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Abstract
Background: Following EU decision 2003/100/EC Member States have recently implemented sheep breeding 
programmes to reduce the prevalence of sheep with TSE susceptible prion genotypes. The present paper investigates 
the progress of the breeding programme in the Netherlands. The PrP genotype frequencies were monitored through 
time using two sets of random samples: one set covers the years 2005 to 2008 and is taken from national surveillance 
programme; the other is taken from 168 random sheep farms in 2007. The data reveal that although the level of 
compliance to the breeding programme has been high, the frequency of susceptible genotypes varies substantially 
between farms. The 168 sheep farms are a subset of 689 farms participating in a postal survey inquiring about 
management and breeding strategies. This survey aimed to identify how much these strategies varied between farms, 
in order to inform assessment of the expected future progress towards eradication of classical scrapie.

Results: On the one hand, we found that compliance to the national breeding program has been high, and the 
frequency of resistant genotypes is expected to increase further in the next few years. On the other hand, we observed 
a large variation in prevalence of the scrapie resistant PrP genotype ARR between farms, implicating a large variation of 
genetic resistance between farms. Substantial between-flock differences in management and breeding strategies were 
found in the postal survey, suggesting considerable variation in risk of scrapie transmission between farms.

Conclusions: Our results show that although there has been a good progress in the breeding for scrapie resistance 
and the average farm-level scrapie susceptibility in the Netherlands has been significantly reduced, still a considerable 
proportion of farms contain high frequencies of susceptible genotypes in their sheep population. Since 2007 the 
breeding for genetic resistance is voluntarily again, and participation to selective breeding can decrease as a result of 
this. This, together with the patterns of direct and indirect contact between sheep farms, might present a challenge of 
the aim of scrapie eradication. Communication to sheep owners of the effect of the breeding programme thus far, and 
of the prospects for classical scrapie eradication in The Netherlands might be essential for obtaining useful levels of 
participation to the voluntary continuation of the breeding programme.

Background
Classical scrapie is a transmissible spongiform encephal-
opathy (TSE) in sheep and goats occurring world-wide,
from which the earliest described clinical cases date back
hundreds of years. The hereditary component in scrapie
was suspected for many years [1,2], and in the 1990s the
association of susceptibility to this prion disease with the
polymorphisms of the ovine PrP gene was elucidated [3-
8]. Genetic resistance to classical scrapie is associated
with polymorphisms at three sites on the PrP gene (i.e. at

codons 136, 154 and 171). These polymorphisms com-
bine to produce five different alleles of the PrP gene:
"ARR", "ARQ", "ARH", "AHQ" and "VRQ"[3]. In most
breeds, animals carrying the VRQ allele are at greatest
risk [9] and if the VRQ allele is not present ARQ-
homozygous animals are at greatest risk [10]. ARR-
homozygous and ARR-heterozygous animals, with excep-
tion of ARR/VRQ animals, have a significantly reduced
risk of developing scrapie as compared to animals of
other genotypes [11-13]. This implies the possibility to
select animals with scrapie resistant genotypes for breed-
ing.

From 2002, due to the risk to human health posed by
the potential presence of BSE in sheep, an increase of the
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number of scrapie surveillance samples to be genotyped
was implemented by the EU. In 2003, as a result of EU
decision 2003/100/EC, this was followed by setting up
breeding programmes to reduce the incidence of suscep-
tible PrP genotypes from that year onwards [14]. The aim
of the EU decision was to improve sheep resistance to
both scrapie and BSE, and this could be achieved by
selecting for the same resistant ARR allele. The ideal
result would be obtaining a major reduction of human
exposure risk to both BSE and scrapie, as well as control
of the animal health problem posed by scrapie in sheep
[15].

In the Netherlands a more stringent breeding pro-
gramme was implemented compared to most other EU
countries in 2004. Here selection for scrapie resistance
already started in the 1990s on a voluntary basis. Mainly
the larger purebred sheep breeds took part in this breed-
ing programme [16]. In 2004 all Dutch sheep flocks con-
sisting of more than 10 ewes were obliged to use a ram
with the ARR/ARR genotype, whereas EU decision 2003/
100/EC [14] only required a breeding programme for
purebred sheep flocks of high genetic merit, and this was
still voluntary until 1 April 2005. In 2005 all Dutch sheep
flocks were obliged to use rams with the ARR/ARR geno-
type. The feasibility of this programme was ensured by
the early voluntary start of breeding for scrapie resistance
in purebred sheep in the Netherlands, which provided for
enough breeding rams with the ARR/ARR genotype in
2004 and 2005. The obligatory programme was in force
until June 2007, after which selection for scrapie resis-
tance became voluntary again.

The ultimate aim of a national breeding programme is
eradication of scrapie through a reduction of the repro-
duction ratio of the disease (R0) below 1. This can be
achieved with a ARR allele frequency below 100%, pre-
venting loss of all variation in the PrP gene. The fre-
quency at which R0 <1 occurs depends on the distribution
of scrapie resistance over flocks, and on the contact
structure between flocks and farms. A uneven distribu-
tion of the overall scrapie resistance over farms may
result in some highly susceptible flocks, despite low over-
all levels of susceptible genotypes. In addition, if some
farms have much more contacts with other sheep farms
than others, they run a higher risk of acquiring scrapie
infection and of infecting contact farms. These heteroge-
neities may promote scrapie persistence especially in the
scenario that farms with high-contact-rate are relatively
likely to also have low scrapie resistance. The aim of this
paper is two-fold. The first objective is to assess variation
in prevalence of the resistant PrP gene ARR and the com-
pliance to the breeding programme at the farm level. For
this purpose we used the genotyping results from the 168
farms sampled in 2007 (further indicated as the Genotyp-
ing Survey Farms or GSF). We compared the genotype

frequencies of the GSF sample with an independent
genotyping sample from the statutory active scrapie sur-
veillance of healthy slaughtered sheep and fallen stock,
which was taken between 2005 and 2008 (further indi-
cated as the National Surveillance Sample or NSS). This
enabled us to assess possible biases and to draw conclu-
sions on the progress of selective breeding on a national
level. The second objective is to obtain more insight in
the differences in management, breeding strategies and
contact profiles between sheep farms in the Netherlands,
and for this a questionnaire was used (689 farms, 2007,
further indicated as the Survey Farms, SF). The 168 GSF
were part of the SF.

Results
Management, breeding strategies and contact profiles 
across farms
The average farm size for both the GSF and the SF farms
was around 31 ewes per farm (see Table 1). This is some-
what lower than the average number of ewes on sheep
farms in the Netherlands with more than 3 NGE (NGE is
the Dutch equivalent of the European Size Units, ESU),
which was approximately 40 in 2007 (Statistics Nether-
lands, http://www.cbs.nl). The difference between these
average numbers express the fact that the Netherlands
contains quite a large number of very small sheep flocks
owned by non-professional sheep farmers.

The majority of sheep from the GSF and the SF belong
either to the Texel breed or to the related Swifter breed
(originating from - Texel × Vlaming). More than 80% of
sheep are Texel, Swifter or crossbreeds with these breeds
(Table 1). Almost 50% of farms use more than one breed,
and 12% use 3 or more breeds.

Almost 85% of the farms in the GSF, stated that they
still selected a scrapie resistant ram for breeding, and this
was somewhat higher compared to the rest of the survey
i.e. SF minus GSF (68%, see Table 1).

The majority of sheep farmers buy one new breeding
ram every year or every other year (70 - 80%), and less
than 10% buy more than one ram per year, which is in
good agreement with the distribution of flock sizes in the
Netherlands, and the amount of ewes which can be cov-
ered with one ram. It is known that farmers with few
sheep often borrow a ram for breeding, or bring their
ewes to the ram a few weeks, therefore not buying a ram
does not exclude ram-mediated contact with other farms.
Less than 1% of flocks are not bred.

Only 20% of sheep farmers state that they purchase
ewes on a yearly basis. The difference between the trad-
ing volumes of male and female animals is considered
important, since trading females might present a greater
risk as lambing is generally considered to be a significant
event for transmission of scrapie infections [17-19].

http://www.cbs.nl
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Table 1: Results from the postal survey.

GSF sample SF sample

(n = 168)* (n = 689)

Ewes per farm

Mean 31.7 31.1

St. dev 56.7 48.6

Presence of breeds**

Texelaar 56.6% 55.8%

Swifter 29.8% 34.0%

Zwartbles 16.0% 12.5%

Bleu de Maine 8.9% 3.3%

Blauwe Texelaar 7.1% 3.9%

Minor breeds 30.4% 38.3%

No. breeds per farm

1 53.4% 49.6%

2 34.5% 39.5%

3 10.1% 8.7%

> 3 2.0% 2.3%

ARR/ARR selection ram *

All breeds 84.9% 68.3%

Texelaar 89.9% 71.2%

Swifter 91.5% 76.4%

Zwartbles 81.5% 58.1%

Bleu de Maine 85.7% 76.5%
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Between 30 and 40% of sheep are grazing at other
farms, however less than 10% comes into direct (nose to
nose) or indirect (faecal) contact with other sheep. These
outcomes are in line with the proportion of farms (7 - 9%)
which receive sheep from other farms for grazing at their
premises.

PrP frequencies in samples from Genotyping Survey Farms, 
and the National Surveillance Sample
The genotyping results from the GSF shows an increase
in ARR allele frequency from around 40% for female
sheep born in or before 2001, to more than 70% for
females born in 2007 (see Figure 1). The increase in ARR
frequency from 2002 can be assumed to be a result of vol-
untary selection, the larger increase for sheep born in
2005 is related to the implementation of the compulsory
breeding programme. The average PrP allele frequencies
in the GSF sample from 2007 are 58.4% ARR, 22.7% ARQ,

10.5% ARH, 3.2% AHQ and 4.4% VRQ (data not shown).
The ARR allele frequency in the birth cohorts is increas-
ing significantly (Chi-square test, P < 0.0001) from cohort
-1999 to 2007.

The genotype frequencies in the 2006 and 2007 birth
cohorts on each farm sample can be used to study the
compliance with the compulsory use of scrapie resistant
rams in 2005 and 2006. The use of these ARR/ARR rams
will result in offspring with at least one ARR allele, the
presence of offspring without ARR allele proves non-
compliance. To quantify non-compliance we have there-
fore in Table 2 counted the number of animals without
ARR allele in different birth cohorts (within the GSF sam-
ple), as well as, by birth cohort, the number of farms with
at least one animal without ARR allel in that birth cohort.
Here the birth cohorts up until 2003, before ram selection
became compulsory, are grouped together. Based on the

Blauwe Texelaar 92.3% 85.0%

Minor breeds 72.9% 55.9%

* The 168 farms sampled for genotyping (GSF) were part of the postal survey.
** Because farms may contain animals of more than one breed (see No. breeds per farm), these percentages of breeds do not add up to 100%.
Survey results on farm sizes, breeds used and application of selective breeding. Farms in the genotyped group (GSF) are compared to the rest 
of the survey (SF minus GSF) as a reference group.

Table 1: Results from the postal survey. (Continued)

Figure 1 Farm survey PrP allele frequencies. Mean PrP allele frequencies of all sheep from the 168 farms sampled in this study divided by birth 
cohort.
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results for the 2006 and 2007 cohorts we conclude that
the compliance in 2005 and 2006 was around 80%.

In the NSS sample, we find an increase in ARR allele
frequency, from less than 38% in 2005 to 55% in 2008.
The increase in ARR allele frequency in the NSS is lag-
ging behind the farm sample due to the fact that the NSS
sample consists of animals with higher average age, as the
national surveillance contains slaughtered and fallen
sheep over 18 month's of age. We are able to align the two
samples by excluding the consecutive birth cohorts from
the GSF sample which are not part of the NSS sample,
and repeat this for all four years of the NSS sample (see
Figure 2). In this way we are able to visualize that,
although the samples are obviously from different sheep
populations, the ARR allele prevalence is increasing in
both populations, and at the same time the prevalence of
sheep without ARR allele is decreasing.

PrP frequencies across surveyed farms
ARR allele frequencies varies between farms from 0 to
100% (Figure 3), while the overall frequency was 58%. The
variability is largest in the farms with less than 10 ewes. In
farms were more than 25 ewes were typed the ARR fre-
quency varies from 18.6 to 76.2%. The observed heterozy-
gosity varies from 25.7 to 88.6% in these farms, while the
calculated expected heterozygosity ranges between 32.5
and 71.2%. Observed heterozygosities are always higher
than expected, except for the farms with the lowest ARR
frequency and lowest heterozygosity.

The excess of heterozygotes translates into a FIS value
of -0.254, the most likely explanation being ongoing
selection for ARR alleles. The differences between farms
results in a FST value of 0.096, indicating that differences
in allele frequencies between farms are larger than
expected by chance.

Discussion
Due to the strong linkage of PrP genotype at codons 136,
154 and 171 with the susceptibility to classical scrapie in
sheep, classical scrapie is a unique infectious disease for
which disease control may be reached relatively easy
through selective breeding. Initially implementation of
the EU decision 2003/100/EC [14] for resistant PrP geno-
types was motivated by the potential presence of BSE in
sheep. By now, better economic results from scrapie free
flocks and better animal health as purposes of scrapie
eradication are receiving more emphasis in discussions in
the Netherlands.

Participation in the Dutch breeding programme which
became compulsory in 2004, was made voluntary again in
2007. As a result, breeding with scrapie resistant ARR/
ARR rams is now, although still recommended by sector
organizations, not legally compulsory anymore for flocks
which are not of high genetic merit. The results of the
selection for scrapie resistance in the Netherlands are
good with a significant decrease in scrapie incidence in
the last four years [20]. However, only if a positive case of
scrapie is found through the active surveillance system,
which is still in place by EU regulations, a sheep farmer
may face the financial consequences if genotyping results
of his flock shows he has not implemented a breeding
programme for scrapie resistance.

Our genotyping survey (GSF) aimed to measure the
genotype frequency distribution of the resistant ARR
allele in the population of non-studbook ewes, which
produces 90% of lambs each year. In the broader general
survey (SF) we inquired about management practices,
and invited farmers to participate in the genotyping sur-
vey (GSF). Both the voluntary character of participation
and the response rate imply that the results are not a ran-

Table 2: Compliance to the breeding programme *.

Birth cohorts in GSF sample

1999 - 2003 2004 2005 2006 2007

Farms

Number (%) 95/128 (74.2) 54/110 (49.1) 40/127 (31.5) 21/121 (17.4) 21/145 (14.5)

Animals

Number (%) 268/742 (36.1) 115/437 (26.3) 74/618 (12.0) 36/628 (6.1) 53/887 (6.0)

* The use of ARR/ARR rams in the Dutch breeding programme in GSF sample, compulsory in 2004 (for farms > 10 ewes) and 2005 (all farms).
Presence of animals without ARR allele in different birth cohorts in the GSF sample, measured in the number of farms with at least one animal 
without ARR allel in the given birth cohort(s), and measured in the number of animals without ARR allele in the given birth cohort(s) across 
all farms sampled.
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dom sample of the Dutch population, and conclusions
should be drawn with caution.

The results of the survey show that (Table 1) in the
group of the GSF sample, the use of scrapie resistant rams
was higher than in the rest of the survey (SF minus GSF
sample). If breeders acquire their rams without requiring
a resistant genotype, the probability of acquiring a resis-
tant genotype depends on the source of acquisition. If the
ram is bought from a studbook breeder, from one of the
five main breeds (see Table 1) the chance of purchasing a
scrapie resistant ram is more than 95% (data not shown).
However if the ram is bought from a non-studbook
breeder, the chances of scrapie resistance are highly vari-
able (Figure 3).

With the current ARR allele frequency in the Nether-
lands being just over 55% in the female sheep population,
further progress towards more scrapie resistance will
require the continued use of scrapie resistant rams for
mating, especially in flocks of low resistance. To monitor
the progress towards more scrapie resistance in the
Dutch sheep, continued genotyping of a sample of the
active surveillance seems to be an easy and reliable way.
However, since we do not know the exact age of sheep
genotyped in the NSS, besides being over 18 months,
only substantial changes in the ARR allele frequencies
will be noticed. In the current situation, with highest ARR

allele frequencies in younger animals, and the mean ARR
frequency around 50%, it will be difficult to detect possi-
ble reduction in the growth of the ARR allele frequency in
the active surveillance samples in the next 2-3 years.

When aiming for eradication of scrapie, we should bear
in mind that the effect of breeding for genetic resistance
may need to be supported by a reduction in contacts
between farms that may cause transmission. This may be
of relevance especially given the current large variation in
genetic resistance at the flock level in the Netherlands
(Figure 3), which may lead to a protracted presence of a
small number of flocks in which scrapie can still easily
spread. The spread of scrapie from flock to flock is sup-
ported by direct contact, i.e. the purchase of infected ani-
mals, as well as by indirect contact, i.e. by grazing on
infected premises, as can be learned from previous
research [2,12,19,21,22]. The results from the postal sur-
vey on farm management show that nearly all farms regu-
larly purchase rams, and only 20% of farms frequently
purchase ewes. Given the high excretion of infectious
material during lambing [12,19], the risk of acquiring a
scrapie infection seems to be higher when a purchased
animal is a ewe than when it is a ram. The risk of trans-
mission of scrapie through grazing with other sheep
flocks, as is practiced by less than 10% of flocks under
Dutch circumstances is unclear. To understand the rela-

Figure 2 Alignment of GSF and NSS genotyping samples. The average ARR homozygote (ARR/ARR), heterozygote (ARR/X), and non-ARR (X/X) fre-
quencies in the NSS sample, which only contains animals over 18 months of age, was aligned with the GSF sample by exclusion of the birth cohorts 
which are not present in the NSS sample. In detail: the NSS of 2008 (of animals over 18 months) does not contain animals from the 2007 birth cohort; 
the NSS of 2007 does not contain animals from the 2006 and 2007 birth cohorts; etc. GSF '99-02: genotype frequencies of birth cohorts 1999 - 2002; 
GSF '99-03: genotype frequencies of birth cohorts 1999 - 2003; etc. NSS 2005: genotype frequencies of the National Surveillance Sample from 2005; 
NSS 2006: genotype frequencies of the National Surveillance Sample from 2006; etc.
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tive risk of different between-flock contact routes, further
studies should be performed.

Conclusions
The results from this study show that considerable prog-
ress has been made in breeding for scrapie resistance.
However both the large variation in scrapie resistance
between flocks, and the variation in the direct and indi-
rect contacts between flocks complicate scrapie eradica-
tion. These complicating factors, together with the
potential reduction in ARR ram selection after the legal
obligation was removed in 2007, call for continued moni-
toring of the effects of selective breeding in the coming
years. Communication to sheep owner of these effects,
and of the prospects for scrapie eradication in The Neth-
erlands might be essential to ensure good participation to
the voluntary continuation of the breeding programme.

Methods
Postal survey amongst Dutch sheep farms
In 2007 a random sample of 6000 sheep farms, which
were not part of the voluntary breeding programme (in
which mainly studbook flocks take part) of the national
Dutch Animal Health Service (GD, Gezondheidsdienst

voor Dieren, Deventer) was selected for a postal survey.
Management, breeding and contact with other farms
were surveyed, and the possibility of PrP genotyping was
offered. A total of 689 postal surveys were returned. The
survey inquired about the size of the flock in terms of
number of animals and hectares for grazing, housing and
the management surrounding lambing. Although most
farms do not participate in studbooks, the survey
inquired on the breeds present on these farms. Further-
more, the contact with sheep from other farms through
buying or selling of ewes or rams, through direct (nose to
nose) or indirect (faecal) contact with neighbouring
farms, or through grazing at other farms was investi-
gated. The survey also inquired whether a scrapie resis-
tant ram(s) was still used for breeding. This question was
relevant because the survey was conducted after with-
drawal of the rule for compulsory use of ARR/ARR rams
for breeding in the Netherlands.

PrP frequencies in samples from surveyed farms, and the 
national surveillance
From the 689 farms that completed the postal survey, 168
accepted the offer to genotype (part of ) their animals. A
maximum of 35 ewes were blood sampled per farm, and

Figure 3 Farm level PrP frequency variation. Scatterplot of the farm size, measured by the number of ewes against ARR allele frequency measured 
on the farm (n = 168).
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samples were taken proportionally per birth year cohort.
If farmers owned less than 35 ewes, a maximum of 5 rams
could be sampled too. Samples were sent to the Central
Veterinary Institute (CVI, Lelystad) for analysis of the
polymorphisms at the PrP gene codons 136, 154 and 171
through Taqman probe analysis. A total of 3314 sheep
were genotyped, including 3207 ewes born between 1995
and 2007.

Frequencies of PrP alleles from the farm survey were
compared with frequencies from a sample of the national
active surveillance programme. The latter data consisted
of random samples from both the healthy-slaughter and
the fallen-stock streams. These samples were taken from
2005 - 2008 thus providing information on the temporal
trend of the genotype frequencies at a national level [20].

PrP frequencies across surveyed farms
Frequencies of PrP alleles and genotypes were compared
across individual farms.

To test whether PrP alleles were randomly distributed
across farms and whether PrP alleles were randomly dis-
tributed across individuals within farms Wrights F-statis-
tics were estimated [23,24]. These F-statistics indicate
whether more (or less) heterozygotes occur than
expected under the Hardy Weinberg equilibrium. They
are based on three measures of heterozygosity: HT is the
expected heterozygosity based on the whole population,
Hs is the mean of the expected heterozygosities in each
subpopulation (in our case farm) and HI is the observed
frequencies of heterozygotes (I = for individuals). FST
summarizes whether allele frequencies diverge among
subpopulations and is calculated by Ht-Hs/Ht. Values > 0
indicate that farms differ in the frequencies of PrP alleles,
most likely because selection for scrapie resistance has
been different across farms. The FIS statistics summa-
rizes whether deviations within farms occur, and is calcu-
lated as Hs-Hi/Hs. If, for example selection is in
operation, negative values are expected (i.e. excess of
heterozygotes) if mating of relatives is practiced, positive
values are expected (i.e. lack of heterozygotes). To avoid
influence of sampling bias, only allele frequencies of
farms with more than 25 genotyped animals were used
for analysis.

Authors' contributions
MM participated in the design of the study and carried out the survey includ-
ing the analysis and interpretation of the data and drafted the manuscript. JW
participated in the design of the study and the interpretation of the data and
calculated the breeding statistics. TH participated in the design of the study
and the interpretation of the data. AB participated in design of the study and
supervised the genotyping study. AD participated in the collection of samples
and genotyping. FZ participated in the design of the study and the interpreta-
tion of the data. All authors read and approved the final manuscript.

Acknowledgements
We would like to thank Lourens Heres for initiating this project, and Reina van 
der Heide and Evelien Kern- van Nes for their excellent technical support. We 
would like to thank Piet Vellema and Lammert Moll for their kind cooperation 

and for fruitful discussions. This research project was financed by the Dutch 
Ministry of Agriculture, Nature and Food Quality (LNV).

Author Details
1Central Veterinary Institute of Wageningen UR, P.O. Box 65, 8200 AB Lelystad, 
the Netherlands and 2Animal Breeding and Genomics Centre, Wageningen UR, 
Livestock Research, P.O Box 65, 8200 AB Lelystad, the Netherlands

References
1. Draper GJ, Parry HB: Scrapie in sheep: the hereditary component in a 

high incidence environment.  Nature 1962, 195:670-672.
2. Hoinville LJ: A review of the epidemiology of scrapie in sheep.  Rev Sci 

Tech 1996, 15:827-852.
3. Belt PB, Muileman IH, Schreuder BE, Bos-de Ruijter J, Gielkens AL, Smits 

MA: Identification of five allelic variants of the sheep PrP gene and their 
association with natural scrapie.  J Gen Virol 1995, 76(Pt 3):509-517.

4. Clouscard C, Beaudry P, Elsen JM, Milan D, Dussaucy M, Bounneau C, 
Schelcher F, Chatelain J, Launay JM, Laplanche JL: Different allelic effects 
of the codons 136 and 171 of the prion protein gene in sheep with 
natural scrapie.  J Gen Virol 1995, 76(Pt 8):2097-2101.

5. Goldmann W, Hunter N, Benson G, Foster JD, Hope J: Different scrapie-
associated fibril proteins (PrP) are encoded by lines of sheep selected 
for different alleles of the Sip gene.  J Gen Virol 1991, 72(Pt 
10):2411-2417.

6. Hunter N, Foster JD, Dickinson AG, Hope J: Linkage of the gene for the 
scrapie-associated fibril protein (PrP) to the Sip gene in Cheviot sheep.  
Vet Rec 1989, 124:364-366.

7. Hunter N, Foster JD, Goldmann W, Stear MJ, Hope J, Bostock C: Natural 
scrapie in a closed flock of Cheviot sheep occurs only in specific PrP 
genotypes.  Arch Virol 1996, 141:809-824.

8. Hunter N, Foster JD, Hope J: Natural scrapie in British sheep: breeds, 
ages and PrP gene polymorphisms.  Vet Rec 1992, 130:389-392.

9. Hunter N: PrP genetics in sheep and the applications for scrapie and 
BSE.  Trends Microbiol 1997, 5:331-334.

10. Laegreid WW, Clawson ML, Heaton MP, Green BT, O'Rourke KI, Knowles 
DP: Scrapie resistance in ARQ sheep.  J Virol 2008, 82:10318-10320.

11. Baylis M, Chihota C, Stevenson E, Goldmann W, Smith A, Sivam K, Tongue 
S, Gravenor MB: Risk of scrapie in British sheep of different prion protein 
genotype.  J Gen Virol 2004, 85:2735-2740.

12. Elsen JM, Amigues Y, Schelcher F, Ducrocq V, Andreoletti O, Eychenne F, 
Khang JV, Poivey JP, Lantier F, Laplanche JL: Genetic susceptibility and 
transmission factors in scrapie: detailed analysis of an epidemic in a 
closed flock of Romanov.  Arch Virol 1999, 144:431-445.

13. Baylis M, Goldmann W: The genetics of scrapie in sheep and goats.  Curr 
Mol Med 2004, 4:385-396.

14. EU: Commission Decision of 13 February 2003 laying down minimum 
requirements for the establishment of breeding programmes for 
resistance to transmissible spongiform encephalopaties in sheep.  
Official Journal of the European Union 2003, 41:41-45.

15. EFSA: Opinion of the Scientific Panel on Biological Hazards on "the 
breeding programme for TSE resistance in sheep.  The EFSA Journal 
2006, 382:1-46.

16. Schreuder BE, van Keulen LJ, Smits MA, Langeveld JP, Stegeman JA: 
Control of scrapie eventually possible?  Vet Q 1997, 19:105-113.

17. Andreoletti O, Lacroux C, Chabert A, Monnereau L, Tabouret G, Lantier F, 
Berthon P, Eychenne F, Lafond-Benestad S, Elsen JM, Schelcher F: PrP(Sc) 
accumulation in placentas of ewes exposed to natural scrapie: 
influence of foetal PrP genotype and effect on ewe-to-lamb 
transmission.  J Gen Virol 2002, 83:2607-2616.

18. Konold T, Moore SJ, Bellworthy SJ, Simmons HA: Evidence of scrapie 
transmission via milk.  BMC Vet Res 2008, 4:14.

19. Diaz C, Vitezica ZG, Rupp R, Andreoletti O, Elsen JM: Polygenic variation 
and transmission factors involved in the resistance/susceptibility to 
scrapie in a Romanov flock.  J Gen Virol 2005, 86:849-857.

20. Hagenaars TJ, Melchior MB, Bossers A, Davidse A, Van Zijderveld F: Scrapie 
incidence in sheep of susceptible genotype is dropping in a 
population subject to breeding for resistance publication in 
preparation.  BMC Vet Res 2010.

Received: 9 December 2009 Accepted: 4 May 2010 
Published: 4 May 2010
This article is available from: http://www.biomedcentral.com/1746-6148/6/24© 2010 Melchior et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.BMC Veterinary Research 2010, 6:24

http://www.biomedcentral.com/1746-6148/6/24
http://creativecommons.org/licenses/by/2.0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=13887736
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9025137
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7897344
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7636494
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1681027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2566212
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8678828
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1351694
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9263413
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18632863
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15302967
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10226611
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15354869
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9323850
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12237445
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18397513
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15722548
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=20441587


Melchior et al. BMC Veterinary Research 2010, 6:24
http://www.biomedcentral.com/1746-6148/6/24

Page 9 of 9
21. Green DM, Del Rio Vilas VJ, Birch CP, Johnson J, Kiss IZ, McCarthy ND, Kao 
RR: Demographic risk factors for classical and atypical scrapie in Great 
Britain.  J Gen Virol 2007, 88:3486-3492.

22. Gubbins S: A modelling framework to describe the spread of scrapie 
between sheep flocks in Great Britain.  Prev Vet Med 2005, 67:143-156.

23. Wright S: Evolution in Mendelian Populations.  Genetics 1931, 16:97-159.
24. Hartl DL, CAG: Principles of population genetics 4th edition. Sunderland 

USA; 2007. 

doi: 10.1186/1746-6148-6-24
Cite this article as: Melchior et al., Eradication of scrapie with selective 
breeding: are we nearly there? BMC Veterinary Research 2010, 6:24

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18024920
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15737428
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17246615


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


