animals fit type 1, 
which do not require any restrictions for reproduction. 
Types 2 and 3 require careful selection when used for 
further breeding; of the animals classified in this study, 
29.5% and 47.8% were type 2 and 3, respectively. Types 
4 and 5 are required to be thorou ghly eliminated, either 
by castration or slaughtering, and we find that 1.6% and 
6.7% of the genotyped animals fit these types, respec-
tively. The classification of each breed according to the 
criteria of the NSP is seen in Table 3.

Discussion

No controlled breeding scheme for scrapie has 
been implemented in Brazil. Nevertheless, before a se-
lective breeding program is proposed, it is essential to 
understand the population structure and the degree of 
variability of the PRNP across different breeds. 

In the present work we have used the classification 
proposed by the National Scrapie Plan because of the 
worldwide importance of this control plan for scrapie. 
One must point out that the NSP has tested over 2 mil-
lion sheep to date. With similar programs taking place 
within the European Union, this may be the largest ge-
netic selection program ever put in place, and as such, 
it is generating a substantial amount of data on geno-
type frequencies across different sheep breeds from 
various countries and regions (20).

By assessing the percentage of resistant or suscep-
tible genotypes in the various breeds, it is possible to 
predict the selection possibilities and difficulties within 
each breed if a selective breeding program is proposed.

When the genotyped animals presenting this study 
are classified, less than half of the animals (43.9%) are 
classified into types 1 and 2. For these two categories, 
there are no breeding restrictions for males, although 
type 1 (ARR/ARR) is more encouraged than type 2. 
Very different results are observed with regard to in-
dividual breeds; some breeds are less than 15% for 

Table 3 -  Percentage of animals by breed according to their classification into Type 1, 2, 3, 4, or 5 according to the NSP 
classification

Breed
% according to the Type by the NSP

1 2 3 4 5

Crioula 50.0 30.0 20.0 0.0 0.0

Damara 0.0 0.0 100.0 0.0 0.0

Dorper 0.0 11.1 63.0 3.7 22.2

Dorset 6.2 31.3 56.2 0.0 6.3

Hampshire Down 4.8 39.8 43.4 2.4 9.6

Ile de France 33.3 58.3 8.4 0.0 0.0

Santa Inês 0.0 32.1 50.0 7.1 10.8

Suffolk 10.0 25.0 65.0 0.0 0.0

Texel 18.7 25.0 43.8 0.0 12.5

Crossbreeds 21.3 42.7 28.0 2.7 5.3

TOTAL/average 14.4 29.5 47.8 1.6 6.7

Table 2 - Distribution (n) of genotypes according to breed of 325 animals genotyped using the PCR-RFLP method
(conclusion)

Breed Animals 
(n)

Flocks 
(n)

ARR/
ARR

ARR/
ARQ

ARQ/
ARQ

ARR/
VRQ

ARR/
AHQ

ARQ/
VRQ

ARQ/
AHQ

Suffolk 40 10 4 10 26 - - - -

Texel 16 9 3 4 7 - - 2 -

TOTAL 325 56 38 110 140 7 1 25 4
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types 1 and 2, such as the Dorper breed. Other breeds, 
such as the Ile de France, are 91.6% for types 1 and 2. 
Type 3, into which 47.8% genotypes were classified 
and in which almost all breeds have the largest num-
ber of representatives, is the most controversial cate-
gory of all. There have been restrictions on the com-
mercialization of sheep belonging to this group that 
are no longer applied, but there are still restrictions 
depending on the breed and on the type of raising. 
The type 4 genotypes constitute a special problem. 
Although these animals run a smaller risk of develo-
ping scrapie during their lives, they have the potential 
to generate type-5 progeny, which has a great risk of 
disease if exposed to the scrapie agent. Thus, the re-
strictions on sheep in this group, as well as restric-
tions on type-5 sheet, are severe, as these animals 
must be slaughtered or castrated. Among the animals 
genotyped for the present work, 8.3% would be clas-
sified into these two groups. More detailed evaluation 
of each breed is presented below.

Suffolk

Data observed on the Suffolk breed show the 
presence of only two alleles, ARR and ARQ. Suffolk 
is breed classified as having only these two alleles 
and, occasionally, the ARH allele (5). Overall, 65% of 
Suffolk sheep have the ARQ/ARQ alleles, 25% have 
the ARR/ARQ alleles, and 10% have the ARR/ARR al-
leles. This has raised a concern regarding the breed’s 
susceptibility to scrapie, since in breeds like Suffolk, 
in which the VRQ allele is either rare or absent, the 
genotype ARQ/ARQ is associated with a greater risk 
of scrapie (5). It has been suggested that the best way 
to control the disease in this breed would involve 
the elimination of all animals with QQ at codon 171, 
since they represent only 14% of animals without 
scrapie and 100% of those affected. In the data pre-
sented here, a control program based on the same 
elimination criterion would be impracticable, given 
that 65% of the animals are genotyped ARQ/ARQ (3). 
Moreover, there is also the possibility that ARR/ARQ 
animals are susceptible, although in a smaller pro-
portion (4, 21).

In a review of NSP data (13), the genotypes of 
more than 36 thousand Suffolk sheep showed that the 
frequency of the ARR allele is much higher than that 
of the ARQ (75% and 24%, respectively). There was 
a very low frequency of ARH (1%) and VRQ (0.2%), 

confirming that this breed predominantly has ARR 
and ARQ alleles. These data, however, may take into 
account flocks in which guided breedings have already 
aimed to increase the ARR allele; this would in fact jus-
tify such high frequencies of these alleles.

According to other Brazilian data, the analysis of 
129 Suffolk sheep for codons 136 and 171 presented 
4% of AR/AR animals, 40% of AQ/AR animals, 49% 
of AQ/AQ animals, 6% of AQ/AH animals, and 1% of 
AR/VQ animals (22).

The Suffolk breed has a historical importance in 
the state of Paraná. During the 80s, it was the breed 
raised most frequently by purebred sheep breeders. 
The import of these sheep occurred mainly from the 
United States, where scrapie is an endemic disease. 
If the Suffolk animals tested here were selected for 
breeding using the NSP classifications, only 35% 
(types 1 and 2) would be bred.

Hampshire Down (HD)

In the present study, the VRQ allele is present in 
the HD breed, though in a low frequency (0.6%). The 
10% presence of ARQ/VRQ animals, which is one of 
the genotypes most susceptible to scrapie (only VRQ/
VRQ is considered more susceptible) raises concerns, 
because these are animals at risk if they contact the 
agents that cause scrapie. Additionally, the 43% pres-
ence of the genotype ARQ/ARQ, considered the most 
susceptible in valine breeds, together with the low 
percentage of ARR/ARR animals (only 5%) further 
increase these concerns.

The Hampshire Down breed is also classified as 
one of the “alanine breeds” that only exhibit alleles 
ARR and ARQ and, occasionally, allele ARH (5). The 
presence of allele VRQ is rare. In the analysis of data 
on 2,158 NSP animals (13), it were registered the fre-
quencies of alleles ARR and ARQ at 54.9% and 45%, 
respectively. Alleles ARH, AHQ, and VRQ were not 
found. Data from animals in the U.S. also show only 
alleles ARR and ARQ, and the most frequent geno-
type was ARR/ARQ (52.7%), followed by ARQ/ARQ 
(26.4%), and ARR/ARR (20,9%) (9).

In Paraná state, HD as well as Suffolk animals was 
also imported from the U.S. in the 80s, though HD 
sheep were imported to a lesser degree. According 
the NSP classification, 43% of the HD animals tested 
here would be classified as type 3, 2.4% would be 
classified as type 4 and 9.6% would be classified as 
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type 5; thus, more than 55% of HD animals are in 
the groups most susceptible to scrapie. The scrapie 
cases of sheep in Paraná were exclusively HD animals, 
showing that they are in fact very susceptible animals.

Texel

In the animals evaluated in the present study, only 
the genotypes ARQ/ARQ (44%), ARR/ARQ (25%), ARR/
ARR (19%), and ARQ/VRQ (13%) were found, show-
ing a lower variability than indicated by other studies. 
In Dawson’s classification (5), the Texel breed is among 
those with the greatest genetic variability. In this breed, 
all alleles and genotypes are normally found (1, 7).

Using NSP data (13), it were presented the genotypes 
of more than 51,000 Texel sheep, which showed the pres-
ence of all alleles. The alleles with the highest frequencies 
were ARH (43.7%), followed by ARR (33.4%), and ARQ 
(15.3%). As for alleles AHQ and VRQ, these showed low 
frequencies at 4.2% and 3.4%, respectively.

In Paraná, the Texel breed is gradually growing, as 
its carcase is considered to be one of the best among 
sheep meat breeds; thus, it has attracted the attention 
of sheep breeders. But if a breeding program were 
proposed based on the NSP classification, only 18.7% 
(type 1) and 25% (type 2) of these sheep would be 
bred, and more than 12% would be culled.

Ile De France

In the Ile de France breed, alleles ARR and ARQ 
were detected at frequencies 63% and 37%, respec-
tively. Compared with other meat breeds, this breed 
obtained the highest percentage of the ARR allele 
(63%) and the highest percentage of the ARR/ARR 
genotype (33%). The ARR/ARQ genotype was found 
in 58% of Ile de France animals, while the ARQ/ARQ 
genotype was found in only 8% of these animals. It 
was calculated genotypic frequencies in a sample of 
60 animals from 22 different flocks as 65% for ARR/
ARR, 6.7% for ARR/ARQ, 25% for ARR/VRQ, 1.7% for 
ARQ/VRQ and 1.7% for VRQ/VRQ (15).

In this study, the Ile de France breed had the high-
est number of different genetic origins (11 origins 
for 12 genotyped animals); as such, these samples 
may best represent this breed in the Paraná region. 
Therefore, the high percentages of more resistant geno-
types within this breed (33.3% for type 1 and 58.3% for 

type 2) indicate that Ile de France sheep would have a 
relatively large number of animals eligible for selective 
breeding aimed at increasing resistance to scrapie.

Dorset

Data on the genotypes of animals of this breed 
come from only one breeder and thus must be care-
fully analyzed. The most frequent genotype was ARQ/
ARQ, which was found in 56% of these animals, and 
ARR/ARQ, which was found in 32% of the animals. 
The most resistant genotype, ARR/ARR shows a 6% 
frequency, the same as that of one of the most suscep-
tible genotypes, ARQ/VRQ.

The survey data from the U.S. are relatively close to 
the results of the present study, as they show 38.7% of 
Dorset sheep having the ARR/ARQ or ARQ/ARQ geno-
types and 9.7% having the ARR/ARR genotype. There 
was also an 8.1% presence of ARR/VRQ animals as well 
as 1.6% presence of ARQ/VRQ animals (9). The origin 
of the Dorset sheep found in Paraná is the U.S. When the 
imports of this breed began, there was a ban on U.S. im-
ports precisely because of scrapie. The result of this was 
that few animals formed the basic flock, thus suggesting 
a higher rate of inbreeding in this breed.

Dorper

The Dorper breed is of South African origin 
and has only recently been introduced in Brazil. In 
Paraná, the flock is still small, but it has been attract-
ing the attention of breeders, who have sought out 
this breed as an alternative to raising pureblood ani-
mals because of the high market prices commanded 
by the Dorper breed.

In this breed, allele ARQ is present among 80% of 
sheep. The second most frequent was allele VRQ (13%), 
while the ARR allele was present for only 7% of sheep. 
Regarding the genotypes, ARR/ARR was not found, 
ARQ/ARQ characterized 63% of the animals, and geno-
types with less than one VRQ allele characterized 26% 
of the samples. This breed had the highest percentage 
of animals with relatively susceptible genotypes ac-
cording to the NSP classification, with 3.7% of sheep 
classified as type 4 and 22.2% classified as type 5.

Data on this breed are still scarce in the literature. 
DeSilva et al. (9) mentioned some data on Dorper 
crossbred animals, but these data are presented 
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together with other fur breeds, such as St. Croix and 
Katahdin, which makes a comparison with data from 
the present study impracticable.

Crioula

The Crioula breed is native to Brazil and is raised 
mainly in Rio Grande do Sul (Southern of Brazil) and 
is also present in some flocks of Paraná. Despite its 
low productivity, the genotyping results are interes-
ting, as this breed presented the highest percentage 
of ARR/ARR animals (50%), which is the genotype 
most resistant to scrapie. Usually, the most common-
ly-found allele in native breeds is ARQ (8, 11, 14, 15). 
However, because it consists of only one flock, in-
breeding may have occurred among the studied ani-
mals that led to homozygosis, or selection for allele 
ARR, as it may be correlated with some other charac-
teristics specific to this flock.

Santa Inês

The Santa Inês breed as well as the crossbred ani-
mals presented the highest variability found in the 
breeds under study; overall, these animals exhibited 
four alleles and six out of seven genotypes. The 43% 
presence of ARQ/ARQ animals, 11% presence of ARQ/
VRQ animals, and 0% presence of ARR/ARR animals 
show that this breed has a high percentage of animals 
with genotypes very susceptible to scrapie. Because 
it is a Brazilian breed, there are not many data pub-
lished regarding the Santa Inês. DeLima (23) pre-
sented results on 29 animals from the state of Ceará. 
The findings were very similar to ours: the allele 
ARH was not found, and six genotypes were found, 
including ARQ/ARQ (37.9%), ARQ/ARR (31%), 
ARR/ARR (10.3%), AHQ/AARQ (10.3%), AHQ/ARR 
(6.9%) and VRQ/ARR (3.4%). The largest flock of 
Santa Inês animals is in the northeast of Brazil. In 
addition, this breed has been attracting great inte-
rest in other states and regions of Brazil because of 
its rusticity, resistance to worms, and its absence of 
reproductive seasonality.

Since scrapie is present in the Suffolk and HD breeds 
in Paraná, the introduction of breeds such as Santa Inês, 
which has a profile of genotypes susceptible to scrapie, 
may be a matter of concern. The NSP classification 
shows that 50% of these animals would be classified as 
type 3 and more than 17% would be classified as types 

4 and 5. Likewise, breeders are hoping to export this 
breed from Brazil, but this could be jeopardized by the 
breed’s low genetic resistance to scrapie.

Crossbreeds

The genotyped crossbred animals came from the 
Pontifícia Universidade Católica do Paraná (PUCPR) 
flock and are results of crossing Texel, Ile de France, 
Hampshire Down breeds and mixed-breed animals. 
There is great genetic variability in these crossbreeds, 
with four alleles and six genotypes. The most frequent-
ly-found genotypes were ARR/ARQ (43%), followed 
by ARQ/ARQ (25%), and ARR/ARR (21%). Genotypes 
ARR/VRQ, ARQ/VRQ, and ARQ/AHQ each appeared 
in less than 5% of the total sample. These are the first 
scrapie data on crossbred animals available in the lite-
rature on Brazilian sheep.

In a globalized world, one observes an increase in 
sanitary barriers, which have increasingly replaced 
customs and other trade barriers. As in cattle-raising, 
Brazil has a great potential to produce small rumi-
nant meat for domestic consumption and for exports. 
Furthermore, breeds like Santa Inês and other hairy 
breeds have been the focus of genetic improvement 
efforts so that they can become a Brazilian export 
product. The presence of scrapie in Brazil and the 
profile of susceptible genotypes in the Santa Inês 
breed could make it difficult to export these animals. 
Therefore, the programs for control and surveillance 
of disease must be implemented with great care and 
responsibility to ensure the acceptance of Brazilian 
products overseas without any restrictions. Moreover, 
breeding programs should be conducted step-by-step 
and address the maintenance of genetic variability, 
adaptation, production, and disease resistance (19).
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