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Abstract: In this study, we analysed scrapie test results of Hungarian indigenous sheep
breeds (Cikta, Tsigai, Dairy Tsigai, Transylvanian Racka, and Hungarian Racka in white and
black colour variants) and the endangered Hungarian Merino rams during the period from
2019 to 2023. In Hungary, it is mandatory to perform scrapie testing for every ram intended
for breeding. These results were subsequently compared with data from analyses conducted
in 2004 and between 2013 and 2015, which served as control samples. The test results were
given by the Hungarian Sheep and Goat Breeders’ Association. The employees collected
ear cartilage tissue samples during the identification of the lambs using TypiFixTM by
Agrobiogen GmBH. We determined the frequencies of alleles, genotypes, and risk groups,
and calculated the proportion of each within the studied population. The scrapie test
results were evaluated using the SPSS 23 software package and a Chi2-test. Samples were
categorised into one of five risk groups (R1 (lowest)–R5 (highest)) based on the degree of
resistance observed. In conclusion, we found that there was a significant improvement in
scrapie susceptibility for all breeds except the Cikta. However, the potential impact of this
improvement on other important traits remains undetermined. Regarding susceptibility to
scrapie, the Hungarian Merino is the most resistant group, as 68.8% of the rams in this breed
belonged to the R1 risk group, while the Cikta sheep is in the least favourable position, as
only 3.3% of the examined individuals belonged to this category.

Keywords: scrapie; indigenous breeds; scrapie resistance; zoonosis

1. Introduction
Scrapie or TSEs (Transmissible Spongiform encephalopathies) is a generally lethal,

infectious, notifiable disease caused by a prion, which is manifested in a degenerative
change in the brain substance in sheep [1–3].

These genetic tests enable the selective elimination of scrapie-susceptible genotypes
from the breeding population, thereby enhancing overall flock resistance to the disease.
Consequently, the performance of scrapie diagnostic tests is of great importance not only
for intensive breeds, but also for indigenous and endangered Hungarian sheep breeds.
Their milk is a unique ingredient and their meat is used to make the centuries-old mutton
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stew from Karcag, which has been awarded as part of the Collection of Hungarian Values
also known as Hungarikums. This collection was established by Act number XXX of
2012 concerning Hungarian National Values as enacted and declared by the Hungarian
Government [4].

Scrapie was first described in England in 1735 [5,6]. In Hungary, the disease was first
reported in 1964; since then, only a few individuals have been diagnosed with the atypical
form of the disease during compulsory testing [7].

The typical form is a notifiable disease. Upon detection, complete eradication of the
flock is required, followed by official quarantine measures [1,2,8–11].

The atypical form was described first in Norway; it usually occurs in animals older
than 5 years [11,12].

The method of prevention is inspection (annual examination of brain tissue) of a
specified number of dead/slaughtered animals older than 18 months or animals with more
than two permanent incisors [2,13,14].

Sampling can be used to determine susceptibility to scrapie from ear cartilage, blood,
or even semen [11,15,16].

Regulation of European Community No. 999/2001 lays down rules for prevention
with programmes, among others [17]. The Hungarian national program was started in 2003.
All prospective rams must be sampled to determine prion genotypes. Only individuals
belonging to risk groups R1–R3 are eligible for further breeding, while those carrying the
VRQ allele are designated for slaughter [18,19].

Hungary has been classified as a “low-risk” Scrapie country since 2014. To maintain
this status, it is crucial to use prevention to breed less susceptible sheep breeds and classify
the animals into less sensitive breeds and bloodlines based on genetic testing [17]. The test
involves testing the existing prion protein (PrPC) gene. It is present in all individuals in
the form of two alleles, one maternal and one paternal. During breeding, it is important
to amplify alleles that are less susceptible to the disease and to reduce the occurrence of
alleles that amplify susceptibility.

The susceptibility of small ruminants to scrapie is determined by the polymorphism
of the prion gene and the susceptibility of the animal’s host. In the coding section of the
prion gene, which contains 771 base pairs, a base exchange can be observed in three places.
On place codon 136 there is alanine (A) instead of valine (V), on place codon 154 there is
arginine (R) instead of histidine (H), and on codon 171 there is an arginine (R) instead of
glutamine (Q) or histidine (H) [2,20–29]. If codon 171 encodes glutamine (Q), the animal
should be selected [2,21–24].

The most resistant animals are A136R154R171/A136R154R171, and the most suscepti-
ble animals are V136R154Q171/V136R154Q171 [11,17,18,29].

In Hungary, goats are significantly more sensitive to scrapie than sheep [30].
Indigenous breeds of sheep bred in small numbers are generally more susceptible to

the disease, and in their case, due to the number of people, it is not possible to select only
individuals with the most resistant genotype [19,31–35].

According to the 2023 EFSA report, 93.4% of sheep diagnosed with classical scrapie
belonged to the susceptible animals [36]. In Hungary, 12 animals susceptible to scrapie
were registered; in the EU, the highest number of animals were registered in this category
in Greece (188) and Spain (149) during sampling in 2023 [37].

In the United States of America, the Animal and Plant Health Inspection Service
(APHIS) established 17 registered laboratories for scrapie testing. The test is conducted on
blood samples, and approximately 30% of the sheep there are susceptible to scrapie.

From the perspective of determining susceptibility, codon 171 is primarily decisive. If
Q (glutamine) occurs at this position, the animals are quite susceptible, but H (histidine)



Agriculture 2025, 15, 880 3 of 16

and K (lysine) can also indicate susceptibility in animals. In the USA, this is called valine-
independent scrapie. Studies have shown that in the case of classical scrapie, the QQ allele
was present at codon 171 in 99% of cases [38].

Codon 136 plays a role in susceptibility to the less common type of classical scrapie
found in the United States, valine-dependent scrapie.

In most cases, A (alanine) or V (valine) occurs most frequently, while in rarer instances,
T (threonine) may also be present. The V allele leads to increased susceptibility [38].

The aim of this research is to determine the difference in scrapie results among Hungar-
ian breeds and to demonstrate which breeds have shown the most significant improvement.

2. Materials and Methods
According to the Hungarian Sheep and Goat Breeders’ Association’s (HSGBA) breed-

ing plan, all prospective rams must be sampled to determine prion genotypes [30]. Only
individuals belonging to risk groups R1–R3 are eligible for further breeding, while those
carrying the VRQ allele (risk categories 4–5) are designated for slaughter [29].

HSGBA employees collected ear cartilage tissue samples from 19,479 animals: from
551 Cikta, 2917 Tsigai, 246 Dairy Tsigai, 619 Transylvanian Racka, and 3609 Hungarian
Racka, 1827 white and 1782 black colour variants, and 7928 Hungarian Merino during
the identification of the lambs using TypiFixTM by Agrobiogen GmBH (Hilgertshausen-
Tandern, Germany) between 2019 and 2023.

The samples were then sent to the company’s laboratory in Germany for genotyping;
PCR was used to amplify the prion protein gene the variant (haplotype) sequence deter-
mined through pyrosequencing. Based on the results, the rams were classified to one of the
5 risk groups (Table 1) [18]. During the examination, the prion gene is marked, then the
DNA sequence is amplified using PCR technique, and the polymorphic nucleotides are
determined by pyrosequencing [18].

The test results were given to the project by the Hungarian Sheep and Goat Breeders’
Association. The required data were taken from the Microsoft Excel database and statis-
tically evaluated using the SPSS 23 statistics software. From the number of individual
genotypes of the varieties, the individual genotype frequency, the proportion of alleles, the
frequency of occurrence, and the frequency or proportion of risk groups were determined.
Using the Chi2-test, the current condition was compared to the former condition (2013 to
2015, and 2004) [9,18,19]. We compared the test results from 2004 (Table 2) and 2013–2015
with those from 2019–2023 and illustrated in Tables 3 and 4 the extent of changes in the
proportions of haplotypes, genotypes, and risk groups within the population. There were
780 examinations conducted in 2004 and 10083 between 2013–2015.

Table 1 presents the susceptibility to scrapie risk groups by genotypes [19,24,30].

Table 1. PrP-genotypes of the sheep and their classification into different risk groups.

Risk Group Genotype Degree of Resistance/Susceptibility

R1 ARR/ARR
The individual and the offspring have a very low probability of developing the

disease. That group is genetically most resistant to scrapie. The chance of infection is
extremely low.

R2
ARR/AHQ The individual and the offspring are unlikely to develop the disease. That group are

genetically resistant to scrapie but will need careful selection when used for further
breeding. The chance of infection is low if paired with an R1 or R2 individual.

ARR/ARH
ARR/ARQ
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Table 1. Cont.

Risk Group Genotype Degree of Resistance/Susceptibility

R3

AHQ/AHQ
The individual is less likely to have the disease, but some of the offspring may be at
risk depending on the genotype of the other parent. That group genetically have little
resistance to scrapie but needs careful selection. Increased risk especially in the case of

ARQ animals.

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

R4 ARR/VRQ

Individuals may develop scrapie, and the risk of disease in offspring is higher than in
the R3 group. That group are genetically susceptible to scrapie and should not be used

for breeding, except in the context of a controlled breeding program. High risk for
certain animals and for half of the offspring.

R5

AHQ/VRQ
The risk of the disease is the highest for that group. Animals are susceptible to scrapie

and should not be used for breeding. The risk of infection is very high.
ARH/VRQ
ARQ/VRQ
VRQ/VRQ

You can find the characteristics of the breeds in the Supplementary Materials.

3. Results
Table 2 presents the 780 scrapie examinations conducted in 2004. Regarding the

haplotypes, approximately 70% of the examined sheep in the Cikta and Hortobágy Racka
breeds, 65.63% of Tsigai rams, 42.5% of Hungarian Racka, and 46.11% of Hungarian Merino
possessed the ARQ allele during this period. At that time, the Hungarian Merino had the
highest proportion of the ARR allele (47%).

Among the 15 possible genotypes, the number of genotypes varied across different
breeds: Cikta (5), Tsigai, Transylvanian Racka (6), Hungarian Racka (14), and Hungarian
Merino (9). In 2004, the VRQ/VRQ genotype was not present in the indigenous and
endangered Hungarian sheep breeds [19].

Regarding the risk groups, it was observed that the Cikta, Transylvanian Racka, and
Hungarian Racka breeds were classified into the R3 category, while the R2 category was
most characteristic for the Tsigai and Hungarian Merino breeds. In the initial phase of
scrapie testing, the prevalence of the least susceptible R1 category was low among the
examined breeds. Except for the Hungarian Merino (21%), the occurrence of the R1 category
remained below 5% in the other four studied breeds. This proportion was considered
extremely low.

Table 2. Frequencies of haplotypes and genotypes of native and endangered Hungarian Sheep Breeds
in 2004 as well as the distribution of scrapie risk groups. (1) Cikta; (2) Tsigai; (3) Transylvanian Racka
Sheep; (4) Hungarian Racka; and (5) Hungarian Merino Sheep.

Groups (1) (2) (3) (4) (5)

Haplotypes
(n = 138)

Chi2 = 7.608;
p = 0.55

(n = 128)
Chi2 = 9.112;

p = 0.058

(n = 114)
Chi2 = 10.137;

p = 0.038

(n = 280)
Chi2 = 7.904;

p = 0.095

(n = 900)
Chi2 = 11.873;

p = 0.018
ARR 20.29 28.91 27.19 23.93 47.00
AHQ 9.42 3.13 0.88 17.68 4.56
ARH 0.00 1.56 - 12.14 0.56
ARQ 70.29 65.63 70.18 42.50 46.11
VRQ 0.00 0.78 1.75 3.57 1.78

Genotypes
(n = 69);

Chi2 = 13.768;
p = 0.032

(n = 64)
Chi2 = 15.574;

p = 0.077

(n = 57)
Chi2 = 16.017;

p = 0.042

(n = 140)
Chi2 = 22.221;

p = 0.052

(n = 450)
Chi2 = 28.272;

p = 0.003
ARR/ARR 1.45 3.13 5.26 5.00 21.11
ARR/AHQ 4.35 6.25 - 6.43 7.33
ARR/ARH - - - 4.29 0.67



Agriculture 2025, 15, 880 5 of 16

Table 2. Cont.

Groups (1) (2) (3) (4) (5)

ARR/ARQ 33.33 45.31 42.11 25.00 40.89
AHQ/AHQ - - - 4.29 -
AHQ/ARH - - - 7.14 -
AHQ/ARQ 14.49 - 1.75 12.14 1.78
ARH/ARH - - - 0.71 -
ARH/ARQ - 3.13 - 10.00 0.44
ARQ/ARQ 46.38 40.62 47.38 17.86 24.22
ARR/VRQ - - 1.75 2.14 2.89
AHQ/VRQ - - - 1.43 -
ARH/VRQ - - - 1.43 -
ARQ/VRQ - 1.56 1.75 2.14 0.67
VRQ/VRQ - - - - -

Risk groups
(n = 69)

Chi2 = 8.451;
p = 0.038

(n = 64)
Chi2 = 7.877;

p = 0.96

(n = 57)
Chi2 = 7.640;

p = 0.106

(n= 140)
Chi2 = 9.055;

p = 0.060

(n = 450)
Chi2 = 11.335;

p = 0.023
R1 1.45 3.13 5.26 5.00 21.11
R2 37.68 51.56 42.11 35.71 48.89
R3 60.87 43.75 49.13 52.15 26.44
R4 - - 1.75 2.14 2.89
R5 - 1.56 1.75 5.00 0.67

Table 3 describes the evaluation of the results of the 19,479 tests conducted between
2019 and 2023 compared to 2004. The most favourable ARR allele increased to the greatest
extent in the Transylvanian Racka breed. Compared to 2004, there was a 48.73% improve-
ment, which is highly advantageous for eradication purposes. This was followed by
Hungarian Merino (+35.93%), Tsigai (+32.87%), the white variant of Hortobágy Racka
(+21.53%), and the black variant of Hortobágy Racka (+18.97%). Among the examined
breeds, only the Cikta exhibited a decrease in the proportion of the ARR allele (−4.95%).
Regarding these breeds, the AHQ allele slightly increased (+0.7–0.8%) in the white variant
of Hortobágy Racka and Transylvanian Racka, while it decreased in the other breeds. The
ARH allele has decreased except for the Transylvanian Racka breeds. The largest decrease
was observed for the ARQ allele. This allele increased only in the Cikta breed (+6.48%).
The VRQ allele showed an increase of +0.1% in Cikta. The VRQ allele showed an increase
of +0.1% in Cikta. Compared to 2004, new haplotypes emerged in certain breeds: the VRQ
allele appeared in Cikta, and the ARH allele emerged in Transylvanian Racka.

The greatest improvements in the occurrence percentage of the ARR/ARR genotype
were observed in Transylvanian Racka (+54.19%), Hungarian Merino (+47.67%), and Tsi-
gai (+37.05%). The most negative VRQ/VRQ allele was not observed in either 2004 or
2019–2023. Changes occurred in the number of genotypes. In Cikta, AHQ/AHQ and
ARQ/VRQ appeared. In Tsigai, ARR/ARH, AHQ/AHQ, AHQ/ARQ, and ARR/VRQ
emerged. Transylvanian Racka showed ARR/AHQ, ARR/ARH, and ARH/ARQ. In Hun-
garian Merino, AHQ/AHQ, AHQ/ARH, and ARH/ARH haplotypes appeared.

Regarding risk groups, the most significant improvements in the R1 category were
observed in Transylvanian Racka (+54.19%), Hungarian Merino (+47.67%), and Tsigai
(+37.05%). The occurrence rate of the R3 risk group decreased in all the examined breeds
except for Cikta. Regarding susceptibility to scrapie, it is disadvantageous that the R4
proportion increased in the Tsigai (+0.27%) and Transylvanian Racka (+0.52%) breeds, and
that the R5 category proportion increased in the Cikta (+0.2%) breed. This trend developed
favourably for the other breeds, as the proportion of these risk groups decreased since the
initiation of examinations and eradication programs. Changes also occurred in the risk
groups, with the R5 category emerging in Cikta and the R4 category appearing in Tsigai.
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Table 3. Changes in frequencies of haplo- and genotypes of native and endangered Hungarian sheep
breeds and distribution of scrapie risk groups since 2004. (1) Cikta; (2) Tsigai; (3) Transylvanian
Racka Sheep; (4) Hungarian Racka Sheep, white colour variant; (5) Hungarian Merino Sheep; and
(6) black-coloured Hungarian Racka Sheep.

Groups (1) (2) (3) (4) (5) (6)

Haplotypes (n = 1102) (n = 5834) (n = 1238) (n = 3654) (n = 15,856) (n = 3564)
ARR −4.95 +32.87 +48.73 +21.53 +35.93 +18.97
AHQ −1.62 −0.51 +0.82 +0.71 −2.33 −6.29
ARH - −1.34 +0.65 −2.15 −0.19 −5.49
ARQ +6.48 −30.47 −50.15 −17.46 −31.77 −4.73
VRQ +0.1 −0.56 −0.05 −2.45 −1.65 −2.28

Genotypes (n = 551) (n = 2917) (n = 619) (n = 1827) (n = 7928) (n = 1782)
ARR/ARR +1.82 +37.05 +54.19 +16.83 +47.67 +12.62
ARR/AHQ −2.17 −2.65 +2.42 +9.66 −3.76 +1.54
ARR/ARH - +0.31 +1.13 +3.87 −0.16 +2.16
ARR/ARQ −11.37 −6.3 −15.01 −3.11 −16.92 +10.07
AHQ/AHQ +0.9 +0.07 - +0.03 +0.03 −2.89
AHQ/ARH - - - −3.24 +0.06 −2.88
AHQ/ARQ −2.88 +1.51 −0.78 −4.37 −1.01 −4.62
ARH/ARH - - - +0.6 +0.01 −0.01
ARH/ARQ - −2.99 +0.16 −4.91 −0.29 −9.05
ARQ/ARQ +13.51 −25.88 −42.05 −10.47 −22.33 −2.43
ARR/VRQ - +0.27 +0.52 −1.04 −2.64 −1.07
AHQ/VRQ - - - −1.05 - −1.22
ARH/VRQ - - - −1.21 - −1.23
ARQ/VRQ +0.2 −1.39 −0.62 −1.54 −0.66 −1.02
VRQ/VRQ - - - - - -

Risk groups (n = 551) (n = 2917) (n = 619) (n = 1827) (n = 7928) (n = 1782)
R1 +1.82 +37.05 +54.19 +16.83 +47.67 +12.62
R2 −13.55 −8.64 −11.42 +10.43 −20.83 +13.78
R3 +11.53 −27.29 −42.67 −22.35 −23.54 −21.85
R4 - +0.27 +0.52 −1.04 −2.64 −1.07
R5 +0.2 −1.39 −0.62 −3.85 −0.66 −3.48

Table 4 shows how the test results from the 2019–2023 period we analysed compare
to the 2013–2015 test results of local Hungarian sheep breeds. For the haplotypes, there
were favourable changes in the ARR allele frequencies, with the most favourable allele
becoming more frequent in all seven varieties. The highest increases were for Transylvanian
racka (+18.94%), Tsigai (+15.97%), Hungarian Merino (+15.86%) and Dairy Tsigai (15%).
We observed a decrease in the ARQ and VRQ alleles for all the breeds except Cikta. In
Cikta, the ARH allele did not occur during the 2019–2023 examination period. The most
significant improvement in genotype frequency was observed in the occurrence of the
ARR/ARR homozygous genotype in Transylvanian Racka (+24.17%), Hungarian Merino
(+23.79%), and Tsigai (+18.13%) breeds, while the smallest increase occurred in Cikta
(+0.82%). In the Hungarian Merino breed, the ARH/ARH genotype has emerged since the
previous examination period. The VRQ/VRQ genotype, similar to the earlier period, was
only observed in Dairy Tsigai and the white variant of Hortobágy Racka, but it showed a
decrease in these breeds as well, which is advantageous for breeding purposes.

Regarding the occurrence of risk groups, we observed that due to the eradication pro-
gram, the proportion of R1 increased in all the examined breeds. Compared to 2013–2015,
the most significant increases in R1 proportion were seen in Transylvanian Racka (+24.17%),
Hungarian Merino (+23.79%), and Tsigai (+18.13%). The proportion of the R3 risk group
decreased in all the breeds. It can be considered favourable that the occurrence rate of the
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R4 risk group decreased in all the breeds except for Dairy Tsigai and Cikta. It is extremely
advantageous that the proportion of the R5 risk group decreased in all the breeds com-
pared to 2013–2015. This is favourable for reducing susceptibility to scrapie and for the
eradication program.

Table 4. Changes in frequencies of haplo- and genotypes of native and endangered Hungarian sheep
breeds and distribution of scrapie risk groups since 2013–2015. (1) Cikta; (2) Tsigai; (3) Transylvanian
Racka Sheep; (4) Hungarian Racka Sheep, white colour variant; (5) Hungarian Merino Sheep; (6) black-
coloured Hungarian Racka Sheep; and (7) dairy Tsigai Sheep.

Groups (1) (2) (3) (4) (5) (6) (7)

Haplotypes (n = 1102) (n = 5834) (n = 1238) (n = 3654) (n = 15,856) (n = 3564) (n = 492)
ARR +1.15 +15.97 +18.94 +9.98 +15.86 +12.03 +15
AHQ −2.9 −0.68 −1.22 −3.53 −2.25 +3.17 −1.07
ARH −0.13 −0.2 −1.38 −5.35 +0.09 −2.46 −2.61
ARQ +1.84 −14.65 −14.74 −0.4 −13.52 −11.08 −9.56
VRQ +0.05 −0.44 −1.6 −2.49 −0.18 −1.66 −1.76

Genotypes (n = 551) (n = 2917) (n = 619) (n = 1827) (n = 7928) (n = 1782) (n = 246)
ARR/ARR +0.82 +18.13 +24.17 +8.56 +23.79 +8.25 +11.72
ARR/AHQ −0.61 −0.55 −0.63 +2.11 −2.53 +2.45 −0.44
ARR/ARH - −0.16 −1.66 −1.44 +0.09 +0.93 +1.42
ARR/ARQ +1.26 −3.03 −7.16 +5.3 −13.33 +4.51 +5.56
AHQ/AHQ −0.41 −0.02 - −2.32 −0.25 +0.89 -
AHQ/ARH - - −0.25 −3.21 +0.04 +2.98 −0.48
AHQ/ARQ −4.37 −0.66 −1.57 −0.76 −1.49 −0.31 −0.97
ARH/ARH - - - −0.7 +0.01 −0.33 −0.48
ARH/ARQ −0.26 −0.24 −0.6 −3.44 +0.03 −7.78 −4.75
ARQ/ARQ +3.47 −12.59 −9.14 +0.64 −6 −8.32 −8.18
ARR/VRQ - −0.58 −1.03 −1.15 −0.09 −0.34 +0.02
AHQ/VRQ - −0.09 - −0.57 −0.02 −0.56 −0.24
ARH/VRQ - - −0.25 −1.2 - −0.44 −0.44
ARQ/VRQ −0.11 −0.21 −1.92 −1.53 −0.25 −1.96 −2.61
VRQ/VRQ - - - −0.24 - - −0.12

Risk
groups (n = 551) (n = 2917) (n = 619) (n = 1827) (n = 7928) (n = 1782) (n = 246)

R1 +0.82 +18.12 +24.17 +8.56 +23.79 +8.25 +11.72
R2 +0.64 −3.73 −9.41 +5.97 −15.76 +7.89 +6.54
R3 −1.57 −13.51 −11.56 −9.77 −7.67 −12.83 −14.86
R4 - −0.58 −1.03 −1.15 −0.09 −0.34 +0.02
R5 −0.11 −0.3 −2.17 −3.59 −0.27 −2.97 −3.42

3.1. The Cikta Sheep

In the period we analysed from 2019 to 2023, the ARQ allele was the most frequent
(76.77%). The ARR allele was present in 15.34% and AHQ allele in 7.8% of individuals,
while the VRQ allele occurred in only 0.09%. There were no sheep with the ARH allele.
Based on that, we determined that, similar to the results of previous years, the ARQ allele
was the most common, and the rate of occurrence of the most favourable ARR allele was,
as in previous years, much lower than estimated. The Chi2-test indicated that there are
statistically significant deviations (p = 0.026) in our results and the 2013–2015 results.

Among the 15 known prion genotypes, only 7 were detected between 2019 and 2023.
Genotypes carrying the ARQ allele were the most common, followed by sheep carrying the
ARR and AHQ alleles. The homozygous VRQ/VRQ genotype, which is most sensitive to
scrapie, was not found during the period of our study. There are statistically significant
deviations compared to previous years, p = 0.0032 (2004) and p = 0.006 (2013–2015) in the
Chi2-test.
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The most common risk group was the R3 (72.4%), then R2 (24.13%). The R1 group had
3.27%, and there were no individual in the R4 risk group neither our results, nor in the past
results. Only one Cikta ram (0.2%) was in a R5 group. The percentage slightly increased in
the R1 group.

3.2. The Tsigai Sheep

Table 3 describes the most recent test results of the Tsigai rams examined, which we
compared to the 2004 test results, shown in Table 2. All five alleles were identified in the
tested rams. The ARR allele was the most prominent (61.78%), which is advantageous for
susceptibility to scrapie, followed by the ARQ allele with 35.16%, the AHQ allele 2.62%,
and the VRQ allele with 0.22%. There were no ARH alleles listed. For the alleles, it was
observed that the frequencies of the ARR allele and the ARQ allele shifted in a favourable
direction for susceptibility. In 2004, the frequency of the ARR allele was 28.91%, which had
increased to 61.78%, and the ARQ allele was 65.63% and, in this study, was 35.16%.

In the rams tested (n = 2917) in the analysed period (2019–2023), 10 genotypes were
observed from the overall 15. The ARR/ARR and ARR/ARQ genotypes were both present
in 40% of the population. The ARQ/ARQ was present in 14.74% which was a decrease
from previous years. As in previous years, there were no AHQ/ARH, ARH/VRQ, and
homozygote VRQ/VRQ allele.

Most individuals were in the R1 (40.18%) and R2 (42.92%) risk groups. Individuals
belonging to group R3 occurred in 16.46% of the samples tested. There were eight rams
(0.27%) in the R4 and five (0.17%) in the R5 risk groups. The proportion of the R3 group
decreased compared to previous years, while the proportion of the R1 group increased.
This is advantageous in terms of the susceptibility of the variety to scrapie.

Based on the Chi2-test, there were statistically significant deviations in the alleles
(p = 0.013), the genotypes (p = 0.001), and the risk groups (p = 0.015) between our results
and those previously published.

3.3. The Transylvanian Racka Sheep

The scrapie data for the Transylvanian Racka are presented in Table 3. For this breed,
the ARR allele was the most frequent (75.92%), followed by the ARQ allele (20.03%). The
AHQ and VRQ alleles occurred at a frequency of 1.7%, while the ARH allele was present
at 0.65%. The frequency of ARR and ARQ alleles changed similarly to the Tsigai breed
compared to 2004, with a significant increase in the proportion of the ARR allele. Significant
differences were observed in allele frequencies when compared to the 2004 (p = 0.038) and
2013–2015 (p = 0.011) analyses.

The examinations were carried out between 2019 and 2023 for 619 individuals. Out
of the 15 possible genotypes, 9 were observed. Significant differences were observed
compared to previous years, with p = 0.042 relative to 2004, and p = 0.003 relative to the
2013–2015 period used as a control.

Among the genotypes, ARR/ARR was the most common, occurring in 368 (59.45%)
individuals, followed by ARR/ARQ (168 individuals, 27.14%). Similar to previous years,
the homozygous genotypes AHQ/AHQ, ARH/ARH, ARH/VRQ, and VRQ/VRQ were not
observed in this population. We also found that the proportion of ARR/ARR homozygous
genotypes has changed in a positive direction from 5.26% in 2004 to 59.45%, while the
ARQ/ARQ prevalence has decreased from 47.38% to 5.33%.

In the case of risk groups, the most favourable R1 category occurred in the highest
proportion with 59.45%, followed by R2 in 30.69%. R3 occurred in 6.46%. Adverse R4 and
R5 individuals were detected at 2.27% and 1.13%, respectively. Previously, R2 and R3 were
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more common, but now this has changed positively, with R1 and R2 individuals becoming
more prevalent.

3.4. Hungarian Racka Sheep, White Colour Variant

The results obtained with prion haplo- and genotypes of white-coloured Hungar-
ian Racka Sheep are shown in Table 3. Between 2019 and 2023, 1827 male individuals
were examined.

The ARR allele was present in 45.46% of cases, followed by the ARQ allele, which was
the second most common at 25.04%, and AHQ was third with a prevalence of 18.39%. Com-
pared to previous years, the proportion of ARR alleles increased considerably compared to
2004 (from 23.93% to 45.46%), while the ARQ allele decreased (from 42.5% to 25.04%).

In this variety, of the 15 genotypes, only the VRQ/VRQ homozygous genotype was
not detected. Based on the Chi2-test, significant differences were observed in the genotypes
compared to the two previous study periods (2013–2015: p < 0.001). ARR/ARR was
found in 399 (21.83%) individuals, ARR/ARQ in 400 (21.89%), followed by ARR/AHQ
with 294 (16.09%) individuals, ARR/ARH, AHQ/ARQ, and ARQ/ARQ with 140 (7.77%)
individuals. The ARR/ARR ratio has increased considerably since 2004, from 5% to 21.83%,
while the percentage of ARQ/ARQ individuals showed a decrease.

Regarding the risk groups, R2 was the most common, occurring in 46.14% of indi-
viduals, followed by R3 and then R1. R4 and R5 occurred in nearly equal proportions
(approximately 1.1%) during the 2019–2023 period.

Since the beginning of the examinations, the occurrence rate has changed somewhat:
the R1 category shows an increase, while R3–R5 have decreased significantly; however, R1
still only accounts for 21.8% of the breed.

3.5. The Hungarian Merino Sheep

Table 4 illustrates the prion haplo- and genotypes of the endangered Hungarian
Merino Sheep as well as the distribution of scrapie risk groups. From the examined breeds,
Hungarian Merino had the highest (82.93%) ARR allele occurrence. After the ARR, the
second was the ARQ with 14.34%. The other three alleles were present in only 2.73% of the
tested sheep. The occurrence of the ARR allele increased significantly compared to both
2004 and 2013–2015. This fact is highly favourable in terms of resistance. The ARQ allele
significantly decreased.

Twelve of the fifteen possible genotypes were identified. There are statistically signifi-
cant deviations compared to both 2004 (p = 0.003) and 2013–2015 (p = 0.001). The sample
size was 7928 individuals, of which 5453 rams (68.78%) had the ARR/ARR genotype, and
1900 sheep (23.97%) had the ARR/ARQ genotype. Compared to the results of 2004, the
most favoured genotype increased. At that time, ARR/ARQ (40.89%) homozygous rams
were the most common. The most sensitive ARH/VRQ and VRQ/VRQ genotypes were
not detected in the ram population like in the previous years.

From the examined breeds, Hungarian Merino had the most favourable distribution
of risk groups in relation to scrapie resistance, because the R1 was 68.8%, and the R2 risk
group was 28.1%. Moreover, there was only one individual in Risk Group 5. Based on the
Chi2-test, there were statistically significant deviations compared to 2004 (p = 0.023) and
2013–2015 (p = 0.009). The ratio of R1 individuals increased threefold, while the other risk
groups showed a large decrease.

3.6. Hungarian Racka Sheep, Black Colour Variant

Table 3 presents the prion haplo- and genotypes of black-coloured Hungarian Racka
Sheep as well as the distribution of scrapie risk groups. Like Tsigai, Dairy Tsigai, and the
white-coloured Hungarian Racka, the most common alleles are the ARR (42.9%) and the
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ARQ (37.77%). We found that the ratio of the ARR allele within the herd is constantly
increasing, while the ratio of the ARH and VRQ alleles decreased since the beginning of
the tests.

Results from 1782 individuals were evaluated. There were 14 from the 15 possible
genotypes. The most common was the ARR/ARQ genotype with 35.04%, the next was
ARR/ARR (containing 60 rams (17.62%), and the third one was ARQ/ARQ with 15.43%.
Based on the Chi2-test, there were statistically significant deviations compared to both 2004
(p = 0.021) and 2013–2015 (p = 0.001). The homozygous VRQ/VRQ allele was not detectable.
In the last period, the percentage of ARR/ARR and the ARR/ARQ alleles increased. The
R4 and R5 groups were only 1–1.5%. The proportion of R1 and R2 individuals shows an
increasing trend, which will hopefully continue in the upcoming period.

3.7. The Dairy Tsigai Sheep

The prion haplo- and genotypes of Dairy Tsigai Sheep, as well as the distribution of
scrapie risk groups, are summarised in Table 4. In the examined period, there were only

246 rams with test results, fewer than the 826 examinations carried out in the period
between 2013 and 2015.

The ARQ allele was found in 47.76% and the ARR allele in 42.48% of the samples
tested. The AHQ was only at 0.2%. Currently, the ARQ allele is still the most common,
but since the start of the studies, the proportion of ARR alleles has increased, which is
favourable for resistance.

There were 9 from the 15 possible genotypes, the greatest percentage of which was the
ARR/ARQ genotype with 92 individuals (37.4%), followed by ARQ/ARQ with 60 rams
(24.39%), and the third one was the ARR/ARR with 47 rams (19.11%). The homozygous
VRQ/VRQ allele was not detectable. There are statistically significant deviations (p < 0.001)
compared to 2004 and 2013–2015 as well. The occurrence rate of the homozygous ARR/ARR
genotype increased compared to previous years. The AHQ/AHQ allele was still not present
in the examined subpopulation.

The highest rate of change was in the R2 (44.31%) and the R3 (32.11%) risk groups, but
the R1 group was moderately high (19.11%) too. The R4 (2.44%) and the R5 (2.03) groups
were under 3%. For all the study periods, the R2 and R3 were the most relevant. The
proportion of R1 showed an increase, but it remains very low within the population.

4. Discussion
Our study confirmed that the examined Hungarian sheep breeds exhibit different

levels of genetic susceptibility to scrapie. Eradication programmes have significantly
increased the proportion of resistant sheep, especially in intensive breeds [39]. Maintenance
of genetic diversity is important for indigenous breeds; however, during selection, care
must be taken to maintain the production of the breeds too. Their meat and milk are
ingredients which form one of the foundations of the local identity [40,41].

Our work confirmed that Hungarian sheep breeds exhibit varying degrees of genetic
susceptibility to scrapie. One of the reasons for the difference between the breeds may be
the different sample size. The analyses did not confirm the effect of the number of breeding
flocks on the evolution of risk groups. In the case of dairy Tsigai sheep (n = 246), there are
currently only 4 breeders, yet a more significant improvement has occurred compared to
the Cikta breed, which was examined with a larger number of individuals (n = 551) and
has 15 breeding flocks. The value increased from 1.45% to 3.27%.

We found that there was a significant improvement in the reduction in scrapie suscep-
tibility for all breeds except the Cikta. The Hungarian Merino is in the most advantageous
status, as 68.8% of the tested rams in this breed belonged to the lowest (R1) risk group. The



Agriculture 2025, 15, 880 11 of 16

next is the Transylvanian Racka with 59.45%, and the Tsigai with 40.18%; the other breeds
are under 20%. The most unfavourable results in terms of susceptibility were obtained with
the Cikta sheep; only 3.27% of the individuals were in the R1 risk group. This result had
not improved significantly compared to the previous studies.

Since the start of the eradication programme, the following changes have occurred
for the analysed Hungarian breeds. The most significant improvement in native breeds in
susceptibility to scrapie occurred in the Transylvanian Racka breed. The proportion of the
R1 category was 5.26% at the start of the studies, while 59.45% of the ram population is
now in this category. This is a huge positive increase. Regarding Tsigai in 2004, 3.13% of
individuals belonged to the R1 group, while 40.18% of rams belonged to the R1 group in the
period 2019–2023. The other three breeds increased between 12 and 17%. The Hungarian
Racka was 5% in 2004 in the black and white colour too; the black increased to 17.62%, and
the white to 21.98%. The endangered Hungarian Merino had showed an increase in the
proportion of animals in the lowest risk group, increasing from 21.11% to 68.78%.

The Dairy Tsigai population has increased by 11.72% since 2013–2015. During this
period, 7.39% of individuals belonged to the R1 risk group, which has now risen to 19.11%.

The R2 risk group was the biggest (around 40–50%) in every breed except the Hungar-
ian Merino and Cikta. Increasing the proportion of R1 individuals in these breeds and in
this case by large amounts would lead to a higher inbreeding coefficient. Because of the fact
that Cikta is indigenous and inbreeding could result in lower genetic diversity, selective
breeding is not recommended.

Despite the results, these Hungarian breeds are do not rank among the most at risk. In
a Canadian study from 2014, 15% of individuals in a very small sheep population had the
VRQ allele [42]. Scrapie is an existing threat. In the EU27 and the UK (Northern Ireland),
there were 284686 tests conducted in sheep and 538 scrapie cases were reported in 2023. A
total of 462 of these were typical and 70 atypical.

Typical scrapie was reported by four member states, including Romania, which is a
neighbouring country of Hungary. The atypical version was reported by 12 member states,
including Hungary and neighbouring Austria and Slovenia [36].

The EU is continuously monitoring the prion protein disease in sheep and goats. Data
published by EFSA show that the number of scrapie cases has decreased significantly
over the last 10 years. While in 2013 there were still around 3000 cases of scrapie in small
ruminants, by 2023 this number had dropped to a fraction of that [37].

We compared the results of the local Hungarian breeds analysed by us from 2019 to
2023 with the scrapie testing data of intensive breeds raised in Hungary. We observed that
the proportion of the ARR allele was significantly higher in the more intensive breeds. The
highest frequencies of the ARR allele were observed in the following breeds: Hampshire
(ARR: 97.5%), Bleu du Maine (ARR: 97.4%), English Suffolk (95.9%), Ile de France and Texel
(95.1%), and Berrichon du Cher (ARR: 95%) [30].

A 2023 study examined the susceptibility of Awassi sheep to scrapie in three regions
(Palestine, Saudi Arabia, and Turkey) using blood samples. There were 50 animals in each
group. Comparing this, it can be concluded that for the majority of Hungarian examined
sheep breeds (except for the black variant of the Hungarian Racka), better results were
observed compared to the three regions. In Turkey, the ARQ/ARQ genotype was the most
common among the examined sheep, like the Hungarian indigenous Cikta breed. In the
Palestinian Authority and Saudi Arabia, the ARQ/ARH allele occurred in the highest
proportion. In Saudi Arabia, not a single individual belonged to the R1 category and the
R2 and R3 categories were the most common. The R5 category was present only in Turkey
at 2% [43]. The Hungarian native and endangered breeds show more promising results.
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In Italy, 12 local Italian sheep breeds (Juraschaf, Tiroler Steinschaf, Tiroler Bergschaf,
Plezzana, Schnalser Bergschaf, Schwarzbraunes Bergschaf, Villnoesser Brillenschaf, Al-
pagota, Brogna, Foza, Lamon, and Carsolina) were compared based on risk groups and
genotypes. The proportion of the ARR/ARR genotype was most favourable in the case of
Lamon and Carsolina, ranging between 11–14%. The proportion of R2 and R3 risk groups
was more than 75% for all breeds. Overall, the local Hungarian breeds, apart from Cikta,
are in a more advantageous position than the local Italian breeds, which is also reflected in
the prevalence of the R1 category. In the case of Tiroler Bergschaf and Plezzana breeds, the
R4 risk group was absent, similar to the Cikta breed in Hungary. However, for the other
breeds, this proportion was similar to that of the Hungarian breeds [44].

A 2022 Irish study analysed the scrapie test results of Belclare, Charollais, Suffolk,
Texel, Vendeen, and crossbred sheep. The lowest occurrence rate of the R1 risk group was
observed in the Texel breed (44.7%), which is worse than in the indigenous Transylvanian
Racka (59.45%) and the Hungarian Merino. The best results were observed in the Suffolk
(85.93%), Charollais (81.08%), and Vendeen (75.58%) breeds. A total of 69.58% of the
Belclare breed individuals and 62.64% of the crossbred sheep could be classified into this
category. Based on that, most breeds examined in Ireland were in a significantly better
position regarding susceptibility to scrapie. However, it can also be noted that the R1
group occurred at approximately the same rate (69%) in the Belclare and the endangered
Hungarian Merino breeds. Similar to the 2019–2023 period we analysed, the VRQ/VRQ
genotype did not occur in purebred individuals in Ireland. Additionally, we can conclude
that the ARR/ARQ genotype occurred at a higher rate in the breeds we examined compared
to the Irish study. In this study, it was also found that ewes with the ARH/VRQ allele were
3.79 kg heavier than other genotypes [3].

From a breeding point of view, it is important to note that if a breed is small, it should
not be selected as much as in the case of breeds with a larger number of individuals. We
may see an improvement in the prevalence of risk groups, but we may also see a higher
level of inbreeding. The conservation of genetic variability is of particular importance
in the case of the indigenous Hungarian sheep breeds under national protection that we
have analysed, and in the case of the endangered Hungarian merino, because of the small
population size.

5. Conclusions
Scrapie eradication is important to increase the proportion of more resistant genotypes

and reduce the proportion of susceptible genotypes in all breeds. It is critical to increase
the proportion of scrapie-resistant genotypes within the Hungarian sheep population to
eradicate this highly infectious and fatal disease.

The results from this study confirm that scrapie-resistant genotypes have been en-
hanced; however, we do not know what other valuable traits (for example: milk yield,
growth production, fertility, and hardiness) may have been lost during the selection pro-
cess focused on this aspect. It would be important to implement additional molecular
genetic tests, beyond the mandatory scrapie screening for breeding rams, as prescribed
in the breeding program of the Hungarian Sheep and Goat Breeders’ Association. These
additional tests should be made compulsory within the breeding program framework.

At the moment, we do not yet know what other traits of importance for production
and breeding will be lost by selecting for more favourable scrapie risk groups. It would also
be important to examine correlations between, for example, birth weight, daily body weight
gain, fat thickness, body composition, daily milk production, milk composition parameters,
number of lambs born, and scrapie risk groups, in order to obtain more accurate and
complex information for selecting our animals and implementing the breeding programme.
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Since the start of the examination, we have observed better results for all native varieties,
except for the zikta variety and including the endangered Hungarian merino, in the 2019–
2023 survey period than in 2004.

Given that the breeds under study are native and/or endangered, their selection
requires careful professional work with a breeding approach focused on gene conservation.
The breeding programme in Hungary allows the use of individuals from the R1-R2-R3 risk
groups. It is important to emphasise that the R3 ram is just as valuable to the population.
These individuals in the risk groups have been neglected for breeding in many cases over
the last decade, so it is important to not only emphasise their importance but also to breed
them in larger harems to maintain genetic balance.

Regarding scrapie, Hungary is a “low-risk” category country; however, it is still
important to follow the exemption program and apply a continuous monitoring system.
The means for this can be the further breeding of scrapie-resistant animals and brain
examination of a sufficient number of dead animals per year.

In the future, the reduction of the presence of the VRQ allele is essential, alongside
the further increase in the frequency of the ARR allele. It is also important to preserve the
genetic diversity of the local breeds while gradually reducing susceptibility.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/agriculture15080880/s1, Characteristics of the breeds. References [45–63]
are cited in the Supplementary Materials.
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