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Historical introduction
Scrapie is a naturally occurring disease of sheep

which has been recognized in England for nearly 250
years (McGowan, 1914). Indeed as early as 1755
the farmers of Boston (Lincs.) petitioned the House
of Commons on account of the economic losses it
caused, and sought that 'distempered' animals be
restrained from mixing with healthy ones (Palmer,
1959). On the Continent, the disease (under a
variety of names-'la tremblante', 'Prurigo lom-
baire', 'maladie chancelante', 'nevraxite enzootique
du mouton', 'Zitternkrankheit', 'Traberkrankheit'
(trotting disease), 'Grubberkrankheit' (nibbling
disease), 'Reiberkrankheit' (rubbing disease)) was
also rampant. Stockman (1913) has reviewed the
contentious points in the history of the disease and
records the first use of the term scrapie in 1853. It
is commonly said to have been imported into this
country with merino sheep from Spain, but isolated
outbreaks have occurred in recent times (Palmer,
1959), e.g. in North America and Australia (Bull and
Murnane, 1958) and even the remote Himalayan
foothills are not immune, though the disease there
seems to have been recognized for less than a quar-
ter of a century (Zlotnik and Katiyar, 1961). From
the outset, observations in the field posed the ques-
tion of the relative parts played by inheritance
(breed) and infection, and this remains a focal point
of interest to the present day. Modern interest in
scrapie has been intensified since 1954, when
Sigurdsson delivered three lectures in the Univer-
sity of London in which he drew attention to certain
naturally occurring diseases of sheep in Iceland
which could, however, be passaged experimentally.
Among these was the Icelandic disease called 'rida'
(meaning 'trembling' and 'maedi' meaning 'breath-
lessness'). Rida appears to be identical with
scrapie. Sigurdsson tentatively suggested three
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characteristics of this group of infections which he
labelled 'slow' infections.

(a) A very long initial period of latency to be
reckoned in months or even years (and now known
to extend over one-quarter or even one-third of an
animal's natural lifetime).

(b) A regular protracted course once clinical
signs had appeared leading to serious disease or
death.

(c) Limitation of infection to a single host species
with anatomical lesions only in a single organ or tis-
sue system.

Sigurdsson's criteria have, of course, been modi-
fied over the years as new facts have come to light,
especially with regard to limitation to a single
species. However, the number of diseases for
which a 'slow virus' aetiology has been postulated
has multiplied greatly, and at a symposium devoted
to 'Slow, Latent, and Temperate Virus Infections'
organized by Drs Gajdusek, Gibbs, and Alpers at
Bethesda in December 1955, no fewer than 10
groups of virus infections in man of possible 'slow'
type were listed and no less than 21 in animals.
Indeed, in recent years perhaps only 'autoimmune
disease' has been capable of giving so much verbal
satisfaction as 'slow virus infection'. It may be
noted that the enlargement of the 'slow' group has
included such diseases as rabies. While it is un-
doubtedly true that rabies virus may lie dormant in
the tissues for prolonged periods (perhaps up to 2
years), when it does produce disease it is of a ful-
minating character quite different from that
visualized by Sigurdsson. In the writer's opinion,
we should in the present state of our knowledge
exclude such conditions and distinguish 'latent'
from 'slow' infective agents. It may be noted, too,
that Sigurdsson referred to 'slow infections' and not
to slow viruses. It is now clear that certain banal
viruses, notably measles, may under certain con-
ditions act as 'slow' agents (for example in the
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production of subacute sclerosing panencephalitis
(SSPE) and, though this is very much more doubt-
ful, multiple sclerosis (Field, 1975)).

Scrapie itself has become the paradigm of 'slow'
infections, especially since the establishment of the
disease in mice (Chandler, 1961) and rats (Chandler
and Fisher, 1963) has so greatly facilitated its study.
As such, it poses fundamental problems in molecular
biology, even perhaps presenting a challenge to the
Watson-Crick dogma (Lancet, 1967) that nucleic
acids alone are capable of carrying instructional in-
formation. Pirie (1966) has indeed considered the
possibility that substances other than nucleic acid
(e.g. a polysaccharide) may transmit, while Field
(1967b) has postulated, with reference to scrapie, that
a small fragment comprising a few aggregated poly-
saccharide chains, if transplanted into another cell,
might initiate a seeding out process in the cytoplasm
and so create the illusion of self-replication. Patti-
son and Jones (1968b) have pointed out that the fact
that scrapie can be passed indefinitely through ani-
mals in series does not necessarily mean classical
replication of the virus; an interesting suggestion
commented upon in Nature (1967). They claimed
that scrapie may on rare occasion result from the
inoculation of (apparently) normal brain tissue, and
suggested that the agent was present in an inhibited
form in normal tissue and in released form in
scrapie brain. Such an unmasking would, they
claimed, provide an alternative explanation to self-
replication. Such problems have clear relation to
the membrane hypothesis of Gibbons and Hunter
considered in some detail below.

Clinical features of scrapie
Natural scrapie is almost entirely limited to sheep,

very seldom affecting animals under 2 years of age,
but may come on over 5 years. It has been recorded
in the goat under natural conditions (Chelle, 1942),
though the disease may readily be established in this
species by intracerebral inoculation (Pattison, 1957)
and a detailed histological study has been made by
Hadlow (1961). In sheep the onset is generally in-
sidious with slight behavioural changes such as
nervousness and excitability. Rubbing or scratch-
ing over the lumbar region may elicit a rubbing
reflex. Neurological signs intensify at the same
time as the animal shows a tendency to rub itself
against a fence or telegraph pole so that areas of
fleece, especially over the flank or rump, are lost
(Fig. 1). Tremor and incoordination, especially on
sudden change of direction, increase, teeth grinding
is sometimes marked, and the animal, if hurried,
may show a high stepping gait ('cuddy trot').

Some animals show thirst. The course may be
over a few months or rapid over a few weeks, and
not a few die suddenly. General weakness follows
and inability to rise leads to death, though Stock-
man (1926) believes that occasionally recovery may
take place. Excellent detailed clinical descriptions
of the disease have been given by many authors
(Stockman, 1913; Wilson et al, 1950; Stamp, 1956,
and many others).

FIG. 1. Scrapie sheep. The rubbing away of the fleece from which
the disease takes its name is apparent. The front animal also has
adopted an. unusual stance.

Shepherds and flock-masters become very ex-
perienced in spotting early scrapie and it is probable
that many animals are disposed of either privately or
possibly in the slaughter house.
There is a strikingly genetically dependent sus-

ceptibility to the disease. Gordon (1966a) re-
ported that Herdwick showed 78% susceptibility to
intracerebral inoculation of a Moredun stock
scrapie brain pool; Swaledale 54%; Welsh Cheviot
15%; Clun Forest 2%; and Dorset Down 0%.
Altogether 24 breeds were studied. Not only was
there a variation between breeds noted, but there
was also a difference in susceptibility in families
within different breeds. In 1961 the late Dr W. S.
Gordon initiated a programme designed to segre-
gate flocks of predictable susceptibility or resistance
to experimental scrapie, since the unpredictable
susceptibility of sheep to natural scrapie had been
known for many years and its familial tendency well
recognized. It was also felt that results with
natural experimental sheep scrapie should be re-
garded a priori as a somewhat different matter from
mouse scrapie findings. Recently Nussbaum et al
(1975) have summarized the results of a 12-year
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Scrapie: a review of its relation to human disease and ageing

breeding programme from a foundation stock of
over 700 Hardwick sheep aimed at producing diver-
gent populations of predictable high and low sus-
ceptibility to experimental scrapie. They have
found that 'keeping the inoculum and route of
inoculation constant throughout, reaction to scrapie
would appear to be controlled by two alleles of a
single autosomal gene, susceptibility being dominant
to resistance'. These findings differ from those of
Parry (1962) whose studies of natural scrapie
in a large number of flocks involving 10 British
breeds led him to the conclusion that the disease was
the result of an autosomal recessive gene. Gordon's
experiments (1966a) were also consistent with the
hypothesis of a recessive inheritance of susceptibility
to experimental scrapie.
Nussbaum et al (loc. cit.) emphasize that 'although

world wide investigations on the mouse scrapie
model have led to remarkable advances in knowledge
about the baffling disease, and more particularly its
causative agent, the sheep nevertheless remains its
principal natural host'. For research on natural
scrapie the specially selected flocks should be of
great importance. It is in the field of 'slow' infec-
tions specially that genetic background is of the
greatest significance in determining the result of
inoculation of a particular agent.

Spread of scrapie: natural conditions
Early workers were inclined to believe that the

disease was hereditary, but a number of observa-
tions not only in the field (Stockman, 1913;
M'Fadyean, 1918; Sigurdsson, 1954; Gordon,
1966b) and the experimental transmission of the
disease by Cuille and Chelle (1936) (and subse-
quently by many others) have made the purely
genetic hypothesis very unlikely. Many veterinary
surgeons emphasize that possible differences be-
tween 'real' (i.e. natural) scrapie and the 'artificial'
experimental disease should always be borne in
mind. Parry (1962) who emphasizes strongly the
genetic component has claimed that contact infec-
tion is rare, that the disease is essentially genetic in
origin with a transmissible agent arising in the
brains of affected sheep as the result of the operation
of a lethal recessive gene. Nematode parasites
have not been incriminated in lateral spread (Fitz-
simmons and Pattison, 1968). Field (1969) has
reviewed some of the earlier experimental studies of
transmission both in the field and in the laboratory.
It is well recognized that peripheral routes of inocu-
lation of scrapie agent are effective (with longer
incubation period than intracerebral injection) and
Pattison et al (1972) have suggested that a possible

route of natural infection in the field might be
through ingestion of the placenta expelled by in-
fected sheep. Contamination through the skin by
rubbing against infected posts or fences also cannot
be ruled out.

Experimental transmission of scrapie to a whole array
of animals (excluding guinea pigs) has been suc-
cessful. Chandler's (1961) transfer to the mouse
(with incubation of the order of 5 to 6 months) and
later Chandler and Fisher (1963) to the rat (incuba-
tion 7 to 9 months) have proved enormously im-
portant milestones in facilitating research into the
disease, though the new context of the disease must
be recognized. Morris et al (1966) claimed that
scrapie might spread from affected mice to healthy
animals (7 of 200 mice) caged in the same room and
suggested the agent could be carried by bedding,
dust, etc. Experimental attempts to infect by these
means have, however, been negative (Field and
Joyce, 1970) and it should be noted that Morris et al
failed to make adequate histological study of their
positive takes, which were old mice where clinical
diagnosis alone is difficult. Field and Joyce (loc.
cit.) were also unable to observe the occurrence of
scrapie in the offspring of affected mouse parents,
over the space of 20 months, though Gajdusek and
Gibbs (1968) had reported that 'a small percentage
of mice born to females inoculated with scrapie
before being bred develop scrapie disease even
though they were placed with foster mothers im-
mediately following birth'.
There is now accumulating evidence for the exis-

tence of several different strains of scrapie agent
(Dickinson and Fraser and their colleagues)
characterized by different lengths of incubation and
different primary distribution of lesions (vacuoles in
mice) in the brain. Two especially clear strains are
the 22A and ME7 groups (Dickinson et al, 1968a, b;
Dickinson and Meikle, 1969). These workers claim
to have identified a gene in mice which controls
the incubation of the ME7 scrapie agent, and have
named it 'sinc' to denote scrapie incubation period.
It comprises two alleles, s7 and p7, which show no
dominance, the former shortening and the latter
prolonging the incubation period. These two
known alleles of sinc, s7 and p7, apparently act on
some early phase of agent replication in each tissue
(Dickinson et al, 1969). Sequential infection of the
same mice with strains of long and then short incu-
bation period can result in an extension of the incu-
bation period of the latter (Dickinson, 1971).
Hunter (1974) is of the opinion that all forms of the
scrapie agent have similar physicochemical pro-
perties, but that minor differences may well occur.
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482t E.sa FielMultiplication of scrapie agent
The multiplication rate of the scrapie agent is

subject to genetic control (see above) and indeed
very recently Dickinson et al (1975) have suggested
that the incubation time of scrapie may exceed the
natural life span. This is deduced because the
agent always appears in the spleen before brain, and
death from 'natural' causes may supervene before a
detectable concentration of agent occurs in the brain
with accompanying clinical disease. They go on to
point out that there 'seems to be no reason why this
will not occur within other members of this group of
diseases. It is, therefore, possible that a greater
number of individuals are infected with one of the
agents causing transmissible encephalopathies or
dementias, such as Creutzfeldt-Jakob disease in
man, than the number of cases which occur.' The
relevance of these thoughts to the problem of ageing
will become apparent below when the relation of
scrapie and the ageing process is considered in some
detail.
Eklund et al (1967) showed that scrapie agent

spread rapidly to all organs of the body soon after
intracerebral or peripheral inoculation in the mouse,
though neither Eklund et al (1965) nor Pattison et al
(1964) could demonstrate the agent in the blood.
Clarke and Haig (1967) were successful in a few
cases, but Field et al (1968), looking at very short
intervals after inoculation, showed regular access to
the blood with presumable metastasis in the organs,
especially those of the lymphatic system. Indeed
the agent appears later in the brain than in lymph
nodes and spleen, seeming to proliferate preferen-
tially there. Not only does the agent spread by the
blood but settles in the segments of the neuraxis
related to the inoculation site producing there the
earliest morphological changes of scrapie-astroglial
hypertrophy (Field, 1967a). In this respect the
agent is similar to a neurotropic virus such as polio-
myelitis. There is some evidence also that scrapie
undergoes an 'eclipse' phase in the brain (Field et al,
1971).

Scrapie in the mouse

A. Clinical features
The earliest signs are some degree of slowing in

movement which may alternate with periods of ex-
citement, or there may be periods of a few seconds
during which the animal suddenly stands still in an
almost cataleptic state. Such changes occur about
10 to 12 weeks after intracerebral inoculation of
0.02-0.03 ml of a 10- 1 sterile scrapie brain emul-
sion. Later the whole animal becomes more rigid
and becomes a monobloc. Males commonly show

priapism with incrustation round the penis and dis-
tended bladder. The tail stiffens and can some-
times be moulded into the shape of a question mark
('the scrapie question'). The animal is readily
pushed over as a solid block. However, if put into
an ether pot for anaesthesia, it may react violently.
Indeed careful examination by controlled visual or
auditory stimuli reveals hyperreactivity quite early
in the disease at a time when astrogliosis in the brain
is just beginning (Savage and Field, 1965). Con-
siderable emaciation occurs towards the end, though
some animals become very fat.

B. Pathological changes
Specific pathological changes are essentially

limited to the brain and spinal cord, where the
earliest sign is hypertrophy of astroglial cells.
Neuronal vacuolation is more common in sheep
(Fig. 2), but is found with certain strains of agent in
mice, too (Pattison, 1957; Chandler, 1961). Neu-
ronal vacuolation appears to arise by dilatation of
endoplasmic reticulum sacs (Field and Raine, 1964).
Status spongiosus, especially of the grey matter, is
very characteristic of scrapie in the mouse (Fig. 3)
and reminiscent of the spongy encephalitides ofman
(Jakob-Creutzfeldt disease: Kuru).
The precocious astroglial hypertrophy in the

young mouse (Fig. 4) or rat (Fig. 5) with scrapie is
quite like that found in the normal very old animal
(Field, 1967b), and indeed 'blind' slides sent to Mr
Pattison and Dr Zlotnik, both with vast experience
in the diagnosis of scrapie, elicited requests for
information of the age of the animal before a diag-
nosis could be sure. More recently, Fraser and
Bruce (1973) have described argyrophilic plaques of
senile type in mice inoculated with certain scrapie
strains. These resemble the plaques found in
Kuru (Beck and Daniel, 1965; Field et al, 1969).
The pathological resemblances between scrapie,
kuru, multiple sclerosis, and old age have been
evaluated by Field (1967b). (It may be said at once,
in anticipation of what is to follow, that multiple
sclerosis is unrelated to the other three conditions.)
Astroglial hypertrophy, amyloid bodies, intra-axial
orientated tubules, spiral filaments, filagree arrange-
ments, have all been found in the scrapie-kuru-
Jakob-Creutzfeldt complex (reviewed by Field,
1969.) The suggestion that kuru and scrapie,
despite admittedly widespread 'non-specific' changes
are essentially 'system diseases' affecting the cere-
bellar system (and in scrapie, too, the neuro-hypo-
physical complex) (Beck et al, 1964; Beck and
Daniel, 1965) has received little support as more and
more studies have emphasized the widespread
character of the changes (Kakulas et al, 1967).

E. J. Field482
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Scrapie: a review of its relation to human disease and ageing 483

FIG. 2. Anterior horn cell of sheep with natural scrapie showing multilocular vacuolation ('bubble cell'). The Nissl substance is com-
monly well preserved in such cells and electron-microscopy shows the vacuoles to be derived from expanded endoplasmic reticulum
sacs. (H & E x 800.)

FIG. 3. Cerebral cortex of mouse with scrapie: note vacuolation of the 'background substance' which later becomes very marked.
These vacuoles are in part made up of grossly dilated astroglial processes. (H & E x 800.)
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484 E. J. Field

FIG. 4. Normal old mouse (2 years 3 months). Here the astrocytes are enlarged snd stain well. The astrocytes of early scrapie stain
like this, too. In the young normal mouse (up to about 9 months) astrocytes stain very faintly wsth thin wispy and relatively few pro-
cesses. (Gold chloride x 500.)

FIG. 5. Astrocytes of advanced scrapie in the rat showing well-marked hypertrophy. (Gold chloride x 1024.)
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Scrapie: a review of its relation to human disease and ageing

The notion that scrapie is essentially a disease of
the central nervous system has not gone unchal-
lenged. McGowan (1914) pictured the disease as
one primarily of muscle resulting from infestation
with sarcocystis tenella, and, as recently as 1956,
Bosanquet, Daniel, and Parry concluded that the
principal pathological lesion in scrapie was a degene-
ration of skeletal muscle and sometimes of the myo-
cardium-the picture being essentially one of a
polymyositis or a more acute muscular dystrophy.
They concluded that 'there is no sound evidence
that scrapie is due to an infection of the central ner-
vous system'. Detailed study of the muscles
(Hulland, 1958) has, however, failed to substantiate
lesions, and it appears that a muscular dystrophy was
present as an incidental disease in the original
material, though Beck et al (1964) found a few
lesions of the original type they described.
An interesting feature of scrapie (as well as Jakob-

Creutzfeldt disease and multiple sclerosis) is the
propensity for vigorous growth which explants of,
even adult, infected tissue show (Gustafson and
Kanitz, 1965; Field and Windsor, 1965; Haig and
Pattison, 1967; Clarke and Haig, 1970), though it
has not yet been possible to infect any already estab-
lished cell line with the agent.

Properties of scrapie agent
These are remarkable for the stability of the agent

in face of a large number of agencies which kill
ordinary viruses. Only periodate (Gibbons and
Hunter, 1967) and alcoholic iodine solution (Bell
et al, 1972) seem at all effective. Field (1969) and
Hunter (1974) have reviewed the properties in de-
tail. Of special note is resistance to autoclaving
(20 psi for 30 minutes: 10-1 suspension)-though
there was pronounced diminution in titre. Even
re-autoclaving still produced disease in 3 of 6 mice
after the prolonged incubation period of 13 to 15
months (and it may be noted that this is the incuba-
tion period with some of the most 'interesting' and
'unorthodox' scrapie results). Whether there is an
irreducible minimum of infectivity which cannot be
eliminated by repeated autoclaving remains to be
tested (Field, 1969). The agent shows a quite re-
markable resistance to formalin (Pattison, 1965),
even storage in 10 per cent at room temperature for
28 months did not destroy activity.
Of outstanding significance, however, is the now

well-authenticated observation by Alper et al (1966,
1967) of the truly remarkable resistance of scrapie
agent to ionizing radiation and ultraviolet light. In
two separate experiments Field et al (1969) fully
substantiated the original claims, deriving figures

almost identical with those of Alper et al, even 25
megarad. of irradiation completely failing to cause
inactivation at a dilution of inoculum of 10-2 and 2
out of 6 mice dying at 10- 4.
There is no doubt the agent is very small by

ordinary viral standards. Kimberlin et al (1971)
arrived at a figure of 5 x 107 daltons. Filtration
experiments over the years have also progressively
reduced the size of the effective agent, and indeed,
since it has never been possible to separate the agent
from cellular membrane fragments, many measure-
ments must merely reflect the degree of break up of
the tissue tested. The significance of this intimate
(if not indeed integral) association with cell mem-
brane will emerge below. The most direct evi-
dence for the extremely small size of the active
scrapie agent comes, however, from the above-
mentioned experiments of Dr Tikvah Alper and her
collaborators, who calculated the extremely small
size of the effective target.
Among the remarkable properties of the scrapie

agent, the only ones that are clearly in line with those
of recognized viruses are the invasion of the central
nervous system along segmental lines and the
'eclipse phase' referred to above. Nevertheless,
many of its extreme properties can be matched or
nearly matched by individual properties of other
accepted viruses. The very small size of the infec-
tive agent was at first thought to rule out its viral
nature-and the writer still prefers to refer to
'agent' rather than 'virus'. The calculated target
size of the active scrapie-producing agent was at first
thought too small to comprise an adequate self-
replicating coding mechanism. Diener (1971,
1974), however, has recently introduced the concept
of viroids as much smaller agents of infectious
disease. For the most part they appear to be short
strands of RNA with a molecular weight about 75 to
100 000 daltons capable, when introduced into a
susceptible host, of apparent replication leading in
some cases to disease. The first viroid to come to
light was the agent of potato spindle tuber disease,
long assumed to be 'viral'. In 1967 Diener and
Raymer claimed the infectious agent to be a free
RNA and that recognizable viral particles are not
found. Additional plant diseases (chrysanthemum
stunt and citrus exocortis) have since then also been
claimed as caused by viroids (reviewed by Diener,
1974). Again the low molecular weight of viroids
(plant) raises the question as to how such RNAs can
contain sufficient genetic information to induce
replication in susceptible hosts. Thus, for potato
spindle tuber disease the molecular weight would
enable coding for some 70 to 80 amino acids, i.e.
barely sufficient to code for a very small protein. It
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is all the more surprising that viroids do seem able,
in certain hosts, to incite severe disease. These
problems are considered by Diener (1974) with
various ingenious hypothetical constructs: Diener
himself (1972) has proposed that scrapie agent may
be a viroid coming within Alper et al's (1966) calcu-
lated target size for the active scrapie agent of 1.5 x
105 daltons, the size which they considered 'im-
plausibly small as a nucleic acid code'. Many, at
least, of the extreme properties of the agent might
be accounted for by its viroid nature. The enig-
matic nature of the scrapie agent has generated
numerous hypotheses, including the belief that it is a
classical small virus with somewhat unusual pro-
perties (some of which can be individually matched
amongst recognized viruses) (Stamp, 1967); that it
is a small DNA virus with a polysaccharide coat
(Adams and Caspary, 1967); that it is a pro-virus
(Parry, 1962); that it is a histone-associated material
(Pattison and Jones, 1967); that it is a self-repli-
cating polysaccharide (Field, 1967b); that it is
present in normal brain and is unmasked by various
procedures (Pattison and Jones, 1968b); that it is an
agent that brings about physicochemical alterations
in cell membranes (Gibbons and Hunter, 1967);
and that it may be a provirus capable of binding only
to cell membranes when a linkage substance is sup-
plied (Adams and Field, 1968). Recently Carp et
al (1972, 1973) and Licursi et al (1972) have claimed
that the percentage of polymorphonuclear neutro-
phils in C57B1 mice was reduced permanently
after injection of either scrapie or multiple sclerosis
tissue. The decrease was detected within three
days of the injection of scrapie and persisted
throughout the three months of the preclinical stage
of the disease. In their work they did not use
material from nervous diseases other than multiple
sclerosis, so that the specificity of the phenomenon
for multiple sclerosis cannot be assessed. Techni-
cal difficulties in the assay for scrapie proposed by
Carp's work have been assessed by Dickinson et al
(1974) who sound a note of caution in their general
confirmation of the scrapie report by Carp et al.
On the other hand, Brown and Gajdusek (1974) re-
peated Carp's experiments (including using some
of his original material) with negative results, so
that the reality, specificity, and nature of the PMN
depressing factor remains in question. Since
Carp's work linked scrapie and multiple sclerosis,
it may be appropriate at this point to make clear the
current situation in respect of the association be-
tween scrapie and multiple sclerosis. In 1947
Campbell et al reported the development ofmultiple
sclerosis in 4 of 7 research workers at Cambridge
studying swayback in sheep. It is now recognized

that swayback is a form of dysmyelogenesis in lambs
associated with copper (and perhaps also other trace
elements such as molybdenum) deficiency in the
pasture on which ewes are raised. Nevertheless,
Campbell's cases were striking and their attribution
to chance appeared remote. Attempts by Sutherland
and Wilson (1951) to transmit multiple sclerosis to
sheep were unsuccessful over a period of 17 months.
When, however, Sigurdsson (1954) introduced the
new concept into our thinking about the time scale of
development of an infection ('slow' infections) it re-
opened once again the issue of an infective aetiology
in multiple sclerosis, and indeed epidemiological
data in the disease could be arranged so as to lend the
idea support (Schapira et al, 1963).
Attempts to transfer multiple sclerosis to a whole

host of animals (including sheep) and tissue cultures
were unsuccessful in Newcastle, but in Reykjavik,
Palsson et al (1965) reported the highly unexpected
emergence of rida (the Icelandic scrapie) in sheep
after 18.5 months average incubation reduced to
10.8 on passage (a characteristic of scrapie when the
species barrier is crossed). Further attempts at
Newcastle, at Compton A.R.C. (Mr I. H. Pattison),
and by Dick et al (1965) were unsuccessful. In
1966 Field reported the appearance of scrapie in
mice after blind passage of multiple sclerosis biopsy
material combined with X-irradiation. Unfor-
tunately, scrapie had by this time been introduced
into the Newcastle buildings (following the Icelan-
dic findings) and, as the author himself wrote at the
time, 'it is important that attempts to pass multiple
sclerosis into mice should be made in laboratories
not working with scrapie materials at all'. Later
attempts to repeat the transmission were unsuc-
cessful. The same criticisms might be levelled
at the claim to have transmitted kuru to mice
(Field, 1967c), though recently Brownell et al (1975)
have claimed successful transmission of Jakob-
Creutzfeldt disease to mice after an 18-month incu-
bation period. Because of the essentially similar
nature of scrapie, kuru, and Jakob-Creutzfeldt dis-
ease, it is indeed probable that the latter two will be
eventually established in mice.
The development of the linoleic acid depression

(MEM-LAD) test for multiple sclerosis (Field et al,
1974a; Jenssen et al, 1974, 1975) enabled the testing
of scrapie sheep for susceptibility of their lympho-
cytes to suppression by linoleic acid. They were
found not to show the high sensitivity associated
with multiple sclerosis (Field et al, 1974b) and a re-
lation between the two conditions appears that much
less likely (Field, 1975). Though the original
observations were very probably wrong, they did
provoke a good deal of interest in possible 'slow'
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Scrapie: a review of its relation to human disease and ageing

infection aetiology of multiple sclerosis, even though
the mantle (for no very good reason (Field, 1975))
has recently fallen on measles.

Membrane hypothesis of scrapie
This elegant hypothesis of the scrapie mechanism

put forward by Gibbons and Hunter (1967) postu-
lates that 'the presence of the agent of scrapie in a
cell may represent an alteration in the basic three-
dimensional configuration of a commonly occurring
unit membrane structure. Such an alteration
would not necessarily require the introduction of
any new molecular components into the cell affected
by scrapie'. This highly novel idea deserves care-
ful consideration in view of the ageing changes to be
described below. Certainly all attempts to isolate a
specific scrapie agent from cell membrane struc-
tures have been unsuccessful. Gibbons and Hun-
ter postulate that the determining factor in scrapie
pathogenesis is a steric rearrangement of the mem-
brane-and specificially suggest it is likely to be a
rearrangement in the sugar or oligosaccharide resi-
dues attached to it. In an elaboration of their
theory, Hunter et al (1968) have set out the three
statements basic to their hypothesis.

(1) The scrapie agent is an integral part of a unit
membrane structure of affected cells.

(2) The alteration in membrane structure pro-
bably involves primarily the polysaccharide chains
of the membrane glycoprotein molecules.

(3) Known mechanisms for the replication of
polysaccharide might be applicable to the bio-
synthesis of a membrane as a whole.

Their hypothesis owes much to the model of
membrane regulation by colicins proposed by
Changeux and Thiery (1967) who suggested that a
colicin molecule binding to the plasma membrane
of a susceptible cell would alter the conformation of
the membrane subunits to which it was attached in-
to some 'damaged' form. Changeux et al (1967)
furthermore proposed a 'lattice constraint' operating
between the repeating protomers which constitute
the membrane, so that if one subunit is constrained
to a fixed structure for any reason, adjacent sub-
units will fall into the same conformation by a pro-
cess analogous to the flipping-over of a pack of
cards standing on edge. It is possible to imagine
that the incorporation of a fragment of scrapie
membrane into the cell membrane of a new host
cell may lead to an outward spreading ripple of
transformation which, when it became sufficiently
extensive, would manifest itself as disease. It is
interesting that an abnormal sodium/potassium

ratio has been reported in the brain of the mouse
developing scrapie (Field and Windsor, 1965), a
finding that might well be related to progressive
alteration in membrane make-up.

Immunological observations
The suggestions by Hunter and his group lead

naturally to consideration of immunological pheno-
mena in scrapie, since the membrane changes they
postulate might be expected to lead to immuno-
logical consequences. A long established curiosity
of scrapie has been failure to detect any specific im-
munological response (Chandler, 1959; Pattison
et al, 1964; Clarke and Haig, 1966; Clarke, 1968;
Gajdusek and Gibbs, 1968), though, of course, the
limitations of methods must always be borne in
mind. Gardiner (1965) did, however, record some
collateral observations which, in retrospect, did not
receive the attention they deserved. He found that,
when tissues from normal and scrapie animals were
used as antigens in rabbits, 'spleen preparations
from scrapie-affected animals were much better
from an antigenic point of view than were similar
preparations from non-scrapie tissues'. He further
went on to suggest that 'some tissue components
that are poorly antigenic in the non-scrapie spleen
become improved antigenetically in the scrapie
spleen', though his experiments could not determine
the nature of these materials. Two excellent recent
reviews of scrapie (Fuccillo et al, 1974; Hunter,
1974) omit these important findings of Gardiner,
though the former reports Gardiner and Marucci's
(1969) later work to the effect that the immune re-
sponse is not interfered with in the scrapie mouse.
The development of a new and exquisitely dis-

criminatory method of measuring lymphocyte sensi-
tization in both man and animals-the macrophage
electrophoretic mobility (MEM) test (Field and
Caspary, 1970; Caspary and Field, 1971-with an
experimental protocol in extenso; Shenton et al,
1973; Shenton and Field, 1975) has made acces-
sible to study minor changes in antigenicity (as
evidenced by cellular sensitization). Changes in
membrane constitution in scrapie and also in kuru
and Jakob-Creutzfeldt disease, postulated by
Gibbons and Hunter, have been studied with this
method. For such minor changes the MEM test
is especially useful (Carnegie et al, 1973; Westall,
Carnegie, and Field-unpublished), since variations
in a single aminoacid residue in an antigen are
readily detectable.

Following the inspired recognition by Hadlow
(1959) of the resemblance between scrapie and
kuru (Fig. 6) and his seminal suggestion that at-
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E. J. Field

FIG. 6. Kuru in chimpanzee. Occipital cortex showing marked vacuolation, here showing a laminar appearance. (H & E x 56.)

tempts should be made to passage the disease into
laboratory primates, the Washington group led by
Gajdusek have had striking success in establishing
kuru in chimpanzees (confirmed in Newcastle in
1971) and have extended their work later to Jakob-
Creutzfeldt disease (also repeated in Newcastle)
(Gajdusek et al, 1966, 1967; Gibbs et al, 1968;
Field and Shenton, 1973a). Kuru has also been
transmitted to the spider monkey (Ateles geoffreyi)
(Gajdusek et al, 1968). Recently, too, it has been
claimed that scrapie has been transmitted to the
cynomologous monkey (Gibbs and Gajdusek,
1972). Transmissible mink encephalopathy (TME),
first described by Hartsough and Burger (1965)
and Burger and Hartsough (1965) after an out-
break in Wisconsin mink farms, has general features
very reminiscent of scrapie (Field, 1969; Marsh and
Hanson, 1969; Marsh et al, 1969). Transmissible
milk encephalopathy has, moreover, now been
transmitted to Old and New World monkeys (Marsh
et al, 1969; Eckroade et al, 1970; Gibbs and Gajdu-
sek, 1973). When Gibbs et al, in 1968, reported
the transmission of Jakob-Creutzfeldt disease to
chimpanzees, they recorded that, though the
changes in the brain showed certain features in
common with kuru, 'there were other features not
characteristic of kuru that enabled this brain to be
easily distinguished from that of the animal with
experimental kuru'. However, subsequent studies
(as has been the case with the Newcastle kuru and
Jakob-Creutzfeldt material) have tended to diminish
the emphasis on these differences. Indeed Field
(1969) thought it 'highly probable that (Jakob-
Creutzfeldt disease) ... will turn out to be kuru-

scrapie and it is likely that Jakob-Creutzfeldt
disease is the Western analogue of kuru'. Gibbs
and Gajdusek (1971) appear to have accepted the
essential unity of these diseases, and speculate that
'the initial source of kuru agent might have been a
rare sporadic occurrence of a case of Jacob-Creutz-
feldt disease in a Fore New Guinea Highlander, and
that widespread contamination of the people in the
mourning ritual of cannibalistic consumption of
dead relatives, with inoculation of themselves and
their infants, may have only served to disperse the
infection widely in a pseudo-genetic pattern de-
termined by the familial pattern of mourning for
kinsmen who were kuru victims'. In retrospect, it
is instructive and salutary to recall the efforts
initially made to explain kuru on a purely genetic
basis (Bennett et al, 1958, 1959).
As with scrapie, so with kuru and Jakob-

Creutzfeldt disease, no circulating antibodies have
been found, even though most diligently sought.
Benfante et al (1974), for example, screened 201
kuru patients and 49 chimpanzees with kuru for
antibodies against 65 infectious agents, with nega-
tive results.

Against this uniformly negative background, cel-
lular investigation studies with the MEM method
referred to above have yielded some highly un-
expected results. In principle, the MEM method
for measuring lymphocyte sensitization to an antigen
depends upon the interaction of lymphocytes with
antigen to produce a lymphokine with the pro-
perty of causing normal guinea-pig macrophages to
travel more slowly in an electric field. This lym-
phokine has been provisionally called macrophage
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Scrapie: a review of its relation to human disease and ageing

slowing factor (MSF) and may well be identical
with the well known macrophage inhibitory factor
(MIF) which is liberated in the widely used macro-
phage migration inhibition (MMI) test of David
et al (1964) (Bloom and Bennett, 1966). While in
the MMI test the inhibition of active migration of
normal macrophages from the mouth of a capillary
tube is used as an index of lymphocyte-antigen
interaction, in the macrophage electrophoretic
mobility (MEM) test, the slowing of passive migra-
tion in an electric field (i.e. change in surface
charge) of normal macrophages is used. The
method was indeed thought up on the assumption
that a lymphokine which interferes with active
migration of macrophages would very likely also
induce an alteration in their surface charge.
The MEM test has been described with very

full details and the results of extended experience in
the works referred to above. All measurements of
migration speed of normal guinea-pig macrophages
have been made in a Zeiss microelectrophoresis
apparatus (cytopherometer) and have been carried
out 'blind' on numbered and coded specimens, and
those studied in one session have usually been de-
rived from several different experimental sources.
For example, among one batch of 25 numbered
bijoux bottles presented to the observer, might be
lymphocyte tests from a patient with multiple
sclerosis, a scrapie sheep, a patient with sarcoidosis,
a possible cancer patient, and a normal subject or a
pregnant woman. Ten suitable macrophages (Shen-
ton et al, 1973) are measured in each direction of the
potential difference so that a mean and standard
deviation may be calculated. If t, = time when
antigen present (i.e. antigen + lymphocytes + macro-
phages); tc = control time (no antigen present), then

to> t, and tc x 100 is a measure of the lympho-
tc

cyte sensitization. In fact, it would be more

accurate to use te- x 100 as the statistic for slow-

ing of speed, but for the actual magnitude of figures
recorded the difference is only slight. The statisti-
cal significance between the experimental and con-
trol (or two experimental) means may be evaluated
by Student's t test. With practice, as the operator
becomes more skilled in the use of the machine, his
readings show less and less scatter, so that standard
deviations become lower to the point where per-
centage differences as low as 6 or 7% correspond to
P <0.01. The original MEM test as applied to
cancer has been confirmed by Pritchard et al (1973),
Preece and Light (1974), Goldstone et al (1973),
though Dr Irvine's group were unable to confirm

their original results (Lewkonia et al, 1974; Meyer-
Rienecker et al, 1974; and M. Muller, personal
communication). No one yet appears to have ap-
plied the method to the scrapie-Kuru-Jakob-
Creutzfeldt problem.

Sensitization in scrapie
Because of Gardiner's observations (1965) re-

ferred to above, the cellular response to scrapie as
opposed to normal tissue was determined. For
this, normal guinea-pigs were immunized by inocu-
lation of 10- 1 suspensions of normal brain or spleen
and similar scrapie animal tissues. Eight to ten
days later the animals' lymphocytes were studies for
sensitization to a suspension of scrapie and normal
brain or spleen (and later other organs, too). In the
case of guinea-pigs which had been immunized with
normal brain (say), the lymphocyte response to
scrapie brain was greater than to normal brain, so
that the scrapie-normal difference was positive. If
scrapie brain had been used for immunizing the
guinea-pigs, the response to scrapie brain was con-
siderably greater while it remained much the same
to normal brain, so that the scrapie-normal dif-
ference was increased. This increased difference
was also found with scrapie spleen and other scrapie
tissues. When the initial scrapie material inocula
were of known biological titre, it quickly became
apparent that the scrapie-normal difference de-
veloped in the guinea-pig ran parallel to the titre, so
that it became possible to evolve a rapid method of
demonstrating scrapie and indeed of titrating it in 8
to 10 days instead of the 6 to 8 months needed for
biological titration (Field and Shenton, 1972, 1973b).
In the sheep it was found that, as scrapie developed,
the blood lymphocytes began to show raised scrapie-
normal difference which could be used for diagnosis
(Field and Shenton, 1974). It thus appeared that
sensitization to scrapie agent (or something associ-
ated with the scrapie agent) was occurring as the
disease developed under natural conditions.
At this point there were available in Newcastle

chimpanzees which had been injected with kuru and
Jakob-Creutzfeldt disease brain. When their lym-
phocytes were tested, they, too, showed a pro-
nounced increase in scrapie-normal difference.
Control studies were, however, carried out with a
variety of other neurological diseases, including
multiple sclerosis, glioma, and neurosyphilis.
These, too, showed raised scrapie-normal dif-
ferences. The only common pathological fea-
ture among this disparate group appeared to be
astrogliosis, which was a prominent feature of
all the conditions which gave high scrapie-normal
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difference. It is of special interest that a very
early (9 months' history) case of multiple sclerosis
showed a well-raised scrapie-normal difference
(reminiscent of the many descriptions of the
earliest pathological changes of multiple sclerosis
going back to Charcot, 1872, which stress pre-
cocious, if not indeed initiatory, astroglial reaction).
These results suggested that what was being
measured was not something specific to scrapie
agent but something associated with hypertrophied
astroglia-perhaps some antigenic determinant
associated with activated glia (Field and Shenton,
1973a). On the other hand, exactly the same high
scrapie-normal difference resulted when scrapie
spleen, kidney, or liver was injected into guinea-
pigs-where there was no question of astrogliosis.
It may be that the antigenic changes induced by the
presence of scrapie agent result in morphological
change only in the case of astroglia but not with
other cell types. If astroglial cells are made to

undergo hypertrophy to produce a 'pseudo-scrapie'
state by feeding mice with cuprizone (Pattison and
Jebbett, 1971) then this brain, too, on injection into
guinea-pigs produced an increased scrapie-normal
difference.
A full record of the large number of tests carried

out with normal, miscellaneous disease, glioma,
other neurological disease, neurosyphilis and
multiple sclerosis, as well as with kuru and Jakob-
Creutzfeldt disease is given by Field and Shenton
(1973a) and a small illustrative selection in the Table.
When further chimpanzees were injected in

Newcastle with Jakob-Creutzfeldt, kuru, multiple
sclerosis, and normal brain material, the opportunity
was taken of making longitudinal estimations of
scrapie-normal difference on their lymphocytes
(Field and Shenton, 1975). It was found that
Jakob-Creutzfeldt, kuru, and multiple sclerosis
brain (but not normal brain) produced a pro-
nounced initial but transitory scrapie-normal

TABLE

Pt. Age Sex Scrapie Normal Scrapie Normal SND SND Di sBrain Brain Spleen Spleen Brain Spleen Dagnosis

*Normals
1 28 F 1.8 1 -0.3 2.3 1 0.3 1 2.1 2.0
5 27 M 2.9 1 0.8 3.0 1 2.2 1 2.1 0.8

Miscellaneous diseases
46 68 F *0.5 0.4 1.0 0.6 0.1 0.4 lAbscess gum
49 68 F *3.8 2.4 2.9 2.5 1.4 0.4 Parathyroid adenoma

Ghiomas
50 39 M 21.5 1 13.3 1 9.8 0.9 8.2 1 8.9 1
52 54 F 19.1 1 13.9 1 7.7 1 2.5 5.5 5.2

Kuru chimpanzees
55 3 F 13.7 1 8.3 1 13.5 1.4 5.4 1 13.1
56 3 F 11.9 1 7.5 1 12.2 1.7 4.4 11.5

Jakob-Creutzfeldt disease
57 2 M 11.7 5.2 8.0 0.1 6.5 7.9 Chimpanzee
58 53 M 18.7 13.7 5.9 1.3 5.0 4.6

General paralysis of the insane
(neurosyphilis)

1 77 M 20.8 13.3 7.3 1.3 7.5 6.0
4 69 M 20.4 14.0 8.0 2.3 6.4 5.7

Other neurological diseases
3 55 M 15.5 13.5 4.7 0.3 2.0 4.4 Encephalitis lethargica
14 49 F 15.3 13.1 4.0 1.0 2.2 3.0 Motor neurone disease

Multiple sclerosis
1 32 F 15.4 9.8 5.9 1.8 5.6 4.1

11 51 F 15.9 10.8 11.3 6.3 5.1 5.0

Significances (on total results available)

Brain Spleen
OND v MS < 0.001 < 0.001
OND v GPI < 0.001 < 0.001
OND v Normal 0.02-0.01** 0.005-0.001
MS v GPI 0.05-0.025t 0.5-0.4

OND, other neurological disease; MS, multiple sclerosis; GPI, general paralysis of the insane.
* No increase in sensitization to brain: in the other conditions listed there is increased lymphocyte sensitization to brain (because of destruc-

tive lesions) and so high values with scrapie brain, too.
** Accepted as significant.
t Not accepted as significant.
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Scrapie: a review of its relation to human disease and ageing
difference, as expected. This remained low for the
ensuing few months and then in the case of Jakob-
Creutzfeldt and kuru rose again, while with the
multiple sclerosis it did not. This was taken to
mean that the infections (Jakob-Creutzfeldt and
kuru) had 'taken' even though the animals were
clinically well (and that no 'take' had occurred with
multiple sclerosis). In other words, there had been
'internal sensitization' against newly developed anti-
gens in the Jakob-Creutzfeldt and kuru inoculated
animals, which gave the same reactions as did scrapie
sheep lymphocytes when tested for scrapie-normal
difference.

Because of the general resemblances between
scrapie-Jakob-Creutzfeldt disease-kuru on the
one hand, and the ageing process on the other, re-
ferred to above, attempts were made to see if the
same new 'scrapie-like antigen(s)' also appeared in
normal ageing. Experiment soon showed that
lymphocytes from normal old people gave no in-
creased scrapie-normal difference, i.e. there was no
spontaneous sensitization to any new antigens
which might have appeared in ageing tissue; or, to
put it another way, if new antigens were emerging,
then they were being recognized by the body as
'self'. But what would happen if a guinea-pig were
presented with young normal tissue and old normal
tissue and asked if its recognitional system accepted
them as equivalent antigens ? Here the answer was
clear (Field and Shenton, 1973c). As the animal
(mouse or man) from which various tissues were
taken became older, the scrapie-normal difference
response induced in the guinea-pigs became greater,
so that a clear 'ageing curve' could be plotted (Fig.
1). Moreover, the tissues 'aged' (in terms of the
scrapie-normal difference they developed) at some-
what different rates. Both in man and mouse then,
as the tissues aged, new antigen(s) appeared which
were similar to (if not identical with) that appearing
in scrapie tissues ofyoung animals. An unexpected
link residing in the antigenic make-up of the tissues
was thus established between the ageing process
and the development of scrapie.
The question now arose as to the degree of simi-

larity between the new antigenic component(s) in
scrapie tissue and those in Jakob-Creutzfeldt
disease, kuru, and ageing. This problem could well
be attacked by the method employed by McDermott
et al (1974) in examining the relation between ence-
phalitogenic factor and measles virus antigen.
Briefly it depends upon a marriage of affinity chro-
matography and 'titration' of the number of speci-
fically sensitized lymphocytes by the MEM method.
Thus, it has been shown that, if measles antigen be
put on to a column of Sepharose-Biogel beads and

lymphocytes sensitized to encephalitogenic factor
put down the column, then a certain proportion of
the lymphocytes bind to the measles antigen, and
the number coming through the column can be esti-
mated and compared with that put in by the MEM
method (Caspary and Field, 1974). By putting
'ageing antigen' on column and passing scrapie
sensitized cells down the degree of cross-sensitiza-
tion might be estimated. Indeed, the technique
should be applicable mutatis mutandis to the very
wide problem of antigenic determinant sharing in
immunology.

Clearly the development of 'new scrapie-like
antigens' in ageing tissues is directly related to the
ingenious suggestion of Gibbons and Hunter (1967)
regarding molecular rearrangements in cell mem-
branes as the underlying 'cause' of scrapie. If this
is so, then scrapie (and kuru as well as Jakob-
Creutzfeldt disease) is a premature development
under an artificial stimulus (the injection of an al-
ready scrapie-aged fragment) of the spreading age-
ing rearrangement of the cell membranes.

It is interesting that the ageing change appears in
all tissues examined, but at somewhat different
rates (Fig. 7). A sample of blood cells (either red
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FIG. 7. Guinea-pig lymphocyte sensitization to scrapie and normal
brain test antigens (SND = scrapie-normal difference) after injection
with mouse tissues of different ages. (Courtesy of Gerontologia, 19,
211-219, 1973.)

or white) may be used for the test inoculum into a
guinea-pig (Fig. 8), that is as a 'biopsy' from the per-
son to be tested for ageing status. This opens up
the possibility of studying systematically genetic and
other influences on the ageing process in man and
animals, and invites studies of the effects of diseases
thought to 'age' people and also the 'immunological
age assessment' of very old subjects reported in
Ecuador and in Soviet Georgia. It may be men-
tioned that, while there is a strong genetic element
in the development of natural scrapie in sheep (see
above), there appear to be some examples at least of
familial incidence of Jakob-Creutzfeldt disease, too.
The famous Backer family contained 14 affected
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subjects in 4 generations (Kirschbaum, 1968; Jacob
et al, 1950; Bonduelle et al, 1971) and a further
example is the occurrence of the disease in 2
brothers and 1 sister (Davison and Rabiner, 1940).
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FIG. 8. Guinea-pig lymphocyte scrapie normal difference (SND)
after injection with lymphocytes from humans of different ages.
0 = male, 0 = female. (Courtesy of Gerontologia, 11, 211-219,
1973.)

The study can be extended to an analysis of the
site of the new antigenic determinants. Are they
limited to the plasma membrane (cell surface) as is
the case with the neo-antigen of human malignant
neoplasia (Dickinson et al, 1972) or do they affect
endoplasmic reticulum and nuclear membrane too ?
In the case of scrapie there is some evidence that all
subcellular constituents contain scrapie activity. Is
the development of a new surface conformation of
cell membrane a contributory factor to impaired
functioning as a unit of the collection of cells which
constitutes an organ ? And does this contribute to
the ultimate dissolution called 'death'?

Finally, the problem has spread to involve the
thymus gland. Since many features of 'runt'
disease which overtakes a proportion of neonatally
thymectomized mice and rats resemble a preco-
cious ageing, tissues from such animals were tested
for the development of scrapie-like antigens at
intervals after operation. A startingly precocious
development of scrapie-like antigen(s) occurred, as

shown by the development of high scrapie-normal
disease lymphocyte sensitization in guinea-pigs in-
jected with tissues from these animals (Fig. 9).
Sham operated animals 'aged' at the normal pace
(Field and Shenton, 1973d). Moreover, implants of
thymus from a 10-day-old mouse into neonatally
thymectomized animals, held up the development of
the scrapie-like ageing antigen(s) (Field and Shen-
ton, 1973e). The magnitude of the effect produced
by thymectomy was striking. Thus, 14 days after
removal of the gland, the scrapie-normal difference

evoked was greater than that produced by inocula-
tion of tissues from a normal 203-day-old mouse;
and a 48-day thymectomized animal gave a scrapie-
normal difference from both brain and spleen
greater than that from a normal 840-day animal.
The mechanism by which the thymus affects the
development of scrapie-like antigens in tissues is
unknown, though several writers (e.g. Fabris et al,
1972) have drawn attention to the relation between
thymus cells and the ageing process.

8~0

0

'* ' ~~SHAM thymectomies

0 10 20 30 40 50 60 70 80 90
Days post thymectomy

FIG. 9. Scrapie normal difference (SND) of lymphocytes of guinea-
pig inoculated 8 days previously with tissues of a neonatally thymec-
tomized mouse. (Courtesy of Gerontologia, 19, 211-219, 1973.)

It has been suggested that some of the changes in
the ageing brain may result from activation of latent
viruses with ageing (Gajdusek, 1971). However,
the writer's view is that ageing changes in tissues are
associated with physicochemical alterations in cellu-
lar membranes resulting in the appearance of anti-
genic determinants which also make their appear-
ance in the tissues of young scrapie animals.
Whether scrapie is, in fact, caused by an 'agent' re-
mains to be determined, and prolonged search by
many observers has not led to recognition of any
particular agent in the tissues (cf. Narang and Field,
1972; Cho and Greig, 1975). For the writer, the
presence of various viruses in ageing tissues may well
represent their emergence from a latent 'integrated'
state-perhaps within the host genome-when the
milieu becomes less satisfactory ('aged'), rather than
a causal relation with the changes of ageing.
Finally, it may be speculated that maintenance of
morphology while individual components are chang-
ing (as evidenced strikingly by radioactive tracer
studies in many tissues over the past two decades) is
at the core of the living process. If the accurate
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Scrapie: a review of its relation to human disease and ageing

turnover process fails at some point (and with the
passage of time it becomes more and more likely to
happen), then this may serve as a point of constraint
in Changeux's sense from which the process spreads.
The deliberate introduction of such a seeding point
is the artificial inoculation of 'scrapie agent'.

The author is indebted to Mr I. H. Pattison, A. R. C.
Compton, for Fig. 1. Fig. 2 to 6 are reproduced by
courtesy of Academic Press from Field (1969). Fig. 7
to 9 are reproduced by kind permission of Messrs.
Karger, Basel, from already published work cited.
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