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Goats with aspartic acid or serine at codon 146 of the PRNP
gene remain scrapie-negative after lifetime exposure in affected
herds in Cyprus
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SUMMARY

The results of the study reported here are part of an ongoing integrated research programme
aimed at producing additional, robust, evidence on the genetic resistance to classical scrapie in
goats, with particular reference to codon 146. The study targeted animals aged 56 years, which
were born and raised in infected herds and were being culled for management reasons. A total of
556 animals were tested, and all positive animals (n= 117) were of the susceptible NN genotype.
A total of 246 goats heterozygous or homozygous for putatively resistant alleles (S146 and D146)
were screened with no positive results. The outcome of this study supports the hypothesis that the
D146 and S146 alleles could be used as the basis for a nationwide strategy for breeding for
resistance in the Cypriot goat population.
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Transmissible spongiform encephalopathies (TSEs)
are fatal neurological diseases which can occur in a
range of species including humans [1]. The archetypal
form of TSE is classical scrapie in small ruminants,
which was first reported nearly 300 years ago.
Central to the disease process is the conversion of
the host cellular prion protein, PrP, into a disease-
specific isoform called PrPSc [2]. In small ruminants,
there are many polymorphisms in the gene encoding
for prion protein (the PRNP gene), which affect dis-
ease susceptibility, and this has been widely employed
as a disease control measure for classical scrapie
strains in sheep populations [3]. It has been proposed

that the polymorphic nature of the goat PRNP gene
could be similarly exploited, but this is made more
complicated by the greater geographical and
breed-related heterogeneity of goat genetics [4], and
the relative absence of data on the biological and geo-
graphical diversity of caprine scrapie strains that may
exist. Polymorphisms at codon 146 have been
reported to affect natural susceptibility to classical
scrapie in Cypriot goats. Specifically the presence of
asparagine (N) at codon 146 appears to be associated
with susceptibility, whereas its replacement with
aspartic acid (D) or serine (S) has shown association
with genetic resistance to classical scrapie in goats
[5–7]. The possibility of using the D146 and S146
alleles as a nationwide strategy for breeding for resist-
ance in the Cypriot goat population has been repeat-
edly described [6–8]. The objective of this study is to
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assess whether the risk of scrapie in non-NN goats
is different from that of NN goats under the same
natural conditions.

Healthy home-bred goats with at least one puta-
tively resistant allele (S or D) at codon 146, that had
been exposed to a scrapie-contaminated environment
for at least 6 years, were pre-selected from herds
which had had confirmed cases of caprine scrapie
since 2004 or earlier. A number of goats with the
N146N genotype, matched by age and herd, were
equally pre-selected as putative non-resistant. This
ensured that all pre-selected animals had been born
into an infected environment, and had remained in
such throughout their lifetime. Although it was not
possible to quantify precisely the level of exposure,
there is clear evidence that the scrapie agent can per-
sist for long periods in the environment [9–11].
When these pre-selected animals were culled for man-
agement reasons, at the end of their productive life,
testing was undertaken to look for any evidence of dis-
ease using the presence of PrPSc as a marker.

The genotyping of whole herds and the identifica-
tion of the genotype of pre-selected goats encouraged
herd owners to voluntarily extend the productive life-
span of any S and/or D allele-carrying goats in order
to increase their capacity to breed for presumptive re-
sistance within their herds. As a result, it was difficult
to sample a sufficient number of goats carrying those
alleles and those with the matching criteria (N146N)
in some of the recruited herds.

Tissue samples were collected post-mortem from a
total of 246 putative resistant and 310 putative non-
resistant goats aged between 6 and 13 years, from 39

herds, covering all districts where the disease is pres-
ent, over the period August 2009 to October 2013.

Fresh brainstem was tested using the BioRad
TeSeE ELISA (Bio-Rad, USA), according to the
manufacturer’s instructions. Previous studies in
which parallel testing was undertaken in goats indi-
cated that brainstem ELISA alone is not very sensitive
for detecting infected animals. Consequently, brain-
stem at the level of the obex, and retropharyngeal
lymph node were also sampled into 10% formal saline,
processed into wax and screened by immunohisto-
chemistry (IHC) using the anti-PrP monoclonal anti-
body 2G11 (ABDSerotec) as described in detail
elsewhere [12]. In a parallel study it was established,
using intracerebrally challenged animals ([13];
S. Georgiadou & M. M. Simmons, unpublished
data), that IHC using this antibody can detect positive
cases in animals polymorphic at codon 146.

An animal was considered infected if it was positive
in either tissue by either of the tests conducted.

Of the 556 goats with results available from both
IHC (obex and retropharyngeal lymph node) and
the rapid test, 117 animals (all N146N genotype)
were positive by at least one of them. This represented
37·7% of all the NN animals tested. Eighteen (46·1%)
out of the 39 herds participating in the study had posi-
tive cases among the pre-selected goats for the study
with a median prevalence of 20·2% [interquartile
range (IQR)Q1-Q3 10·8–37·8%]. However the sampling
at herd level was very variable during the period of the
cull (median 7, IQRQ1-Q3 2–22) and the level of detec-
tion was very much dependent on the number of goats
sampled in each herd.

Table 1. Number of goats tested by age, and genotype at codon 146

Genotype

NN

Age (years) No. n tested (% pos.) ND* NS* SD* DD* SS* Total

6 52 20 (38·5) 26 23 1 4 106
7 76 28 (36·8) 36 15 2 1 130
8 71 32 (45) 31 25 2 1 130
9 59 20 (35) 19 22 1 1 102
10 33 12 (36·4) 14 6 4 57
11 11 3 (27·3) 3 4 18
12 7 2 (28·6) 3 1 11
13 1 0 1 2
Total 310 117 (37·7) 133 96 4 10 3 556

* All animals of this genotype tested negative.
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A total of 114 goats were positive by IHC.
Eighty-eight (77·2%) of these were positive in both
the brainstem and retropharyngeal lymph node, with
six (5·3%) being positive only in the brainstem and
the remaining 20 (17·5%) animals IHC positive only
in the retropharyngeal lymph node. Fifty-eight
(61·7%) of the goats positive by IHC in the brainstem
were also positive by ELISA. A further three cases
were positive only in the ELISA test, and could not
be confirmed by IHC. The risk difference when com-
paring the two groups of interest was equal to 37·7%
(95% confidence interval 32·3–43·1), with the prob-
ability of the risk difference being zero (null hypoth-
esis) lower than 5% (P < 0·001) [package ‘fmsb’, R
Development Core Team (http://www.R-project.org].
The overall results (the total numbers of tested and
positive goats by age and genotype) are given in
Table 1.

The results of this study confirm and extend those
of previous studies that have shown that the suscepti-
bility of Cypriot goats to scrapie in natural conditions
is associated mostly with the N146N genotype [5–7].
Although the objective of this study was to conduct
in parallel both the rapid and confirmatory tests to
maximize the detection ability of infected animals
and not test the test performance, the results are
aligned with the low ability of the rapid test to detect
positive cases to IHC as previously reported at the
herd [7, 8] and population [14] levels. They also fur-
ther strengthen the assertion that animals with at
least one aspartic acid (D) or serine (S) at codon 146
are resistant to classical scrapie, despite a lifetime nat-
ural exposure to the infective agent, and indicate that
the introduction of a breeding programme [3] using
codon 146 would have a substantial beneficial effect
on disease prevalence in Cyprus.

ACKNOWLEDGEMENTS

This study was partly funded by the Cypriot
Government and the European Commission through
the EU Reference Laboratory for TSEs. The authors
are grateful to the owners of the participating herds,
staff of the District Veterinary Offices, the
Histopathology and TSE laboratories of the Cypriot
Veterinary Services, and the staff of the Pathology
Department, APHA Weybridge for logistical and
technical support.

DECLARATION OF INTEREST

None.

REFERENCES

1. Manson JC, et al. The transmissible spongiform en-
cephalopathies: emerging and declining epidemics.
Biochemical Society Transactions 2006; 34: 1155–1158.

2. Soto C. Prion hypothesis: the end of the controversy?
Trends in Biochemical Sciences 2011; 36: 151–158.

3. EFSA BIOHAZ Panel (EFSA Panel on Biological
Hazards). Scientific Opinion on the scrapie situation
in the EU after 10 years of monitoring and control
in sheep and goats. EFSA Journal 2014; 12: 3781,
155 pp.

4. Vaccari G, et al. State-of-the-art review of goat TSE in
the European Union, with special emphasis on PRNP
genetics and epidemiology. Veterinary Research 2009;
40: 48.

5. Papasavva-Stylianou P, et al. Novel polymorphisms at
codons 146 and 151 in the prion protein gene of
Cyprus goats, and their association with natural scrapie.
Veterinary Journal 2007; 173: 459–462.

6. Papasavva-Stylianou P, et al. PrP gene polymorphisms
in Cyprus goats and their association with resistance
or susceptibility to natural scrapie. Veterinary Journal
2011; 187: 245–250.

7. Ortiz-Pelaez A, et al. Allelic variants at codon 146 in the
PRNP gene show significant differences in the risk for
natural scrapie in Cypriot goats. Epidemiology &
Infection 2015; 143: 1304–1310.

8. Gonzalez L, et al. High prevalence of scrapie in a dairy
goat herd: tissue distribution of disease-associated PrP
and effect of PRNP genotype and age. Veterinary
Research 2009; 40: 65.

9. Konold T, et al. Objects in contact with classical scrapie
sheep act as a reservoir for scrapie transmission.
Frontiers in Veterinary Science 2015; 2: 32.

10. Dexter G, et al. The evaluation of exposure risks for nat-
ural transmission of scrapie within an infected flock.
BMC Veterinary Research 2009; 5: 38.

11. Georgsson G, et al. Infectious agent of sheep scrapie
may persist in the environment for at least 16 years.
Journal of General Virology 87: 3737–3740.

12. Simmons MM, et al. Experimental transmission of
atypical scrapie to sheep. BMC Veterinary Research
2007; 3: 20.

13. European Food Safety Authority. Scientific and technical
assistance on the provisional results of the study on gen-
etic resistance to classical scrapie in goats in Cyprus.
EFSA Journal 2012; 10: 2972, 27 pp.

14. Corbiere F, et al. The limits of test-based scrapie
eradication programs in goats. PLoS ONE 2013; 8:
e54911.

328 S. Georgiadou and others

https://doi.org/10.1017/S0950268816002272 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268816002272

