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Kuru in the 21st century—an acquired human prion disease
with very long incubation periods

John Collinge, Jerome Whitfield, Edward McKintosh, john Beck, Sitnon Mead, Dafwdd | Thomas, Michae! P Alpers

Summary
Background Kuru provides the principal experience of epidenic human pnon disease. Its incidence has steadily fallen

after the abrupt cessation of its route of transmission (endocannibalism) in Papua New Guinea in the 1950s. The
onset of variant Creutzfeldt-Jakob disease (vC]D), and the unknown prevalence of infection after the extensive dietary
exposure to bovine spongiform encephalopathy (BSE) prions in the UK, has led to renewed interest in kuru. We
investigated possible incubation periods, pathogenesis, and genetic susceptibility factors in kuru patients in Papua
New Guinea.

Methods We strengthened active kuru surveillance in 1996 with an expanded field team to investigate all suspected
patients. Detailed histories of residence and exposure to mortuary feasts were obtained together with serial neurological
examination, if possible.

Findings We identified 11 patients with kuru from July, 1996, to June, 2004, all living in the South Fore. All patients
were born before the cessation of cannibalism in the late 19505, The minimum estimated incubation periods ranged
from 34 to 41 years. However, likely incubation periods in men ranged from 39 to 56 years and could have been up to
7 years longer. PRNP analysis showed that most patients with kuru were heterozygous at polymorphic codon 129, 2
genotype associated with extended incubation periods and resistance to prion disease.

Interpretation Incubation periods of infection with human prions can exceed 50 years. In human infection with BSE
prions, species-barrier effects, which are characteristic of cross-species transmission, would be expected to further
increase the mean and range of incubation periods, compared wnh recycling of prions within species. These data
should inform attempts to model variant CJD epidemiology.

Kuru is one of a group of closely related neurodegenerative
conditions that affect both human beings and animals,
known as the transmissible spongiform encephalopathies
or prion diseases.’ Prion diseases are associated with the

. accumulation in the brain of an abnormal, partly

2068

protease-resistant, isoform of a host-encoded glycoprotein
known as prion. protein (PrP). According to the protein-
only hypothesis, an abnormal PrP isoform is the main,
and possibly the only, constituent of the transmissible
agent or prion.

The large-scale epidemic of bovine spongiform
encephalopathy (BSE) in the UK led to fears of a serious
threat to public health. Since 1996, cases of a novel
human prion disease, variant Creutzfeldt-Jakob disease
(vC]D), have been identified in the UK, and strain typing
has confirmed that both vCJD and BSE are caused by the
same prion strain.’ Dietary exposure of the UK population
to BSE prions has been widespread; the total cattle
epidemic is thought to have affected 2 million cows.?
Cattle BSE has also been reported in most EU states,
Israel, Switzerland, Canada, the USA, and Japan. So far,
about 160 vCJD patients have been identified in the UK,
with cases also reported in France, Italy, Ireland, the
Netherlands, Canada, Japan, and the USA. Predictions of
the eventual size of a vC]JD epidemic have varied widely,
although some recent estimates, based on current cases
of vCJD, suggest that the total epidemic may be relatively
small.! However, key uncertainties, notably with respect
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to major genetic effects on the incubation period,* suggest
the need for caution. Importantly, such models cannot
estimate the number of infected individuals, which
remains unknown, and concerns of secondary
transmission have heightened® These uncertainties,
especially with the possibility of very long incubation
periods of BSE in people, have renewed interest in kuru,
which remains the only example of a major human
epidemic.

Kuru reached epidemic proportions in a defined
population of the Eastern Highlands of Papua New
Guinea. Local oral history, taken when the disease was
first studied by western medicine in the 1950s, dated the
onset of the first cases to the 1920s. Kuru mainly affected
the people of the Fore linguistic group and also their
neighbours with whom they intermarried. The disease
predominantly affected women and children {of both
sexes), with only 2% of cases in adult men;* kuru also
became the most common cause of death in women in
affected villages. Kuru is a cerebellar syndrome with a
characteristic and relentless progression through defined
clinical stages, and is invariably fatal. Cognition is fairly
preserved, and the disease is highly distinctive and is
usually recognised easﬂy by both the patients and their
local community.*

These communities practxsed the consumption ritual
of dead relatives as 2 mark of respect and mourning.
Boys older than 6-8 years participated little in mortuary
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feasting, which could explain the differential age and sex
incidence. From the age of the youngest affected patient,
the shortest incubation period is estimated to be 5 years,
although this time could be shorter, since time of infection
is usually unknown.

Genetic susceptibility is important in both the sporadic
and acquired forms of human prion disease; human PrP
has a common polymorphism, with either methionine or
valine present at residue 129. About 38% of Europeans are
homozygous for the more frequent methionine allele,
51% are heterozygous, and 11% homozygous for valine.
Most sporadic CJD occurs in individuals homozygous for
this polymorphism.” This susceptibility factor is also
relevant in the acquired forms of CJD, most strikingly in
vCJD; all dinical cases studied so far have been
homozygous for codon 129 methionine of the PrP gene
PRNPS The PRNP codon 129 genotype has shown a
pronounced effect on kuru incubation periods and
susceptibility, and most elderly survivors of the kuru
epidemic are heterozygotes.* The clear survival advantage
for codon 129 heterozygotes provides a powerful basis for
selection pressure in the Fore. However, an analysis of
worldwide haplotype diversity and allele frequency of
coding and non-coding polymorphisms of PRNP suggests
that balancing selection at this locus (in which there is
more variation than expected because of heterozygote
advantage) is much older and more geographically
widespread. Evidence for balancing selection has been
shown in only a few human genes. With biochemical and
physical evidence of cannibalism on five continents, one
explanation is that cannibalism resulted in several prion
disease epidemics in human prehistory, thus imposing
balancing selection on PRNP?

Kuru was extensively studied at its peak in the late 1950s
and early 1960s and monitoring was continued through
the Papua New Guinea Institute of Medical Research. We

strengthened active kuru swveillance in 1996 and aimed
to study all patients with kuru until the end of the
epidemic. Here, we aimed to determine the maximum
period possible for incubation in human prion infection
and to investigate genetic factors in recent patients with
kuru. The abrupt interruption of tfansmission of kuru,
after the effective prohibition of cannibalism by Australian
authorities in the mid-1950s, allows a unique opportunity
to investigate the incubation period of infection as a key
variable in human prion disease. Our findings of detailed
dlinjcal features and mortuary feast practices will be
reported elsewhere.

Methods

Research ethics .

Our study was approved by the Papua New Guinea Medical
Research Advisory Committee and by the local research
ethics committees of St Mary's Hospital and National
Hospital for Neurology and Neurosurgery, in London, UK.
The full participation in the project from the communities,
which was critical with respect to the ethics and operation
of the study, was established and maintained through
discussions with village leaders, communities, families,
and individuals, and the field studies followed the
principles and practice of the Papua New Guinea Institute
of Medical Research.

Kuru surveillance and dinical studies

A field base and laboratory was established in Waisa in the
South Fore. A team of local kuru reporters communicated
details of any suspected case to the field base. 50 suspect
cases investigated during this period proved not to have
kuru. The field team consisted of staff from the UK Medical
Research Council (MRC), the Papua New Guinea Institute
of Medical Research, and local communities, who
undertook regular field patrols throughout the kuru-

‘ Patients’ initials are based on name and coded. *Cakculated conservatively asthe number of years between 1960 and onset of kuru (assuming fatest possible exposure at mortuary feast in
i 1959). This period would be an underestimate (in some cases of many years) of the actual incubation period (measured from the data that infection was actually acquired). The maximum
; incubation period possible (in the evert of neonatal infection] would be the same as age at anset. tSince male individuals were unlikely to be infected after age 6-8 years, the ikely

i minimum incubaticn pericd can be caleulated asthe number of years from age 7 years to disease onset, which is also 3 conservative estimate, since actual infection could have taken place

{upto 7 years) caier. F=female, Memale, nfa=not available

Sex  Yearofbirth Onset Ageatonset Ageatdeath PRNP 129 genotype Minimumincubation  Likely incubation 3

{years) (years) period (years)* period (years)t i

PKW F 1946 August, 1595 49 50 Heterozygous 35 g

YAK M 1948 November, 1994 46 48 Heterozygous 34 39 §

MWK M 1933 April, 1996 63 64 Methionine homazygous 36 56 !

AlA M 1949 Novemnber, 1996 47 49 Heterozygous 36 40 ‘

| ava M 1936 November, 1938 62 & la 38 5 i

OTAM F 1945 March, 1939 4 55 Valine homozygous 39 ' i

AYY M 1940 | June, 1998 58 60 Heternzygous 38 51 !

WEKW " 1943 January, 1999 56 57 Heterozygous 39 43

MAA F 1944 April, 1989 55 57 Heterozygous 39
‘ ING F 1842 January, 2000 58 59 Heterozygous 40

Loxaw M 1983 October, 2001 58 60 Heterozygous 4 5 :

i

. Teble 1: Estimation of kuru incubation pariods in 11 patients identified in current study

weww thelancet.com Vol 367 June24, 2006
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Figure 1: Area and Fore groups historically affected by kuru in the Eastem Highlands Province of Papua

affected area, which included the North and South Fore,
Keiagana, Kanite, and Gimi linguistic groups. The
fieldworkers had to work under very difficult conditions
during the swveillance, and heavy-vehide rescue
equipment and a six-man team were needed at times to
proceed with the project. Security issues intermitiently
affected our ability to travel to and from the field site.
Regular field neurological examinations were done when
possible and recorded by video and photography. Case
histories and patierns of exposure to mortuary feasts were
also documented.

Molecular genetic studies

We extracted genomic DNA from venous blood to
determine the complete coding sequence of PRNP
(PrP gene).” Papua New Guinean control genotype data
were obtained by restriction endonuclease digestion of
PCR amplicons (for comparison with APOE [apolipo-
protein E] and PRND [Doppel, a prion-protein-like protein]
genes), and allelic discrimination with the ABI SDS7000
sequence detection system (for comparison with codon
129 polymorphisms and haplotypes of PRNP). We
identified HLA-DQB1 alleles by automated fluorescent
sequencing of PCR amplicons using the Amersham
MEGAbace DNA analysis system (Amersham, UK).

Role of the funding source

The sponsor of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report. The corresponding author had full access to all
the data in the study and had final responsibility for the
decision to submit for publication.
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Results

The total number of cases of kuru from 1957 to 2004
exceeded 2700, with more than 200 dying every year in the
late 1950s. This number fell to about six a year in the early
1990s and between one and two a year during the study;
since July, 1996, we identified 11 kuru patients up to the
end of June, 2004,

" Table 1 shows the ages at onset of all 11 patients in the
study. Age might not be accurately known or reported by
individuals in these communities, but can be reliably
and accurately estimated by reference to family
relationships and clearly defined recent historical
evenis." Figures 1 and 2 show the area and populations
historically affected by kuru. All patients identified in
the current study were from the South Fore, now that
kuru has disappeared from the North Fore and adjacent
linguistic groups (figure 2).

On the basis of a conjunction of experimental,
epidemiological, and human behavioural evidence,” we
can assume that all transmission through the traditional
mortuary practice had ceased by 1960. The practice had
been important to the Fore people as a way of respecting
their dead relatives, but it was rigorously forbidden by
Australian Government officers in one of their first acts of
administrative control after making contact with the
people, when the Okapa patrol post was established in
1954. Public consumption of dead relatives ceased almost
immediately and compliance was ensured by the police
force responsible for the subdistrict By 1956,
endocannibalism was effectively gone. Surreptitious
eating of dead relatives had been reported in remote
communities for some years afterwards, but by the end of
the 1950s the practice had ended. Epidemiological
surveillance for kuru began in 1957 and has been continued
ever since. Because of the wide geographical extent of the
families participating in a feast, secret feasting with entire
families taking part would not have gone undetected. The
communities of the North Fore, who had been the first of
the Fore people to lose their traditional practices in the
wake of Australian administrative control, ended their

.mortuary feasting at the beginning of the decade or earlier,

kuru is no longer present in this area. The latest year of
birth recorded for any patient with kuru is 1959; only nine
patients are recorded as being bom since 1956. These
individuals were mostly young patients and their ages at
onset could have been underestimated by a few years.
Therefore, for practical purposes, we can assume that all
transmission through the traditional mortuary practices
had ceased by 1960.

Therefore, we could define the minimum incubation
period as the time between 1960 and the date of onset of
kuru (table 1). For patients born in earlier decades, the
actual incubation could be much longer; however, since
the infecting event can never be known, all individuals
alive during the period when consumption of dead
relatives’ bodies was universally practised must be
regarded as being at risk.

wwwithelancet.com Vol 367 june 24, 2006
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1977-81

SRS

Figure 2: Individual patients with kuru recorded duting the 5 years immediately after cessation of endocannibalism (1957-61), after 20 years (1977-81), and in the current study

(1996~2004)
Patients plotted by village of residence, Black squares indicate towns.

After the age of 6-8 years, boys were taken from their
mothers and brought up in the men’s house. From this
point on, they were exposed only to the same risk as
adult men, who participated little in feasts and did not
eat the brain, by far the most infectious organ in kuru.
This practice can explain why adult men in 1957-58
contributed only 2% to the total number of kuru cases;
and from what we now know about the incubation
period, most would have been from transmissions in
their childhood. Therefore, we can estimate that the
likely incubation period of the male patients identified
in this study began at about age 7 years, lasting up to the
age of onset ({table 1). These projections are less robust

[- PRNP APOE PRND 174 HLA-DQB1
haplotype genotype
PEW AF E2,E3 MT *050301/°0602
YAX AB £2,E3 MT *0401/NR
MWK FF E3,E3 1T *050301/°050201
AKA AF E4,£4 MT *050301/°030101
AYA nia nfa nfa nfa ;
TAM AA £3,E3 kas *0602/*0602 :
AYY E E3.63 ™ *050301/70602 |
wew AF BE T ‘06020602 |
MAA AF E263 1T *050301/°0602
INO AF E2E4 iz *050301/°0662
KAW AF1OrAF  E3,E4 T *050301/*0602
Patient’s initials are based on name and coded. NR=allele not recognised. n/asnot
ilable. MT=methionine-threonine b gous. APOE, PRND 174, and KLA-DQB1 arz
genetic loci implicated in human prion disezse susceptibility.
Table 2: Genetic analysis in kuru patients identified in current study

vwwihelsncet.com Vol 367 June 24, 2006

than the minimum estimates, but nevertheless are
potentially real and should not be ignored in any
consideration of the incubation period of human prion
diseases.

DNA was available for genetic analysis from ten of
11 patients with kuru (table 2). Eight patients were
heterozygous at the polymorphic residue 129 of PRNP.
In 140 unrelated healthy individuals from the South
Fore, allele frequencies at the PRNP residue 129 were
48% methionine and 52% valine. Although most of the
kuru cases with long incubation periods were
heterozygous (as expected), this distribution did not
differ from the current frequencies of the control
population (x2 test, p=0-22). The PRNP B haplotype has
been associated with susceptibility to sporadic CJD in
the UK,* and PRNP haplotyping was also done in these
patients and in the healthy Fore population {table 2).
Although the analysis had a small samiple size, PRNP
haplotypes of kuru patients with long incubation periods
did not differ significantly from the healthy South Fore
population (32 test, p=0-85). For other genetic loci
implicated in human prion disease susceptibility
(PRND,* APOE,™” and HLA;™" table 2}, these alleles
for kuru patients with long incubation periods also were
not significantly different from the healthy population in
the South Fore.

Discussion

The eatly dinical, epidemiological, and anthropological
study of kuru; the recognition of its neuropathological,
and then causal parallels to ovine scrapie;” and then
crucially, the experimental transmission of the disease
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to primates,” originated the concept of the human
transmissible spongiform encephalopathies, which was
followed in turn by the eventual unifying concept of the
mammalian prion diseases. Howeves, in addition to the
central historical importance of kuru, study of the end-
‘stage of this epidemic offers a unique opportunity to
study the variables of a near-complete epidemic of

human prion disease. In particular, recognition of the-

incubation periods possible after natural prion infection
in people is important in providing an insight (from
actual case histories rather than from mathematical
models) into the probable span of the vCJD epidemic in
the UK. Although estimation of kuru incubation periods
early in the epidemic was difficult, and the timing of the
actual infecting event for an individual can rarely be
determined, the abrupt and permanent interruption of
the source of infection, endocannibalism, in the late
1950s, has progressively allowed recognition of an
enormous span of possible incubation periods, at its
shortest extreme bracketed by the rare onset of disease
in children as young as 5 years and extending up to (and
perhaps beyond) the incubations covering more than
half a century, as we describe here.

In our field studies, we have interviewed many
individuals who participated in traditional mortuary
feasting or who described the participation of family
members from the preceding generation. These detailed
descriptions will be published elsewhere but have

reaffirmed the oral histories of endocannibalism in the

Fore recorded previously®”* and that this practice
ceased abruptly at the time of Australian administrative
control over the kuru areas. Although isolated events
might have occurred for a few years after this prohibition,
we are confident that new exposures of individuals to
kuru at mortuary feasts would not have occurred after
1960. Not only have no cases of kuru been recorded in
people born after 1959 {and only nine were recorded in
those born after 1956); but also all the 11 last recorded
cases of kuru that we report here were born before 1950.
If any source of infection remained, whether from
surreptitious cannibalism, possible ground contam-
ination with human prions at sites where food was
prepared, or other lateral routes, we would expect
individuals born after this period to have kuru—
especially since children are thought to have had shorter
incubation periods than adults. However, no such cases
have been observed.

Additionally, although a fraction of hamster-adapted
scrapie prions have been shown to survive in soil for at
least 3 years,”® the mortuary feast practices (during
which the entire body would be consumed) were
undertaken so that any substantial contamination of
soil would not have occurred, and traditional bamboo
knives and leaf plates were bumned after the feast.
Furthermore, no clusters of kuru cases, as seen earlier
in the epidemic,* have been recorded for many years.
We have also reviewed the assertion that maternal
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transmission of kuru did not occur, and saw no evidence
for maternal transmission from kuru archives,
interviews of colleagues who have practised medicine
in the Fore, or local oral history. Again, any possible
vertical route of kuru transmission would have resulted
in the presence. of kuru in .children born after 1960,
especially since kuru was common in women of
childbearing age; no such cases have occurred.

With regpect to extrapolation of incubation periods of
BSE prion infection in people, we should recognise that
the kuru epidemic arose from intraspecies recycling of
infectious prions. However, transmission of prions
between different mammalian species is associated with
a species barrier, which is better described as a
transmission barrier, because of the importance of
within-species prion strain type, in addition to species-
specific differences in its determination.” The biological
effects of such a barrier are: extended mean incubation
period; increased spread of incubation periods in
individual animals; and reduced attack rate (in which
only a fraction of inoculated animals will succumb}, by
comparison with the 100% mortality generally associated
with within-species inoculation with high-titre
infectivity. Incubation periods approaching the natural
lifespan of the inoculated species are often seen in such
primary cross-species trangmissions of prions. Second
and subsequent passage of prions within the new
species is always associated with adaptation involving a
considerable shortening of the mean and spread of
incubation periods and high or total lethality to high-
titre inocula. Thus, estimation of the range of possible
incubation periods in human BSE infection needs
superimposition of the effect of a transmission barrier
onto these findings of natural human incubation
periods.

The mean incubation period for kuru has been
estimated to be around 12 years,” with a similar estimate
in iatrogenic CJD associated with the use of human-
cadaver-derived pituitary growth hormone.® As shown
here, maximum incubation periods in kuru can exceed
50 years. The transmission barrier of BSE between cattle
and human beings is unknown and cannot be directly
measured. However, the cattle-to-mouse barrier for BSE
has been well characterised experimentally by
comparative endpoint titration. BSE prions transmit
readily to laboratory mice, including after oral dosing.™
The murine LD, (lethal dose causing 50% mortality) in
C57Bl/6 mice is about 500-fold higher than that in
cattle;® this barrier also results in a three-fold to four-
fold increase in mean incubation period.” Mean
incubation periods of human BSE infection of 30 years
or more should therefore be regarded as possible, if not
probable,? with the longest incubation periods
approaching (and perhaps exceeding) the typical human
lifespan. The shortest incubation periods in kuru were
estimated from the age of the youngest patients—
suggesting that the shortest incubation period was
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4-5 years. Similazly in vC]D, although the total clinical
caseload so far has been small, the youngest onsets of
vC]D have been at age 12 years or above, providing an
early estimate of 2 minimum incubation period.

Furthermore, prion disease in mice follows a well-
defined course with a highly distinctive and repeatable
incubation time for a specific prion strain in a defined
inbred mouse line. In addition to the PrP gene, a few
additional genetic lod with a major effect on incubation
period have been mapped.*” Human hornologues of
such lod could be important in human susceptibility to
prion disease, both after accidental human prion
exposure and after exposure to the BSE agent. By
definition, patients identified so far with vCJD are those
with the shortest incubation periods for BSE. These
patients could have received an especially high dose of
BSE prions. However, no unusual history of dietary,
occupational, or other exposure to BSE has been reported
from case-control studies. Because of the powerful
genetic effects on incubation period in laboratory
animals, vCJD patients identified could represent a
distinct genetic subpopulation with unusually short
incubation periods to BSE prions, with vC]D so far
occurring predominantly in those individuals with short
incubation time alleles at these multiple genetic lodi, in
addition to having the homozygous PRNP genotype of
codon 129 methionine. Therefore, a human BSE
epidemic may be multiphasic, and recent estimates of
the size of the vC]D epidemic based on uniform genetic
susceptibility could be substantial underestimations.***
Genes implicated in species-barrier effects, which would
further increase both the mean and range of human
BSE incubation periods, are also probably relevant. In
this context, a human epidemic will be dificult to
accurately model until such modifier loci are identified
and their gene frequencies in the population can be
measured.*

Heterozygosity at PRNP codon 129 is a major
determinant of susceptibility to and incubation time of
hurnan prion diseases.””™* As expected, most of these
recent kuru cases with extended incubation periods
(eight of ten) were heterozygotes. We have reported
previously that most elderly survivors of exposure to
traditional mortuary feasts are heterozygous.’ Although
the study included a small number of patients with
kuru with long incubation periods, we saw no evidence
of association with PRNP haplotype,” HLA-DQ7*
APOEY or PRND alleles.”

Contributors

| Whitfield led the field patrol team throughout the study and
investigated all suspect cases: E McKintesh provided assistance during
this time. } Beck and S Mead undertook the molecular genetic studies.
| Collinge, M P Alpers, E McKintosh, and D | Thomas did field
neurological examinations. | Collinge and M P Alpers supervised the
study and drafted the manuscript. All authors contributed to and
approved the final version of the manuscript.

Conflict of interest statement )
We declare that we have no conflict of interest.

wwwi thelancet.com Vol 367 june 24, 2006

Acknowledgments
This study would not have been possible without the generous support

of the Fore communities and the assistance of many people in the UK
and Papua New Guinea. We thank our team of Jocal kuru reporters
including Auyana Winagaiys, Anua Senagaiya, Igana Aresagu,

Kabina Yaraki, Anderson Puwa, David Psko, Heory Pako, Pibi Auyana,
Jolam Ove, Jack Kosinto, Dasta Hutu, Omsa Aniifho, James Kisava,

Sena Anua, David Ikabala, and Amalasa Pallar; and James Uphill,

Mark Poulter, Tracy Carnpbell, Gary Adamson, and Huda Al-Doujaily for
assistance with genetic analysis. We also thank John Millan,

Peter Lantos, Chris Foster, Jonathan Boreham, Mike Devine,

Anthony Jackson, Edward Lagan, and Lionel Astwood; john Reeder,
Charles Mgone, and other siaff at the Papua New Guinea Institute of
Medical Research; Mark and Deborah Brandt of Open Bible Mission;
and the British High Commission in Port Moresby for their help. This
study was initially funded by a Wellcome Trust Principal Research
Feflowship in the Clinical Sciences to }C. and since 2001 by the Medical
Research Council. EM is a Wellcome Trust Clinical Traiming Fellow.

References

1 Collinge |. Prion diseases of humans and animals: their causes and
molecular basis. Annu Rev Neurosci 2001; 24: 519-50.

2 Donnelly CA, Ferguson NM, Ghani AC, Anderson RM.
implications of BSE infection screening data for the scale of the
British BSE epidemic and current European infection levels.

Proc R Soc Lond B Biol Sci 2002; 269: 2179-90.

3 Ghani AC, Donnelly CA, Ferguson NM, Anderson RM. Updated
projections of future vCJD deaths in the UK. BMC Infect Dis 2003;
3:4. ’

4 Lloyd SE, Onwuazor ON, Beck JA, et al. Identification of multiple
quantitative trait loci linked to prion disease incubation period in
mice. Proc Nall Acad Sci USA 2001; 98: 6279-83.

5 Collinge ). Molecular neurology of prion disease.

] Neurol Neurosurg Psychiatry 2005; 76: 906-19.

6  Alpers MP. Epidemiology and clinical aspects of kuru. In:
Prusiner SB, McKinley MP, eds. Prions: novel infectious
pathogens causing scrapie and Creutzfeldt-] akob disease.

San Diego, CA, USA: Academic Press, 1987: 451-65.

7  Palmer MS, Dryden A}, Hughes JT, Collinge J. Homozygous prion
protein genotype predisposes to sporadic Creutzfeidt-Jakob
disease. Naturz 1991; 352: 340—42.

8  Lee HS, Brown P, Cervenikovi L, et al. Increased susceptibility to
Kuru of carriers of the PRNP 129 methionine/methionine
genotype. | Infect Dis 2001; 183: 192-96.

9  Mead S, Stumpf MP, Whitfield |, et al. Balancing selection at the
prion protein gene consistent with prehistoric kurulike epidemics.
Science 2003; 300: 640-43. ’

10 Mead S, Mzhal SP, Beck ], et al. Sporadic—but not variant—
Creutzfeldt-Jakob disease is associated with polymorphisms
upstream of PRNP exon 1. Am ] Hum Genet 2001; 69: 1225-35.

11 Alpers M. Epidemiological changes in kuru, 1957 to 1963. NINDB
monograph no 2. Slow, latent and temperate virus infections.
Bethesda, MD, USA: Nationa! Institute of Neurological Diseases
and Blindness, 1965: 65-82.

12 Alpers MP. Kuru: implications of its transmissibility for the
interpretation of its changing epidemiologic pattern. In: Bailey OT,
Smith DE, eds. The central nervous system, some experimental
models of neurological diseases. Baltimore: Williams & Wilkins,
1968: 234-51.

13 Mead §, Beck ], Dickinson A, Fisher EMC, Collinge |. Examination
of the human prion protein-like gene Doppel for genetic
susceplibility to sporadic and variant Creutzfeldt-Jakob disease.
Neurosci Lett 2000; 290; 117-20.

14 Peoc’h K. Guerin C, Brandel | P, Launay |M, Laplancheé JL First
report of polymorphisms in the prion-like protein gene (PRND):
implications for human prion diseases. Neurosci Lett 2000; 286:
14448,

15 Schréder B, Franz B, Hempfling P, et al. Polymorphisms within
the prion-like protein gene (Prnd) and their implications in human
prion diseases, Alzheimer's discase and other neurological
disorders. Hum Genet 2001; 109: 31925,

16 Chapman |, Cervenakova L, Petersen RB, et al. APOE in non-
Alzheimer amyloidoses: transmissible spongiform
encephalopathies. Neurology 1998; 51: 548-53.

2073

-175-



Articles

BENE2006-016

2074

18

20

2

22

23

24

25

26

Amouyel P, Vidal O, Launay JM, Laplanche L. The apolipoprotein
B aflclex as major susceptibility factors for Creutzfeldi-jakob
disease. Lancet 1994; 344: 1315-18.

Jackson GS, Beck JA, Navarreie C, ot al. HIA-DQ7 antigen and
resistance to variant CJD. Nature 2001; 414: 269-70.

Pepys MB, Bybee A, Booth DR, et al. MHC typing in variant
Creutzfeldt-Jakob disease. Lance 2003; 361: 487-89.

Hadlow W}. Scrapie and kuru. Lance! 1959; 274: 289-90.
Gajdusek DC, Gibbs C} Jr, Alpers MP. Experimental transmission
of a Kuru-like syndrome to chimpanzees. Nalure 1966; 209:
794-96

Gnidueeli DC. Unconventional viruses and the origin and
disappearance of kuru. Science 1977: 197: 943-60.

Glasse R. Cannibalism in the Kuru region of New Guinea.
Trans N Y Acad Sci 1967; 29: 748-54.

Lindenbaum S. Kuru sorcery: disease and danger in the

New Guinea Highlands. Palo Alto, CA, USA: Mayfield, 1979.
Brown P, Gajdusek DC. Survival of scrapie virus afier 3 years'
interment. Lancet 1991; 337: 265-70.

Klitzman RL, Alpers MP, Gajdusek DC. The natural incubation
period of kuru and the episodes of transmission in three clusters
of patients. Neuroepidemiology 1984; 3: 3-20.

Callinge J. Variant Creutzfeldt-Jakob disease. Lancet 1999; 354:
317-23.

-176-

31

28

29

" 30

32

33

35

Brown P, Preece M, Brandel JP, el al. Jatrogenic Creutzfeidi-]akob
di at the millennium. Neurokagy 2000; 55: 1075-8).

Barlow RM, Middleton DJ. Dietary transmission of bovine
spongiform ericephalopathy to mice. Vet Rec 1990; 126: 11112,
Wells GAH, Hawkins SAC, Green RB, et al. Preliminary
observations on the pathogenesis of experimental bovine
spongiform encephalopathy (BSE): an update. Vet Rec 1998; 142:
10306, - - :

Lioyd SE, Uphill B, Targonski PV, Fisher EM, Collinge J.

" Identification of genetic loci affecting mouse-adapted bovine

spongiform encephalopathy incubation time in mice. Newrogenctics
2002; 4: 77-81

Stephensgon DA, Chiotti K, Ebeling C, et al. Quantitative trait lod
affecting prion incubation time in mice. Ganomics 2000; 69: 47-33.
Ghani AC, Ferguson NM, Donnelly CA, Anderson RM. Predicted
vC)D mortality in Great Britain. Nature 2000; 406: 583-84.
D’Aignaux JNH, Cousens SN, Smith PG. Predictability of the UK
variant Creutzfcidt-Jakob discase epidemic. Sciencs 2001; 294:
1729-31. _
Collinge ]. Palmer MS, Dryden A}. Genetic predisposition to
iatrogenic Creutzfeldt-Jakob disease. Lance! 1991; 337: 1441-42.
Schachter F, Faure-Delanel L. Guenot F, et al. Genetic associations
with human Jongevity at the APOE and ACE loci. Nat Genet 1994
6: 29-32.

wwwithelancet.com Vol 367 June 24, 2006



=111~

AR 21

EXL BIR#RE

AEREE

No. 16

RS - MEEN

Be8

F—8BAFH | FEXRZORS
2006. 7. 7 ML

CT R

— BB FR (SRR EFICFR L)

Al B ) (B AR+
MRIES (RRB) RS SRR B 7R (B ATR-E4E)

WRBEDOLARIKR

Saa P, Castilla J, Soto C. Science.
2006 Jul 7;313(5783):92-4.

KE

Ol Pz 57 VA D FEAERTRH

FomEwy

Bt ]

TV LB ENRRIRBE ORIR L7255 L S TR O BREME ThBEE X BN TV D, PrPid. B OWE— DRI
RE~ B —THY, ZOBRHITEYOIERE B/ NRIZINZ BRI K T D, AT A —IZBRYEL 7o/~ IR F— > ffy,
D5, RIBOFFERMOYIM O KT, £ILEAITPIPZRIHUE, BRI BYICIL, PrP Y3 DA R kT
BEASHOBR A>T, —J5, BEINCIZI KD OPP ISR L TV, BRI b O OBRERIERE R LTy veu

B D I P DT VA DAL EAR I ASTTBRIT/AR B2 LT, TSED RO B B2 BLiAEh 3,

ERLOEERBKR-
TOMSELRRSE

BEERDER

SHROME

AR R
RS A R A k)

MEEINTHTAN R,
WEE ., s oYy
vCIDEDEIFEDOY RS

ATUAE BRI DR — DI DD, FRBDIEFERD
IO ICETC, ALFERICPIP R R LI L O BE ThH B,

LHLBIXRE . VA AR ET HHT=7e B LR CIE RO IR (- 55

BH5,

MedDRA/J Ver.9.0J



E

o2

PORTS

8. A. Dagkessamanskaia et al., Mol. Microbiol. 51, 1071
(2004).

9, S. Peterson ef al., Mol Microbiol. 51, 1051 (2004).
10. 1. Mortier-Barridre, A. de Saizieu, ). P. Claverys, 8. Martin,
Mol. Microbiol 27, 159 (1998).

E. V. Pestova, L. S. Hivarstein, D. A, Morrison, Mol
Microbiol. 21, 853 (1996).

P. Luo, D. A. Morrison, J. Bacteriol, 185, 349 (2003).
B. Martin, M. Prudhomme, G. Alloing, C. Granadel,

1. P. Claverys, Mol. Microbiol 38, 867 (2000).

To monitor antibiotic-induced competence, cells
were incubated in (+Y medium with an initial pH
valve adjusted so that spontaneous competence
induction remained a rare event (see supporting
online material).

. D. E. Grove, 5. Willcox, }. D. Griffith, F. R. Bryant, ). Biol.

Chem. 280, 11067 (2005),

11

i2.
13,

14

16. 'S. C. Kowalczykowski, Annu. Rev. Biophys. Biophys. Chem.
20, 53% {1991).

1. W. Little, Proc. Natl. Acad. 5ci. U.S.A 81, 1375
(1984).

B. Martin, P. Gardia, M. P. Castanié, ). P. Claverys, Mol,
Microbiol. 15, 367 (1995).

1. W. Beaber, B. Hochhut, M. K. Waldor, Nature 427, 72
(2004).

I. Phillips, E. Culebras, F. Moreno, F. Baquero,

). Antimicrob. Chemother. 20, 631 {1987).

C. Mitler et al., Science 305, 1629 (2004).

C. Levine, H. Hiasa, K. ]. Marians, Biochim. Biophys. Acta
1400, 29 {1998).

R. A VanBogelen, F. C, Neidhardt, Proc. Notl. Acad. Sci
U.S.A. 87, 5589 (1990).

K. Drtica, X. Zhao, Microbiol. Mol. Biol. Rev. 61, 377
(1997).

17.

18.

19.

20.

21,
22.

23.

24,

JRC2006T-037

25. M. Cashel, D. R. Gentry, V. ]. Hernandez, D. Vinells, in
Escherichia coli and Salmonella typhimurium: Cellular
and Moleculor Biology, F. C. Neidhardt, Ed. (American
Soclety for Microbiology Press, Washingtoh, DC, 1996),
pp. 1458-1496.

We thank D. Lane for critical reading of the manuscript.
This work was supported in part by European Union grant
QLK2-CT-2000-00543. .

Supporting Online Material
www.sciencemag.org/cgi/contentful/313/5783/89/DC1
Materials and Methods

Figs. S1 10 54

Tables 51 and S2

References

27 March 2006; accepted 1 june 2006
10.1126/science. 1127912

26.

Presymptomatic Detection

of Prions in Blood

Paula Sas, ™2 Joaquin Castilla, Claudio Soto™

Prions are thought to be the proteinaceous infectious agents responsible for transmissible
spongiform encephalopathies (TSEs). PrP5¢, the main component of the infectious agen, is also
the only validated surrogate marker for the disease, and its sensitive detection is critical for
minimizing the spread of the disease. We detected PrPS¢ biochemically in the blood of hamsters
infected with scrapie during most of the presymptomatic phase of the disease. At early stages of
the incubation period, PrP5¢ detected in blood was likely to be from the peripheral replication of
prions, whereas at the symptomatic phase, PrP5 in blood was more likely to have leaked from the
brain. The ability to detect prions biochemically in the blood of infected but not clinically sick
animals offers a great promise for the noninvasive early diagnosis of TSEs.

spongiform encephalopathies (TSEs), are
a group of fatal and infectious neurode-
generative diseases, including Creutzfeldt-Jakob
disease (CID) in humans and bovine spongiform
encephalopathy (BSE), scrapie, and chronic
wasting disease (CWD) in animals. Prions are
compoged mainly or exclusively of the misfolded
prion protein (PrPS) (J), which replicates in the
body, transforming the normal prion protein
{(PrPC) into more of the misfolded isoform.
Although prion diseases are rare in humans,
the established link between a new variant form
of CID (vCID) and BSE (2-¢) has raised con-
cern about a potential epidemic in the human
population. Over the past few years, BSE has
become a substantial health problem affecting
many countries (5), and it seems now apparent
that vCID can be iafrogenically transmitted from
human to lmman by blood transfusion (6, 7).
Exacerbating this state of affairs is the lack of a
reliable test to identify individuals incubating
the disease during the long and silent period

Prion diseases, also called transmissible
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from the onset of infection to the appearance of
clinical symptoms (8-10).

PrP% is not only the main component of the
infectious agent and the most likely cause of
the disease, but it is also the only validated
surrogate marker for TSEs (9). However, PrP5¢
concentration is high enough for routine bio-
chemical detection only in the brain and some
lymphoid tissues at a time close to the symp-
tomatic stage of the disease (9). The develop-
ment of highly sensitive presymptomatic assays
for the biochemical detection of PrPSe is critical
for minmimizing the spread of the disease (9).
One important aim in prion diagnosis is the
noninvasive and presymptomatic biochemical
detection of PrPS¢ in biological fluids, particu-
larly using blood, a fluid known to contain in-
fectivity even before the onset of clinical signs
6, 11, 12).

PrPSe has been detected in the blood of sick
animals by means of the protein misfolding cy-
clic amplification (PMCA) technology (/3).
PMCA produces accelerated prion replication,
which dramatically amplifies the quantity of
PrPS¢ present in a sample (14, 15). In a cyclical
process, large quantities of PrPC are converted
into the misfolded form triggered by the pres-
ence of minute and otherwise undetectable
amounts of PrPS<. The method is highly specific
for the detection of PrPS¢ and leads to a several-
million-fold increase in sensitivity as compared
to that of standard Western blot assays (/3).
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In order io evaluate the application of PMCA
for the detection of prions in blood during the
presymptomatic phase, 46 hamsters were inocu-
lated intraperitoneally with 10% brain homoge-
nate of the 263K scrapie strain, and 38 control
animals were injected with phosphate-buffered
saline (PBS). At different times during the
incubation period, groups of animals were killed, -
blood was collected, and the buffy coat fraction
was separated (/3), Samples of the buffy coat
were resuspended directly on healthy hamster
brain homogenate and subjected to 144 PMCA
cycles. Three different aliquots were tested from
each sample. To refresh the substrate, after a
round of PMCA cycling, samples were diluted
10-fold into norma! brain homogenate, followed
by another round of 144 PMCA cycles. This
procedure was repeated seven times, because
according to our results, this enables the detection
of 20 to 50 molecules of monomexic hamster PrP,
which seems to correspond to a single unit of
infectious oligomeric PrPSc (16).

The first group of hamsters was killed 2
weeks after intraperitoneal inoculation. None of
the five infected or control anitnals showed any
detectable quantity of PrP5 in their blood (Fig.
1 and Table 1), Thus, the PrPS present in the
inoculum disappeared to undetectable levels . -
during the first few days after inoculation. Prpse !
was, however, readily detectable in blood 1
week later (20 days after inoculation) in 50% of
the animals infected but in none of the controls
(Fig. | and Table 1). The highest percentage of
positive animals during the presymptomatic
phase was observed 40 days after infraperi-
toneal inoculation, in which the sensitivity of
PrPSc detection was 60%. After 60 days, the
detection of PrPS° in blood became harder. In-
deed, only one out of five animals scored pos-
itive at 70 days, whereas none of the five
infected hamsters had detectable PrPSe in their
blood 80 days after inoculation (Table 1). At
the symptomatic stage, which in this experi-
ment was at 114.2 + 3.6 days, 80% of animals
had PrPSc in their blood (Fig. 1). We never
detected a false positive result in any of the 38
control samples analyzed (Table 1.

The distribution of PrPS¢ detection at dif-
ferent times of the incubation period showed
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an interesting trend (Fig. 2). A first peak of
PrPSc detection was observed early during the
presymptomatic phase, between 20 and 60 days
after inoculation. The peripheral administra-
tion of prions is known to result in an early
phase of replication in lymphoid tissues and
the spleen, before any infections material
reaches the brain (17, 18). Indeed, little or no
infectivity can be detected in the brain of
animals peripheraily inoculated during the first
half of the incubation period (/9). Thus, it is
likely that the source of PrPS* in blood during
the early presymptomatic phase is the spleen
and other lymphoid organs. The quantity of
PrP%c in blood goes down after this initial
phase and actually disappears 80 days after

Fig. 1. PrP5¢ detection 14 days

in the blood of scrapie-
infected hamsters by
PMCA. Blood samples
7 groups of scrapie-
hwtilated and control
animals were taken at
different times during
the incubation period.
Three milliliters of blood
were separated in three
aliquots of 1 ml each to
prepare the buffy coat
(13). Samples were sub-
jected to 144 cycles of
PMCA. Ten microliters of
the sample from this first
round of amplification
were diluted into 90 pl
of normal brain homog-
enate, and a new round
of 144 PMCA cycles was
performed. This process
was repeated a total of
seven times. Each panel
represents the results
obtained in the seventh

d of PMCA with the
saunples from each group

70 days

B OOt R C3 B O LE 5 L5 g

40 days

2 112 444 BT 196 1t 148 118 BOIH CIECEI C12017 C1ePK

inoculation (Table 1 and Fig. 2). The rise of
PrPSe in blood during the early presymp-
tomatic phase appears to coincide with the
time of its exponential replication in lymphoid
organs, whereas the reduction of PrP% in
blood occurs when infectivity in peripheral
tissues has reached a plateau and is migrating
from the periphery to the brain (17, 18). Al-
though the explanation for these results in
unknown, it is possible that the proportion of
circulating lymphocytes carrying PrP5e is much
higher during the exponential phase of periph-
eral replication than during the stationary phase.
At the symptomatic period, PrP5° can again be
detected in the blood of most of the animals
(Fig. 2). It has been reported that large

20 days KeH

HBH
¥ BB Mentsscresty M

60 days g

22132 14 105 08 CI8 O35 O(T DIgPK

80 days

C24 132 C38 By 036 132 €27 2 O 6 K

Symptomatic

of animals, which are representative of the three independent afiguots taken from each animal. Ix, samples
from hamsters infected with 263K scrapie; Cx, samples from control animals injected with PBS, All samples
were treated with proteinase K {PK) before electrophoresis, except for the normal brain homogenate (NBH), in

which no PK treatment (PK) is indicated.

Table 1. Number of animals used and results obtained regarding the presymptomatic detection of

Pres< in the blood.

Time Controls Infected Sensitivity/
(days) {positives/total) (positives/total) spedificity
14 0/5 9/5 0%/100%
20 0/4 3/6 50%/100%
40 0/5 6/10 60%/100%
&0 0/4 2/5 40%/100%
70 0/5 15 20%/100%
80 0/5 0/5 0%/100%
Symptomatic 0710 8/10 80%/100%
phase
VARRNAT CllAm e S e Sy CIERECTE VAN 21 7
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quantitics of PrPS¢ appear in the brain only a
few weeks before the onset of clinical signs
(19, 20). Thus, PrP* in blood samples ai the
symptomatic stage is likely to have come from
brain leakage. It is known that at the time of
symptomatic disease, TSE-affected individuals
have extensive brain degeneration in the form
of massive neuronal death, synaptic alterations,
and brain inflammation (2/). These abnormal-
ities probably cause a disruption of the blood/
brain barrier resulting in the leakage of cerebral
proteins to the blood (22), in particular PrPSe,
which by this time is highly abundant in the
brain.

Infectivity studies have shown that the blood
carries prions in both the symptomatic and
presymptomatic stages of the disease in animals
(11, 23, 24). Upon experimental BSE infection
of sheep, infectivity can be wansmitted by
blood transfusion from asymptomatic infected
animals (25), indicating that the infectious
agent is present in blood during the incubation
period. Recently, three cases of vCID have
been associated with blood transfusion from
asymptomatic donors who subsequently died
from vCID (6, 7). The alarmingly high pro-
portion of cases transmitted by blood transfu-
sion suggests that prions exist in relatively
elevated quantities in the blood of individuals
silently incubating vCJD. Based on studies with
animal models, it is believed that all of the hu-
man population may be susceptible to vCID
infection (26), although clinical cases have so
far occurred only in methionine homozygotes at
codon 129 in the human prion protein gene.
Because the incubation period may be several
decades, it is currently unknown how many
people may be in an asymptomatic phase of

8

L)
[~
n

@

% of PrP®-positive animals

(-]
8
8
o
“n

Time, days

Fig. 2. Proportion of animals whose blood was
PrPsc positive at different times during the
incubation period. The percentage of samples
scoring positive for PrP5 in blood is represented
versus the time afier inoculation at which
samples were taken. Two phases of PrP5¢ de-
tectability were observed: an early stage during
the incubation period, which probably corre-
sponds to the time during which peripheral prion
replication in lymphoid tissues is occurring, and
a second phase at the symptomatic stage, in
which the brain contains extensive guantities of
Presc. The vertical gray section indicates the
symptomatic phase.
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vCID infection. In addition, it is possible that
some infected patients may never develop clin-
ical symptoms but will remain asymptomatic
carriers who can potentially transmit the discase
to other individuals (26, 27). In the absence of
screening tests and effective therapies to treat this
disease, a formidable worldwide public health
challenge lies ahead to prevent further infections,
assess infection rates, and treat infected patients.
The ability to detect PrP%, the major component
of infectious prions, biochemically in the blood
of infected but asymptomatic experimental
animals will hopefully lead to the development
of tests for human blood. Indeed, although tech-
nically more challenging, the PMCA technolo-
£y has been adapted to amplify prions of human
arigin (20). The ability to accurately detect
PrP5¢ in the ic stages of vCID
would potentially help to reduce the risk that
many more people will be infected by this fatal
and terrible disease.
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Prion-Induced Amyloid Heart Disease
with High Blood Infectivity in

‘Transgenic Mice

Matthew }. Trifilo,” Toshitaka Yajima,2 Yusu Gu,? Nancy Dalten,? Kirk L. Peterson,?
Richard E. Race,® Kimberly Meade-White,® John L. Portis,® Eliezer Masliah,*
Kirk U. Knowlton,?* Bruce Chesebro,®* Michael B. A. Oldstone*

We investigated extraneural manifestations in scrapie-infected transgenic mice expressing

prion protein lacking the glycophosphatydylinasitol membrane anchor. In the brain, blood, and
heart, both abnormal protease-resistant prion protein (PrPres) and prion infectivity were readily
detected by immuncblot and by inoculation into nontransgenic recipients. The titer of infectious
scrapie in blood plasma exceeded 107 50% infectious doses per milliliter. The hearts of these
transgenic mice contained PrPres-positive amyloid deposits that led to myocardial stiffness

and cardiac disease.

n humans and animals, transmissible spongi-
form encephalopathies (TSEs), or prion
diseases, cause neurodegeneration and death
following ingestion or experimental inocula-
tion of infected material. Prion diseases are
characterized by the conversion of the normal
protease-sensitive host prion protein (PrPsen)
to a disease-associated protease-resistant form
(PrPres). Although prion disease damages the
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central nervous system (CNS), infectivity and
PrPres can be detected within peripheral tissues,
incliding lymphoid organs in bumans, sheep,
and deer (J, 2), as well as skeletal muscle (3),
kidney, and pancreas (4) of some transgenic
rodent models. Despite the toxic effect on the
CNS, few if any histopathological changes have
been observed at peripheral sites.

Transmission of TSE disease to humans has
resulted ffom cannibalism, contaminated sur-
gical instrumentation, and tainted growth hor-
mone (5~7). A human discase termed variant
Creutzfeldt-Jakob disease (vCID) has occurred
more recently, apparently through the ingestion
of bovine spongiform encephalopathy (BSE)-
infected cattle producis (8). Recent evidence
suggests that transmission of vCID between
humans may occur through bloed transfusion
(9, 10), and this conclusion is supported by ex-
perimental transmission of BSE between sheep
via blood transfusion (I7). TSE infectivity has
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been demonstrated in blood by intracerebral-
inoculation in mouse, mink, hamster, and goat
models (7, 12-20). However, infectivity in such
cases is low, <10? 50% infectious doses (ID,, )
per mi of blood compared to 106 to 10°° ID, /g
in the brain.

Normal prion protein, PrPsen, is expressed
primarily as a membrane-bound, glycophos-
phatydylinositol (GPT)-anchored protein. The
role of cellular PrP membrane anchoring in
prion disease has been studied in transgenic
mice expressing GPI-negative anchorless PrP,
which is secreted from cells (21). Intracerebral
moculation of these GPI-negative anchorless
PP transgenic (tg) mice with murine scrapie
results in scrapie replication and deposition of
PrPres within the brain. Although wild-type
(WT) mice infected with scrapie usually devel-
op a nonamyloid form of PrPres, in these tg
mice the PrPres is primarily in the form of .

amyloid plaques (2/). At the same time, these |

mice do not manifest the clinical and pathologic
alterations normally associated with prion dis-
case, thus demonstrating a separation between
PrPres amyloid accummulation and clinical CNS
disease (2/). In the brain of these infected tg
mice, PrPres was Jocated primarily within and
around endothelial cells (2/) (Fig. 1A), leading
to the hypothesis that anchorless PrPres may be
secreted in the blood. Here we examined this
possibility.

To determine whether PrPres and/or scrapie
infectivity was present in blood, four infected
tg mice were bled between 450 and 512 days
postinfection (dpi) with the RML strain of
scrapie. Inoculation of a 1:500 dilution of blood
from all four mice induced scrapie in WT
(C57BL/6) recipients in ~145 days. In addi-
tion, blood of two mice analyzed by serial di-
Iution titration gave titers of >1.6 « 107 and
>1.6 x 10° ID, /ml blood (Table 1).
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ekl aieiy British blood products may
pose vCJD risk in 14 countries

- UK issues warning on 'mad cow disease'
» Documents show Brazil and Turkey are high on list

James Metkie and Rob Evans
Search this slite  yyegday May 2, 2006
The government has been forced to warn 14 countries that
patients are in danger of developing the human form of mad
cow disease as a result of contaminated British blood products
sold abroad.

Documents released under the Freedom of Information Act
show that patients in Brazil and Turkey are most at risk from
the products, although it is too early to know how many, if any,
foreign patients may develop the incurable variant CJD, as it
takes many years to appear. The Turkish authorities said they

. had traced patients at risk and were closely monitoring them,
while Brazil would not comment.

Article continues v

The contaminated blood products were exported in the 1990s
by the British government to treat conditions such as
haemophilia, severe burns and immune deficiency. At the time
the government considered there was no risk.

Twenty-eight people abroad have aiready developed vCJD by
eating cattle meat from Britain infected with BSE. However, the

12—
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dangers of another route of transmission are now becoming
more evident. Scientists are worried about a "second wave" of
casualties caused by blood donated by people infected but not
yet displaying symptoms of the diseass.

The risk of passing on the disease in this way was considered
only theoretical until December 2003, when it emerged that a
patient in Britain had been infected through a blood
transfusion, leading to new safety measures. Another two
cases have since been identified. Health authorities then had
to re-examine blood products sent abroad by the state-owned
company Bio Products Laboratory (BPL).

The documents show that, following the rethink, the Health
Protection Agency was concemed "about the potential
infectivity of blood". Believing the potential risk of vCJD to be
"very uncertain”, the agency advised the Brazilian and Turkish
health ministries to take precautions to reduce the possibility of
spreading vCJD as "sufficient quantities” of the "at-risk"
products had been exported.

These measures included tracking down patients and telling
them not to donate blood, organs or tissues. Patients are also
told to inform doctors and dentists if they need any freatment.

In Britain, up to 6,000 people were considered to be at risk.
The problems stem from the way blood products are made,
from processing thousands of separate donations. The
concerns arise from just 23 donations made by nine people
who went on to develop vCJD, showing how minute amounts
may be infectious.

The NHS Blood and Transplant Authority, which is responsible
for BPL, said: "So far no vCJD cases have been linked to
plasma products ... The use of products derived from British
blood plasma was ended in 1999 as a precautionary safety
measure because of what were then regarded as only
theoretical risks. But cases where patients might have been
put at risk before that date have since come to light as further
cases of vCJD have been diagnosed in people who were
blood donors. Since 2004, no one who received a biood
transfusion after 1980 has been allowed to donate blood
themselves."

The Health Protection Agency decided that patients in six
countries - Brunei, UAE , india, Jordan, Oman and Singapore -
had been put in less jeopardy than those in Brazil and Turkey,
but might need to take precautions. Less dangerous batches
were imported by Belgium, Morocco and Egypt. France,
Holland and Israel were advised to carry out their own
assessments, as manufacture of the blood products was
completed in their countries. The French government
concluded that there was no danger from the products, which
were re-exported to 10 unnamed countries.

The Guardian has previously reported that patients worldwide
may have been exposed to vCJD, but the documents detail for
the first time the countries, the amounts and the risk
assessments. British authorities cannot say how many patienis
abroad may now be in danger.

There have been 161 cases of vCJD in Britain. There are 15
cases in France, four in Ireland, two in the US, and one each
in Canada, Italy, Japan, the Netherlands, Portugal, Saudi
Arabia and Spain. :

Some of these victims are known to have caught vCJD by
eating infected beef in Britain. Most others live in countries that
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have also had outbreaks of BSE that may well have originated
from Britain.

Graham Steel, whose brother Richard died from vCJD, drew
paraliels to the spread of BSE. "[it is] eerily reminiscent of the
1880s when 'theoretically’ infectious meat and bonemeal was
exported by the UK around Europe and beyond despite the
fact that the risks of spreading diseases were known about in
1972-73. A total recall was deemed too expensive.”
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Official BSE inquiry

Human BSE Foundation

CJD Support Network

British Medical Joumnal CJD page

Depariment of Health CJD/BSE page
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page
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Food Standards Agency BSE page
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