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Transmissible spongiform encephalopathies
(TSEs), also called prion diseases, are
unconventional diseases. The agent is not a

standard micro-organism, incubation periods can be
several years and the most characteristic pathology is 
the accumulation of the prion protein, PrP. TSEs are
endemic in domestic sheep (scrapie) and have been
naturally transmitted to cattle (bovine spongiform
encephalopathy, BSE) and experimentally transmitted to
laboratory rodents. In humans they occur sporadically as
Creutzfeldt–Jakob disease (CJD).

When BSE began to infect first hundreds and then
thousands of cattle in the UK, the question arose why
this new form of TSE had affected cattle to this extent,
but not other farmed species such as pigs. Why did
almost a hundred domestic cats develop a feline TSE, but
no dog was ever diagnosed with a TSE? Is there a method 
to predict the TSE susceptibility of any mammal,
whether domesticated or wildlife? Research into 
scrapie and CJD is helping us to answer these important
questions. Crucially, it is now known that the suscepti-
bility to disease and the long incubation periods are
under strong genetic control of the PrP gene.

PrP gene dependent susceptibility operates at two
levels. Primary susceptibility demands that the
organism produces the PrP protein. It was shown that
transgenic mice without functional PrP gene cannot
develop experimental disease and it is reasonable to
assume that this resistance would apply to scrapie and
other natural TSEs. Are there any mammalian species
that do not have a PrP gene? The answer is no for all 120
mammals of many genera that have been analysed so far.
Whether functional PrP protein is always present in the

relevant tissues is currently not known. Secondary
susceptibility stipulates that PrP protein has to have a
susceptible amino acid sequence. The PrP protein gene
contains about 255 codons. It is well conserved with
common motifs found in PrP of very divergent genera.
Amino acid variations are, however, common which
makes it difficult to predict changes relevant to TSEs.
Despite this, definitions of susceptible sequence motifs
have emerged.

Fortunately, sheep represent an excellent model for
studying the link between genetic control of disease 
and the many variants of the PrP gene (PrP alleles). 
More than 20 ruminant PrP alleles have been described;
several show major, some very subtle, effects on suscepti-
bility. They are almost all associated with single 
amino acid substitutions. For example, the amino acid
glutamine is encoded at codon 171 of sheep PrP and can
be linked to susceptibility. If however arginine is
encoded at position 171, as found in sheep, resistance is
conferred. Most importantly, this effect is dominant, so
that, i.e. heterozygous glutamine/arginine genotypes are
less susceptible than glutamine/glutamine genotypes.
Higher resistance of heterozygous PrP genotypes has 
also been shown for codon 129 in human TSEs. These
sequence positions and genotypes appear to be of
fundamental importance for assessing or predicting
susceptibility.

Having demonstrated in sheep that the amino acid at
codon 171 is crucial for the development of scrapie, it is
of great interest to analyse which other species are
polymorphic at or near to the 171 position. Arginine at
171 has not yet been found in wildlife, but significantly
humans encode a different amino acid in this position
(glutamic acid). Whether this is a result of genetic
selection, which makes us less susceptible but not quite
resistant to TSEs, remains to be investigated. The PrP
genetics in wildlife are mostly unknown as often only 
one or very few samples are analysed. From the few
available data it appears however that genetic variation 
of PrP in wildlife species is common. Keeping in mind
that heterozygosity in the PrP locus is advantageous 
with respect to TSEs, one may speculate that a lower
susceptibility is a consequence.

Many years ago it was proposed that the TSE agent is
ubiquitous, consequently every mammal may be
exposed to it, but only a few are susceptible to disease. If
this were the case we might expect to see the PrP gene
sequence evolved into a semi-resistant form, which
remains only susceptible to new strains of the TSE agent.
Most species may be genetically resistant to the extent
that epidemic outbreaks are less likely, although
individual cases may still occur. If this resistance is
overcome by the change of environmental factors 
(i.e. feeding practice), epidemics such as BSE in cattle
result. Except for chronic wasting disease in American
deer, TSE-like diseases have so far not been observed in
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BELOW: 
The PrP protein structure is partly
described which helps to link the
position of amino acid changes
associated with disease to protein
structure. Amino acid positions
genetically variable in sheep are
highlighted in colour.
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wildlife. Based on our experience with domestic animals
the main reason may well be strong genetic resistance
due to the prevalence of highly resistant PrP sequences.
This could have come about due to the fact that an animal
with a neurological disease becomes easier prey. It would
represent a stronger selection pressure on the genetic
background than exists in domesticated species.

But more subtle genetic modulations may be equally
effective. PrP variants may have evolved in wildlife 
that led to an extension of incubation periods beyond 
the normal lifespan. This effect would certainly be more
evident in wildlife than in domestic or laboratory
animals, which have a longer life expectancy. What is 
the likelihood that wildlife represents a reservoir of new
TSE agent strains? We cannot answer this with our
current scientific knowledge, but research into the
significance of non-clinical carriers of infection in sheep
is underway and will provide important answers in the
future.

� Dr Wilfred Goldmann is a Senior Research
Scientist at the Neuropathogenesis Unit, Institute
for Animal Health, Edinburgh, EH9 3JF, UK.
Tel. 0131 6675204
email wilfred.goldmann@bbsrc.ac.uk

ABOVE: 
Genetic diversity in the PrP gene
protects populations from TSEs. In
the green population all individuals
are of the same PrP genotype (a/a)
and many will succumb to disease
(white sheep). In the blue
population heterozygous genotypes
(a/b) decreases the overall disease
rate. The yellow population is free
of disease as the resistant allele
(b) dominates the genepool.
COURTESY W GOLDMANN

Science Policy
SGM has been responding to consultation documents and
helping to shape science policy in the UK. Reports have
now appeared on the following topics.

In Spring 2003, the Department for Environment, Food and
Rural Affairs (DEFRA), in collaboration with the Scottish
Executive and the Welsh Assembly Government, consulted
on preparing an Animal Health And Welfare Strategy for
Great Britain. The resultant strategy is intended to reduce
the economic, social and environmental impact of animal
diseases and improve the welfare of all animals kept by
man (www.defra.gov.uk/animalh/ahws/default.htm).

SGM also contributed to the Royal Society consultation on
Measuring Biodiversity for conservation (www.royalsoc.
ac.uk/templates/statements/StatementDetails.cfm?state
mentid=232). The loss of species has accelerated over the
last 200 years and effective methods of measuring bio-
diversity, based on sound science, are urgently needed to
monitor changes in the state of life on earth. The main 
recommendation of the report is the routine application of
a framework, developed for selecting and undertaking
appropriate ways of measuring biodiversity. The report also
calls for the crucial merging of biodiversity information to
make scattered data, held globally in museums, libraries
and informal records, more readily available and useful.

The House of Lords Select Committee on Science and
Technology held a consultation on Fighting Infection
(www.publications.parliament.uk/pa/ld200203/ldselect/
ldsctech/138/13801.htm). Infectious disease is a signifi-
cant cause of human illness and death and the emergence
of new infections, such as SARS, causes widespread 
anxiety and affects international travel and trade. Services
expected to protect the population from both common 
and more unusual infections are under-resourced and
over-stretched. Recommendations from the report include
improving collaborative relationships across the various
health services (including international services), ensuring
there are sufficient, well-trained health professionals, 
funding for research to provide an evidence base for
improving the diagnosis, treatment, prevention and control
of infections, secure supplies of vaccines in case of 
epidemics and the provision of clear advice and informa-
tion to the public.

SGM has also submitted responses to two further consul-
tation documents; the final reports are pending.

The Royal Society called for evidence on the detection and
decontamination of chemical and biological weapons. The
working group set up for this study will use the evidence
submitted to identify cutting edge science and technology
that might practically be applied to detection and decon-
tamination in the future.

The Food Standards Agency (FSA) consulted on the strat-
egy for the control of Campylobacter in chickens. The FSA
has a target to reduce the incidence of human food-borne
disease by 20 % by April 2006. Campylobacter is the
greatest challenge as far as this target is concerned and
there is strong evidence that the most significant route by
which people are exposed to Campylobacter is through
chicken.

� Faye Jones, Public Affairs Administrator
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