
Review

Synthèse

Dr. Coulthart is with the
National Laboratory for Host
Genetics and Prion Diseases,
the Canadian Science Centre
for Human and Animal
Health, Health Canada,
Winnipeg, Man.
Dr. Cashman is with the
Centre for Research in
Neurodegenerative Diseases,
University of Toronto,
Toronto, Ont.

This article has been peer reviewed.

CMAJ 2001;165(1):51-8

See related article page 59

Abstract

THE PRION DISEASES POSE UNIQUE SCIENTIFIC, medical, veterinary and regulatory chal-
lenges. Here, we summarize current information bearing on the natural history,
pathobiology and epidemiology of these disorders and public policy responses to
the potential threats to public health posed, particularly, by bovine spongiform en-
cephalopathy and variant Creutzfeldt–Jakob disease (vCJD). Six years after the first
case reports of vCJD, there is still no clear indication of the magnitude of the pri-
mary epidemic, or of the likelihood of lateral transmission of this untreatable dis-
ease by iatrogenic means, particularly by blood and blood products. However, the
unsettling nature of the available evidence warrants prudence regarding public
health policy and regulation, as well as a forward-looking approach to research.

As a novel group of infectious diseases, prion diseases (also known as trans-
missible spongiform encephalopathies, or TSEs) present the clinician, the
scientist and the public health decision-maker with a range of distinctive

phenomena and challenges. These diseases have been recognized for decades,1 or
even centuries,2 as rapidly progressing, fatal, potentially transmissible neurological
syndromes found in both humans and animals. Examples of prion diseases that
affect different mammalian species include Creutzfeldt–Jakob disease (CJD),
Gerstmann-Sträussler-Scheinker syndrome, fatal familial insomnia, variant
Creutzfeldt–Jakob disease (vCJD) and kuru in humans; scrapie in sheep and goats;
mad cow disease (bovine spongiform encephalopathy, BSE) in cattle; chronic wast-
ing disease in deer and elk; transmissible mink encephalopathy in mink and feline
spongiform encephalopathy in domestic and captive cats.3–5

The accumulated evidence now strongly suggests that the sporadically, iatro-
genically and familially occurring forms of human prion disease, collectively termed
“classic Creutzfeldt–Jakob disease” (cCJD), do not currently constitute a serious
threat to the safety of the blood supply, despite strong evidence that this subset of
diseases can under certain circumstances be transmitted between individuals by iat-
rogenic routes.6,7 This rationale led to a policy decision by Health Canada in 1998
that recalls and withdrawals of blood products were not indicated by virtue of those
products’ association with donors found later to have developed cCJD.8 However,
the recent appearance in the United Kingdom of vCJD and BSE as novel prion dis-
eases has led to unprecedented challenges on several levels. Here, we review key
features of current scientific knowledge that has informed a different set of public
policy decisions9–11 concerning blood safety in relation to vCJD. We present an ar-
gument that can be summarized as follows: first, due to wide exposure of human
populations to an infective agent that causes a prion disease in cattle and is the
likely cause of vCJD, we face the possibility of a significant international epidemic
of vCJD in future decades; second, because vCJD, unlike cCJD, is a new human
prion disease, experience with it is still inadequate to conclude that it poses no
threat to the biological safety of blood products; and, third, although limited, the
data so far available concerning the distinctive pathobiology of vCJD are sobering
and point to a need to consider the possibility of its being transmissible by blood.
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Basic epidemiology, diagnosis and causes

The most common form of human TSE, sporadic CJD,
has been estimated to occur endemically at a rate of 0.5–1
case per million population per year.12 The clinical course
of sporadic CJD entails rapidly progressing dementia, with
death usually ensuing within weeks or months of onset; in
only about 10% of patients does survival exceed a year. The
median age of onset is in the seventh decade, with cases in
individuals aged less than 50 years being rare. No effective
treatment is available. In about one-third of sporadic CJD
cases, the initial presentation is “cerebellar,” with ataxia,
dysarthria and coordination defects. With disease progres-
sion, there may be pyramidal involvement, basal ganglionic
dysfunction, spinal cord involvement with motor neuron
degeneration (indicated by muscle atrophy and fascicula-
tions) and, frequently, myoclonus.

Definitive diagnosis of prion disease requires brain
biopsy or necropsy and neurohistopathological analysis.
There is no central nervous system inflammation of any
conventional type associated with prion disease. However,
in addition to more readily observable alterations (espe-
cially spongiform change, often accompanied by gliosis), a
critical observation in all prion diseases is the accumula-
tion in brain tissue of PrPSc, an abnormal, insoluble, pro-
tease-resistant amyloid form of a normal cellular protein
named PrPC (Fig. 1). (The term PrPSc, originally named
for its association with scrapie, is now most often used
generically to refer to native misfolded PrP; this is the
sense in which we employ it. Another term, PrPres, is used
to refer sometimes to the native misfolded form of PrP
and sometimes to the residual protease-resistant core of
PrPSc, also known as PrP 27–30. Here, we use PrP 27–30
to denote this protein fragment.) The pattern of accumu-
lation of PrPSc is also variable, appearing as distinct accre-
tions or plaques in a minority of sporadic cases and in
some inherited prion disease (e.g., Gerstmann-Sträussler-
Scheinker syndrome), or distributed diffusely, even to the
point of being invisible by direct immunostaining in situ
and detectable only by Western immunoblotting of brain
extracts. The protease resistance of PrPSc may contribute
to its accumulation in TSE-affected brain, as well as to the
ability of TSE infectivity to resist complete inactivation by
many physical, chemical and enzymatic treatments that
would normally be sterilizing for a conventional virus or
bacterium.13,14 This impressive resistance has contributed
to the current concern over the potential for transmission
of prion disease by blood, tissues, organs and medical
procedures.

The term TSE refers partly to the distinctive pattern of
vacuolating neuronal degeneration and loss found in the
brains of affected individuals. It also denotes the fact that,
although these diseases occur both sporadically (with no
traceable original cause) and in familial clusters (which are
linked to genetic mutations), they can also be directly
transmitted from one host individual to another within the

same species or even between widely diverged species. Such
infectious transmission of TSEs was first demonstrated ex-
perimentally with laboratory animals in the 1960s.15 How-
ever, it has also occurred accidentally, both in humans (in
artificial or unusual situations like neurosurgery, transplan-
tation, parenteral injection of hormones derived from ca-
davers and — for kuru — ritual cannibalism)16 and in ani-
mals, where TSE contamination of vaccines or feed has
been implicated. Spontaneous natural transmission (vertical
and horizontal) has also been inferred for some animal
TSEs such as scrapie, BSE and chronic wasting disease, al-
though such claims remain controversial and the potential
mechanisms are poorly understood.4 Convincing evidence
for spontaneous horizontal transmission of prion disease
between humans has never been adduced, although some
intriguing observations would seem to offer hints to the
contrary.17

The current leading biological explanation for the cause
of TSEs invokes a novel mechanism that not only impli-
cates PrPSc as a pathognomonic marker and a pivotal com-
ponent of pathogenesis in these diseases, but also postu-
lates that this molecule acts as a nonliving infective agent
composed solely of protein: a proteinaceous infectious par-
ticle, or prion.18 This claim is the basis of the prion hy-
pothesis, for which Dr. Stanley Prusiner was awarded the
Nobel Prize for Physiology or Medicine in 1997.5 It has
not yet been demonstrated to the satisfaction of all biolo-
gists that the infectivity and other biological behaviour of
TSEs are independent of a nucleic acid genome like that
found in conventional infective agents.19–22 However, many
now do believe that, in some fashion that has yet to be
completely elucidated, inoculation of a susceptible host
even peripherally with a minute quantity of PrPSc can be
sufficient to initiate a systemic cascade of recruitment of
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Fig. 1: Schematic depiction of the prion hypothesis. A nor-
mally folded cellular form of the prion protein called PrPC,
which consists largely of αα helix, for unknown and perhaps di-
verse reasons adopts an alternative conformation (PrPSc) that
is rich in ββ-sheet structure, has a tendency to aggregate and
possesses additional properties that lead directly or indirectly
to CNS toxicity. Once formed, molecules in the misfolded
conformation have a tendency to stimulate the formation of
additional PrPSc by post-translational recruitment of PrPC.

PrPC PrPSc



the host’s endogenous PrPC into the misfolded form.
PrPSc then accumulates in neural tissues to a degree and in
a fashion, again that is not well understood, that ultimately
causes neurotoxicity, neurodegeneration and death. The
estimated 10%–15% of human prion disease cases that are
associated with dominant mutations in the autosomal
gene, PRNP,23 that encodes PrPC are thought to result
from subtle alterations in PrPC structure or stability, or
both. Such alterations, in turn, presumably have a marked
effect on the lifetime risk of a spontaneous occurrence of
widespread pathogenic misfolding into PrPSc and conse-
quent pathology, leading to a clear pattern of highly pene-
trating inherited disease. In sporadic cases of CJD, the
point of origin for such a cascade of PrP misfolding and
pathogenesis is far from clear. However, the prion hypoth-
esis would be consistent with initiation by a mechanism
originating with random somatic events of protein mis-
folding, or perhaps somatic mutation predisposing to such
misfolding.

BSE and vCJD: coemergence of 2 novel prion
diseases

BSE

In December 1986, the Central Veterinary Laboratory
in Weybridge, England, made the first formal diagnosis of
a novel prion disease in cattle, namely, BSE.24 A rapid rise
in the incidence of BSE ensued in the UK over the follow-
ing months. Although the precise origins of BSE in British
cattle remain uncertain,25,26 the epidemic trend was inferred
to be the result of infectious oral transmission to cattle via
feed supplements containing rendered bovine protein into
which tissues from BSE-affected cattle had been acciden-
tally incorporated.27,28 Legislative measures to curb the
transmission of BSE were initiated by the government of
the UK in summer 1988, with the imposition of a rumi-
nant-to-ruminant feeding ban, institution of compulsory
disease notification and a program to destroy affected ani-
mals, as well as the herds to which they belonged. Addi-
tional measures imposed later included the following: first,
an extension of the ruminant-to-ruminant feeding ban to
include prohibition of the use of mammalian protein in any
ruminant feedstuffs and prohibition of the use of mam-
malian meat-and-bone meal in feed destined for any
farmed animal species; second, the Specified Bovine Offals
ban of November 1989 — later extended to other poten-
tially hazardous materials (Specified Risk Materials) —
which prohibited the use of certain bovine tissues and or-
gans for human consumption that, by analogy with sheep
scrapie, posed the largest risk of harbouring TSE infectiv-
ity, although they were otherwise suitable for use in human
food; and, third, the implementation in May 1996 of the
Over Thirty Month Scheme, according to which no bovine
animal over the age of 30 months would be permitted to
enter the human food chain.

Human exposure to BSE

These legislative actions were designed both to bring the
BSE epidemic under control and to minimize the risks to
human health posed by possible interspecies transmission of
the infection. Nevertheless, the incidence of BSE in the UK
continued to rise steadily until 1992, when it reached a
yearly peak at 36 680 confirmed cases, and after which it has
continuously declined to a total of 2254 cases in 1999 and a
nearly complete total in 2000 (1308 as of Feb. 2, 2001) that
is consistent with a continuing decline.29 Although this trend
is very encouraging, and it is hoped that BSE will have been
eradicated from the UK by some time early in the first
decade of the 21st century, between December 1986 and
Feb. 2, 2001, a total of 177 706 cases of BSE had been for-
mally diagnosed in that country.28 Furthermore, because of
the protracted asymptomatic incubation period of BSE (es-
timated to be 4–5 years on average), in excess of 700 000 in-
fected animals are estimated to have been slaughtered and
unknowingly consumed, with perhaps 40 000 of these being
in an advanced state of disease development.30

Another sobering consideration is that, because of the
typically broad distribution of foodstuffs containing bovine
products, according to one recent estimate31 one infected
animal could expose up to 500 000 consumers to BSE. To
complicate matters further, very recent evidence32 suggests
that prion infectivity can propagate in experimental inocu-
lations across species boundaries, in the absence of any
clinical signs in the recipient animals. If such phenomena
have occurred in species other than cattle (e.g., sheep, pigs
and poultry) that were also exposed to BSE through conta-
minated feed, these species could also have contributed to
the total level of human exposure. This suggests that a
large and unknown portion of the British population has
been exposed at some level to the infectious agent of BSE.
In addition, cases of BSE from outside the UK reported up
until Feb. 16, 2001, total 3291 in 15 different countries,33

including one case that occurred in Canada in a bull im-
ported from the UK.34 Because of these BSE cases from
outside the UK, as well as broad interactions between the
UK and other countries (e.g., tourism, trade, migration),
the risk to humans currently residing outside the UK of
having had primary (e.g., foodborne) exposure to this TSE
agent cannot be discounted.

vCJD

Concerns over the possibility of transmission of BSE to
humans led to the re-establishment in 1990 of a compre-
hensive system of national surveillance for CJD in the
UK.35 Because it was not known a priori in what form hu-
man prion disease resulting from exposure to BSE might
appear clinically, this surveillance was directed not neces-
sarily toward the identification of a novel clinical syn-
drome, but toward detection of any rise in the incidence of
human prion disease against a comprehensively enumer-
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ated and characterized background of endemic disease. In
fact, it was against such a well-characterized, relatively con-
stant background incidence of cCJD cases (including those
with identifiable genetic and iatrogenic causes) that a series
of 10 cases of a novel clinical form of CJD was first ob-
served and reported.36 This syndrome — initially named
“new variant CJD” (nvCJD) but now simply “variant CJD”
(vCJD) or Will–Ironside syndrome — presented a clinical
picture that, when considered in all of its aspects, con-
trasted strikingly with that of all forms of cCJD. Since the
onset of the first reported case in 1995 and up to Feb. 5,
2001, a total of 94 definite and probable cases of vCJD have
been referred to the UK CJD Surveillance Unit in Edin-
burgh,37 with an additional 2 confirmed cases and 1 proba-
ble case in France and 1 in the Republic of Ireland.

Perhaps the most striking clinical difference between clas-
sic and variant CJD is the downward shift in average age for
individuals affected by the latter disease. The median age at
death of the 52 definite and probable cases of vCJD iden-
tified in the UK up to the end of January 2000 was
29 years (range 14–53 years), as compared with a median age
at death of 65 years for classic sporadic CJD diagnosed under
the same surveillance system.38 The rate of progression of
vCJD is marginally slower than that of cCJD (mean duration
14 months, range 7–38 months for the 52 cases mentioned
above, compared with a median duration of less than 1 year
for cCJD). Certain clinical features, which are very rare in
cCJD, are common in vCJD:39–41 involuntary movements are
virtually universal, and sensory symptoms (often painful) oc-
cur in about 50% of affected individuals. “Psychiatric” pre-
sentation of the disease (depression and anxiety) is common,
confounding clinical suspicion of vCJD. Paraclinical diag-
nostic data also differ between the 2 syndromes: on elec-
troencephalography the classic periodic triphasic wave com-
plexes of cCJD are not observed in vCJD, and MRI brain
signal hyperintensities differ in frequency and distribution.42

vCJD also appears to be a distinct neuropathological entity,
characterized by marked brain accumulation of PrPSc, some
of which is in plaques surrounded by prominent spongiosis
(“florid” or “daisy” plaques).36,43

Evidence for a causal link between BSE and
vCJD

Obviously, a direct demonstration of transmission of
BSE to humans is ethically inconceivable, and given that no
specific exogenous nucleic acid genome has yet been associ-
ated with TSEs, we cannot apply the powerful methods of
“molecular epidemiology” whereby microbial genetic
markers are used to trace transmission pathways for infec-
tious disease.44 Nevertheless, the total evidence available so
far (Table 1) strongly implicates exposure to BSE, most
probably through contaminated food or other bovine-
derived products, as the key risk factor for vCJD and very
probably its cause through interspecies transmission of an
infective agent.

Estimation of risk for secondary transmission
of vCJD

Pathobiology and potential transmissibility

Awareness of the potential for transmission of vCJD via
blood or peripheral tissues was heightened recently by the
publication of 3 sets of findings in the UK. The first of
these was the immunocytochemical demonstration of PrPSc

deposits in lymphoid tissue in the excised appendix of a 48-
year-old man who underwent an appendectomy 8 months
before he exhibited clinical signs of vCJD.70 PrPSc deposits
had been demonstrated by similar means in the tonsils of
patients with diagnoses of vCJD.71 These observations indi-
cated clearly that the pathological hallmark of prion disease
(and, thus, by extrapolation, TSE infectivity) could be
found months before the appearance of neurological symp-
toms in peripheral lymphoid tissue (such as tonsils, the ap-
pendix, lymph nodes or the spleen) of patients with vCJD.

The second set of results72 indicated that PrPSc deposi-
tion in peripheral lymphoid tissues of patients with vCJD
was not an isolated finding but, rather, a highly repro-
ducible pattern. In their study, Collinge’s laboratory found
that such deposits could be detected readily in tissue from
40 lymph nodes, 68 tonsils and 64 spleens of a series of pa-
tients with diagnoses of definite or probable vCJD, but not
in any of a series of corresponding tissue samples taken
from control individuals who were either healthy or had di-
agnoses of cCJD or other neurological disease. One inter-
pretation of these data is that, in association with its puta-
tive peripheral route of entry and early propagation in
lymphoid tissues before the stage of neuroinvasion, vCJD
infectivity accumulates to much higher levels in peripheral
tissues than does cCJD infectivity. Combined with the
demonstrated presence of PrPC on the surfaces of diverse
types of circulating blood cells,73 which may provide a bio-
chemical substrate for agent propagation or transport in
blood, or both, this would suggest in turn that presymp-
tomatic individuals infected with vCJD may present a very
different set of risks for secondary transmission through
donated blood or via other routes than do individuals in the
asymptomatic phase of conventional CJD.

The third, very recently reported finding is that whole
blood transfused from a single sheep that had been experi-
mentally infected with BSE by the oral route was appar-
ently capable of transmitting the same disease to a recipient
sheep, as early as midway through the asymptomatic incu-
bation period of the donor animal.74 This report has been
criticized as premature, given the single observation and
the currently incomplete status of the experiments,75 how-
ever, because of the positive match in glycoform patterns
between the donor and recipient PrP 27-30s, it seems
probable that these early results will be borne out by the
full experiment. This work has provided the first experi-
mental evidence of bloodborne transmission of BSE-derived
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prion infectivity in any species — including sheep-to-sheep
transmission of scrapie — and raises the question whether
this finding can be extrapolated to vCJD in humans. The
findings also complement those of ongoing work in rodent
models, where the presence of low levels of blood infectiv-
ity has been confirmed in advanced preclinical stages fol-
lowing intracerebral inoculation.6

One careful quantitative assessment of secondary vCJD
disease risk per infected vCJD blood donation76 used conserva-
tive, empirically supported assumptions (e.g., concentration
of infectivity in donated blood; degree to which current
harvesting and manufacturing processes dilute, remove or
inactivate the vCJD agent and distribute it among different
fractions; age distribution and expected lifespan of recipi-
ents of infectious materials; incubation periods from expo-
sure to clinical disease, and so on) to construct a statistical
model and a “base case” scenario for bloodborne transmis-

sion of vCJD in the UK. The author admitted that the as-
sumed values of many of the variables incorporated remain
highly uncertain, so that the estimated values of output pa-
rameters of the model may in reality diverge widely in ei-
ther direction from those of the base case. To offset this
weakness, which is inherent in complex statistical models of
this type, “sensitivity analyses” were also carried out by sys-
tematically changing the key input variables over a range of
plausible values. For example, in the base case, one impor-
tant output parameter was that approximately 0.8 new cases
of vCJD could be expected per infected blood donation.76

However, this estimate was strongly influenced by the in-
put estimate of vCJD infectivity levels in blood. In the base
case, this input value was derived from those found in the
blood of experimental rodents infected with cCJD (i.e., ap-
proximately 1 ID50 per mL of whole blood). If the level of
infectivity in vCJD blood was assumed for instance to be 10
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Table 1:  Evidence for vCJD resulting from transmission of BSE to humans

Type of evidence Key results/observations Comments/conclusions References

Epidemiological vCJD diagnosed first in the UK, after the peak
of the largest epidemic of BSE

Striking coincidence of vCJD and BSE in
time and space

45–56

Majority of vCJD cases (94 definite + probable
to Feb. 5, 2001) have occurred in the UK

Alternative explanations involving
conventional biological agents or
chemical toxins46-48 have been criticized

2 definite cases and 1 probable vCJD case in
France, also currently experiencing BSE
epidemic

TSE in lemurs in French zoos fed bovine
materials considered fit for human
consumption

Spongiform encephalopathies in domestic and
zoo animals in the UK
Spongiform encephalopathies in French zoo
primates

Experimental
transmission

Cattle highly susceptible to oral infection with
BSE

Proof in principle of interspecies
transmissibility of BSE, including
transmissibility to primates

57–60

Pigs, sheep, goats, macaques, marmosets
susceptible to intracerebral or peripheral
inoculation, or both
Lemurs susceptible to a single oral dose
(0.5 g BSE brain)

Bioassay of TSE
infectivity in bovine
tissues

Mouse bioassays indicate highest infectivity in
brain, spinal cord, retina

Experiments in cattle ongoing 61–64

Intracerebral inoculations of calves suggest
small or intermittent infectivity, or both, in
distal ileum, bone marrow

Bioassays in nontransgenic mice are
estimated to be orders of magnitude less
sensitive than those done directly in
cattle

Strain typing Biological strain phenotypes (incubation time,
brain lesion profile) of BSE and vCJD in
experimental wild-type and transgenic mice
are highly similar to, yet distinct from, those of
conventional CJD and sheep scrapie

Precise biological and biochemical
basis for TSE strains is currently
unknown; therefore, strain “typing” is
defined empirically

65–69

Biochemical typing (Western blot profiling of
PrPSc glycoform molecular sizes and
abundance ratios) shows BSE and vCJD to be
similar to, yet distinct from, conventional CJD
and sheep scrapie

Note: vCJD = variant Creutzfeldt–Jakob disease, BSE = bovine spongiform encephalopathy, TSE = transmissible spongiform encephalopathy.



times higher, the number of new cases of vCJD expected
per infected donation estimated by the model rose to 3.6.
With an infectivity level of 100 ID50 per mL, this figure
rose still further to 35.4. Assuming a lower level of blood
infectivity had the opposite but proportionally smaller ef-
fect. As another example, changing the median incubation
period from the basal value of 15 years (log-normal distrib-
ution, 99% range 5–40 years) to 5 years or 30 years altered
the model output much less markedly, by raising the esti-
mate to approximately 1.2 and lowering it to approximately
0.5 new cases per infected donation respectively.

Size of the primary epidemic of vCJD

Taken together with the epidemiological features of
BSE itself and the magnitude of the resulting human expo-
sure (see previous section), current evidence for the
zoonotic origin of vCJD indicates that a human epidemic
— on some as-yet-undetermined scale ranging from hun-
dreds of individuals to tens or even hundreds of thousands
— of primary (BSE-related) vCJD cases is expected to con-
tinue in the UK and Europe over the next few years to a
decade or more. Clearly, any reliable estimate of the num-
ber of cases in the UK could provide an indication of what
other, less-exposed countries, such as Canada, can expect.
So far, however, such an estimate has proven elusive.

Computer simulation studies have shown that, even
when restricting assumptions are placed on epidemiological
scenarios, for example, that only individuals homozygous
for a common polymorphic allele encoding methionine at
codon 129 in PRNP are susceptible to infection by BSE, it
remains difficult to estimate usefully the total magnitude of
the human vCJD epidemic by extrapolation from the cur-
rent surveillance data.77–79 The most recent report derived
by this approach79 suggests that the absence of a marked in-
crease in numbers of vCJD cases in 1999 compared with
1998 is consistent with a total epidemic of most probably
fewer than 6000 cases, unless one assumes that the mean
incubation period approaches the mean lifespan, in which
case the projected total rises to 136 000. The authors go
farther and postulate that, if the total annual incidence of
vCJD in the UK remains at or below 15 cases during
2000–2002, even with such a protracted mean incubation
period the total falls to 20 000.79

Relevant to this point is a very recently published statis-
tical analysis of the UK CJD surveillance data from 1994 to
June 30, 2000, which shows that, when analyzed for the
presence of significant trends in the annual incidence of
vCJD onsets and deaths, the data are consistent with an av-
erage 23% annual increase in incidence of onsets and a
33% annual increase in death rate over that period.80 In
fact, as of Feb. 5, 2001, the total number of deaths in the
UK definitely caused by vCJD stands at 26 for the year
2000, with an additional 2 probable cases awaiting post-
mortem examination,36 indicating that the total number of
deaths for last calendar year is twice the 1999 total of 14.

This observation would seem to imply that the most opti-
mistic scenarios developed by Ghani and colleagues79 are
not particularly likely to apply, especially if we relax the
somewhat restrictive assumption that only methionine/
methionine homozygotes are susceptible.

The uncertainty inherent in such extrapolations is com-
pounded by the possibility that the epidemic curve may be
“multiphasic,” reflecting incidence of disease onset in vari-
ous population subgroups that may vary in susceptibility or
exposure factors such as genotype, age at exposure, or inten-
sity, level or route of exposure. For example, all confirmed
definite or probable vCJD cases sequenced by the UK CJD
Surveillance System have been homozygous for the methio-
nine-encoding allele at codon 129 of PRNP,38 despite a fre-
quency in the general white population for this genotype of
about 35%. Genotype at this polymorphic genetic site has a
well-known correlation with susceptibility to sporadic
CJD,16,81 and the human subpopulations carrying the other 2
known genotypes at this site, encoding methionine/valine
and valine/valine, could be differently susceptible to vCJD
or express its symptoms differently, or both. This effectively
means that, even if the shape of the current incidence curve
begins to become apparent in the next few years, it is by no
means certain that the course of the entire epidemic will
then be predictable. Because of the possibility that genotype
could modify disease expression, it is also conceivable that
more than one variant CJD syndrome may emerge from the
same BSE-related human epidemic in the UK, thus present-
ing additional challenges for diagnosis and surveillance.

Epidemiological study of the first-identified peripherally
acquired human prion disease, kuru, has also yielded some
intriguing results that are relevant to attempts to predict the
future course of the vCJD epidemic. First, despite the
abrupt decline and likely termination of exposure to this in-
fectious illness among the Fore people of Papua New
Guinea around 1960, due to cessation of traditional canni-
balism, clinical cases continued to appear at a low rate well
into the 1990s.2 This indicates that, in the case of transmis-
sion of prion disease  among humans via a peripheral (oral?)
route, the incubation period from exposure to clinical dis-
ease can be at least as long as 30 years, and perhaps longer.
If this pattern applies to vCJD (for which the statistical dis-
persion of incubation periods may be conjectured to be even
broader, because of the relative inefficiency of interspecies
transmission), then the total duration of the present epi-
demic may be comparable to that of kuru. In fact, in a simi-
lar vein, Collinge82 has recently proposed that it is perhaps
more plausible that the present cohort of patients with
vCJD has resulted from exposure of individuals early in the
course of the BSE epidemic than to suppose that these ex-
posures occurred during its peak. Second, in a study83 of the
distribution of the PRNP methionine/valine polymorphism
among 92 patients with kuru, it was found that, despite sim-
ilarity in clinical presentation, homozygotes at this codon
position showed a reduced average age of onset and dura-
tion of illness compared with methionine/valine heterozy-
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gotes. This observation is consistent with the suggestion
that the vCJD incidence curve may be genetically “multi-
phasic,” which again would lead to serious consideration of
the possibility of an epidemic of protracted duration.

The results of a direct approach to the estimation of
vCJD prevalence, using immunohistochemical staining of
archived tissues from 3170 appendectomies and tonsillec-
tomies to search for diagnostic deposits of PrPSc, proved
completely negative.84 Despite the fact that these results are
encouraging, caveats must be applied, because fixed tissues
may on average yield lower sensitivities for such examina-
tion. Partly for this reason, a prospective tissue-based preva-
lence study is currently being planned. However, even if the
technical obstacles are overcome, it may prove difficult on
the basis of a possibly very low rate of positives to estimate
population prevalence with useful statistical precision.85

Conclusion

What this discussion highlights is that, aside from the
difficulties inherent in detecting trends in data consisting of
small numbers of observations, it is difficult to move with
any precision, with a novel, complex and slowly progressing
infectious disease such as vCJD, from the distribution of
dates of death per se to the shape, size and dynamics of a
possibly much larger epidemic curve. We also lack critical
basic knowledge of the infection process and its dynamics,
which could help to estimate the risk of secondary trans-
mission, assuming infection in a blood donor. Despite a
comprehensive CJD surveillance system86 that has been in
full operation by Health Canada since 1998, there has not
yet been a case of vCJD identified in Canada, and the prob-
ability of this occurring cannot presently be reliably esti-
mated. In the final analysis, it may never be possible to pre-
dict precisely the quantitative features of the vCJD
epidemic in the UK, and a policy of waiting until the pat-
tern becomes clear from data from existing cases may be
tantamount to ensuring that the best opportunities for early
intervention are missed. Because countries other than the
UK (including Canada) may be significantly affected by
vCJD, it would seem prudent to treat the threat to Cana-
dian public health from bloodborne transmission of vCJD
as not purely theoretical, but as real and large enough to
warrant intensified efforts in prion disease surveillance,
prevention and research. Arguably, one of the highest pri-
orities here is the development of a screening test for prion
infectivity in blood, for which candidate technological plat-
forms (so far based on ultrasensitive fluorescence detection
of PrPSc) are beginning to appear.87,88 This novel and diffi-
cult task will require international cooperation and long-
term validation studies to succeed.89
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