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lthough the UK epidemic of BSE (Bovine

Spongiform Encephalopathy) is now under

control, and looks likely to be completely eliminated

within three to five years, there continues to be a

need for improved and complementary diagnostic

tests for BSE. This is emphasised by recent events

indicating that the disease is now present in several

other countries, albeit at low incidence compared to

the worst years of the UK experience. In addition,

the Ministry of Agriculture, Fisheries and Foods

(now DEFRA) and all segments of the UK livestock

industry are fully committed to a vigorous

programme to eradicate scrapie from the national

sheep flock. While there has been significant

progress in the development of tests which can be

used post-mortem, tests which could be carried out

on the live animal and before the development of

clinical signs would be of immense value in the

control and eradication of the diseases, and in

restoring consumer confidence. So far such tests

have proved elusive.

The nature of the diseases

BSE and scrapie are similar diseases, characterised

by the production and build up of an abnormal

protein, primarily in the brain and spinal cord of the

affected subject. Proteins are complex, long chain

molecules made up from amino acid building blocks.

They may fold in different ways to produce different

three-dimensional shapes that have different

biological properties dependent on these positional

arrangements. In the case of BSE and scrapie, a
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Figure 7.1 The safest beef in Europe? - A credible live animal test could help restore confidence in export markets
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protein (called PrP, the prion protein) which is

normally present in a range of tissues, including

brain tissue, nervous tissue and white blood cells, is

converted into an abnormal three-dimensional shape.

In this form (called PrPSc), it has the potential to

convert other protein molecules from the normal

form to the abnormal form. It is now generally

accepted that the abnormally folded protein

represents the infective component of these diseases.

In the case of BSE, there appears to be a single strain

of the disease, while in scrapie there is a more

complex situation with several strains of the disease

(presumed to reflect detail differences in the

structure of the prion protein) and significant genetic

differences in the susceptibility of sheep to the

disease. The scrapie eradication programme seeks to

exploit these genetic differences in susceptibility by

selectively breeding from scrapie-resistant stock.
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A testing problem

To date, most efforts to produce laboratory tests for

scrapie and BSE have concentrated upon exploiting

the small differences between the abnormal and

normal forms of the prion protein to detect the

abnormal form exclusively. Although this approach

is extremely demanding technically, significant

progress has been made and several different tests

are now available based upon this approach and

which are being used in programmes to screen

animals for BSE at the time of slaughter. However,

these tests use tissue from the brain or spinal cord in

the latter stages of the disease, and it is not practical

to apply them on a wide scale to live animals. A

practical live animal screening test needs to be based

upon more readily accessible samples such as blood,

urine or saliva. In comparison to the brain tissue, the

blood of an infected animal has much lower

concentrations of the abnormal prion (perhaps

100,000 times lower), while there are significant

Figure 7.2 Live animal tests could also assist in the eradication of scrapie from sheep
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concentrations of normal prion present in white

blood cells. The technical requirements, which were

already demanding in brain tissue, become severe

when prion detection is considered in blood. While

abnormal prion detection will be the most specific

marker of the two diseases, there is scope for

alternative approaches, particularly if these can

provide reliable indicators of infection in the live

animal. At IGER, we are seeking to establish

whether there are abnormal levels of metabolites in

the blood that are characteristic of infected animals.

Techniques are being developed to separate, identify

and quantify an array of small compounds in blood

and to determine whether any are associated with

BSE or scrapie infection. This is a collaborative

programme with the Veterinary Laboratories

Agency, the Welsh Institute of Rural Studies and the

Welsh Sheep Strategy, and is funded by MAFF.

Establishing detailed metabolic profiles for

infected and healthy livestock

The first requirement for the study we are

undertaking is to compile appropriate collections of

blood samples from healthy, clinically affected and

infected, but pre-clinical livestock. Well-

characterised pre-clinical samples can only be

obtained from experimental infections of cattle or
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sheep, which are lengthy as the incubation period for

BSE in cattle is approximately five years, and which

must be conducted under stringent containment

conditions to eliminate the risk of infection of other

livestock. The Veterinary Laboratories Agency is

supplying us with pre-clinical material from its

existing programme. In addition, the samples from

healthy (control) livestock should, as far as possible,

represent all factors which could affect the metabolic

profile, such as different types of husbandry, stages

of lactation and, particularly in the case of sheep,

breed differences. The contributions of the Welsh

Institute of Rural Studies and the Welsh Sheep

Strategy will be crucial in compiling a representative

control sample set for sheep.

Like most biological samples, blood is an extremely

complex mixture, and the number of different

components which can be detected owes as much to

the separating ability and sensitivity of the method

used as it does to the sample itself. However, among

currently available methods, a technique called Gas

Chromatography / Mass Spectrometry (GC/MS)

(Figure 7.3) can produce very detailed profiling of

the smaller biochemical components of a mixture,

and has been selected for the current study. Gas

chromatography is a process in which a mixture of

chemicals is separated according to their volatility

(or boiling points) using the same principles used in

distillation, but in a format which produces much

greater separating power. This is achieved by

injecting the mixture, in a flow of gas, into a fine

tube (the �column�) with a diameter similar to a

human hair, and a length of 25-50 metres. Each

component of the mixture spends its time either in

the gas flow moving through the column, or

absorbed in a stationary coating on the inner face of

the tube. More volatile components spend a greater

proportion of their time in the gas phase and so reach

the far end of the column earlier. A mass

spectrometer, placed at the far end of the column,

A state of the art GC/MS, similar to the one shown here, will be

provided by MAFF to enable us to conduct the study
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detects each component as it arrives, measures the

amount of that component, and in addition provides

information about its chemical structure, from which

its identity can be determined. A typical analysis or

�chromatogram� is shown in Figure 7.4, with some of

the components labelled. With the high separating

power of the chromatography column, and the

ability of the mass spectrometer to detect

components over a wide range of concentrations,

many components can be measured in the same

sample, allowing complex profiles to be assembled. 

To date, we have applied this approach to a small set

of samples which included five pre-clinical BSE

cases and approximately 50 control animals which

were matched with the BSE cases in important

factors such as diet and stage of lactation. This study

was limited in a number of important aspects, not

least the sensitivity of the available instrumentation

and the number of infected animals sampled. Despite

these limitations it identified a number of blood

components which were associated with BSE status.

Lactic acid concentrations, in particular, were

significantly influenced by BSE status. While this is

not likely to be diagnostically useful in itself� lactic

acid levels in blood are influenced by many other

factors � it did indicate that there was sufficient
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potential in our approach to justify more detailed

study. Our future work programme will exploit

improved instrumentation to increase the number of

metabolites analysed in each sample, develop

automated sample preparation methods to increase

throughput, and apply more sophisticated data

analysis methods in order to identify candidate

markers in the large data sets which will be

produced. On reasonable inferences drawn from the

lactic acid observation, we will also be targeting

specific groups of metabolites, such as hormones

associated with the animal�s adaption to stress and its

�fight or flight� response, for particular study in

addition to the general screening method. We

envisage that the final data sets will comprise

measurements of 100 or more metabolites in sample

sets of about 500 for each of BSE and scrapie.

Ultimately, our hope is that this data set will allow a

small number of key metabolites to be identified

(perhaps 5-10) which could then be the focus of a

faster, cheaper analytical method applicable to the

very large numbers of samples which would result

from a large scale screening programme. 

Contact: paul.begley@bbsrc.ac.uk

Figure 7.4 GC/MS chromatogram for a typical bovine plasma extract
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