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Predicting susceptibility and incubation time of
human-to-human transmission of vCJD

MT Bishop, P Hare, L Aitchisen, HN Baybutt, C Plinston, V Thomson, N L Tuzi. M W Head, | W lronside, R G Will, C Manson

Summary

Background Identification of possiblc tramsmission of variant Creutzfeldt-jakob disease (vCJD) via blood transfusion
has caused concern over spread of the disease within the human population. We aimed to model iatrogenic spread to
enable a comparison of transmission efficiencies of vCJD and bavine spongiform encephalopathy (BSE) ond an
assessment of the effect of the codon-129 polymorphism on human susceptibility.

Methods Mice were produced 1o express human or bovine prion protein (PrP) by direct replacement of the mouse PrP
geme, Since the human PrP gene has variation at codon 129, with MM, VV, smd MV genotypes, three inbred lines with
an identical genetic backgrotnd were produced to express burnan PrP with the codon-129 MM, MV, and VV genotypes.
Mice were inoculated with BSE or vCJD and assessed for dlinical and pathological signs of disease.

Findings BSE was transmitied to the bovine line but did not transmit to the human lines. By contrast, vCJD was
transmitted to all three hurnan lines with different pathological characteristics for cach genotype and a gradation of

lransmiesion efficiency from MM to MV to VV,

Interpretation Transmission of BSE 1o human beings is probably restricied by the presence of a significant species
barrier. Howeves, there seems to be a substantially reduced barrier for human-to-human transmission of vCJD.
Moreover, all individuals, irrespective of codon-129 genotype, could be susceptible 10 secondary transmission of vC]D
through routes such as blood transfusion. A lengthy predinical disease is predicied by these models, which may
represent a rigk for further dizease transmission and thus a significant public-health issue,

Introduction
After the identification of variant Creutafeldt-Jakob
disease (vCJD) in 1996, there have been many attempts
to estimate the extent of the UK epidemic. Many
individuals are likely to have been exposed to bovine
spongiform encephalopathy (BSE) material through
their diet; however, there have been only 161 cases of
the disease in the UK. The predicted total number of
future cases has ranged from the low hundreds® to
hundreds of thousands® However, findings from a
rewospective immunocytochemical study that aimed to
detect prion protein (PrP) in appendix and tonsil
specimens suggested ¢ previlence of BSE infection of
237 per million people in the UK* DNA sequence
analysis of the PrP gene (PRNP) in vC]D has shown
that 100% of tested cases ar¢ homozygous for
methionine at the ¢codon-129 polymorphism compared
with about 40% of the general white population and
about 70% of sporadic CJD cases. The methionine
homozygous genotype (MM) has been included as 7
limiting vaviable in most mathematical predictions of
the size of the epidemic.”? |dentification at autopsy of
preclinical vC]D infection in a methionine/valine (MV)
heterozygous individual who had received 8 transfusion
of ted cells from a donor who later died of vC]D, was
the first indication that MM might not be the only
susceptible genotype.!

Polymorphisms and mutstions in PRNP in various
species can affect disease susceptibility, although the
precise mechanisms by which these effects are mediated

have not been established.” Codon 129 of the human
PRNP gene has been shown w0 affect the (linico-
pathological phenotype of disease in CJD and fatal
familial insomnia = Heterozygosity at PRNP codon 129,
when compared with homezygous individuals, has been
reported to lengthen incubation times in iatrogenic CJD
cases associated with growth hormone treatment, 2nd in
kuns,™ whereas valine homozygosity (VV) has been
proposed to be protective for both BSE and vCJD
transmission in studies that used murine models
overexpressing human PrP.® At & molecular level, the
biophysical properties of PrP sefolding into the disease
associsted form (PrP*) heve been shown to be affectad by
the codon-129 genotype, with the methionine variant
having an increased propensity to form PrPhdike
structures.®

We sought to analyse the transmission characteristics
of BSE and vC]D to four inbred lines of transgenic mice
after intracerebral inoculation with brain hemogenate
fram cages of vCJD and BSE. We then aimed to use these
models to address the apparent low Jevel of vCJD in the
human population resulting from exposure to BSE and
to predict the potential for human-to-human spiead of
vCJD and the susceptibility of different genotypes in the
human population.

Methods

Transgenic mice

Detajls of how the gene-targeted transgenic lincs wete
created are supplied a5 supplementary information
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Figure 1 Westem blot of Imln axtmet fm uninocylated mice shawing that
PP is dl d with mobility and glyrofoem
ratéo in sll three hummmnxﬁm
Dediglycosylated Pr* band; M=manoglycasyiated Pr band; Usunglycosylated
PP band. Inthe BovTg ﬁmadﬂ‘mm band is detgcted of inoreased
makecular weight due 1o the addi peptide repeat motif.
Protein levels are similar to the wildtype line used in genersting the transgenics
(1290!-) Glymsylmon s confirmad by the reduction to o single bandafier

with cyre PNGaseF, The anti-Pi antibody 7A12 was used
!a |ho Hum'l‘g blot u lt.wm redq with Both muring and human PiP, and BHy
was used for the BovTg blot,

(webappendix). Transgenic mice were anaesthetised with
halothane and then injected with 0.02 mL of brain
hemogenate into the right cerebral hemisphere. The
vCJD tissue homogenate (at 107 dilution) was supplied
by the UK National Institute for Biological Standards
and Control {Code NHBY0/0003). BSE-infected cattle
brain (Veterinary Laboratories Agency, teference BBP
12/92) was prepared by maceration of the tissue in sterile
saline to a dilution of 10", From 100 days they were
scored each week for signs of disease ? Mice were killed
by cervical diglocation whether they had clinical signs of

an?-

lstry of hi

logical sactions with anti-Pf* antibody 614 showing the eortex,

hippocamnpal, snd thalamic regions of the mrnae brain with PeP detection (brown)

A-D: Human transgenic mice with vUD inoculumn, A: HUMM meuse 593 days post noculstion, 8: RuMV mouse
707 days post inoculatien. C: HuW movse 693 days past inoculation. D: Florid plaques found inthe hippocampus
of the: HuMM mowse in panel A. £ach plaqus has an sesinophilic core with a paler halo snd is surrounded by # ning
of vacualation (hacmxmyl‘mmdecmn stam), E Hippocmpal region of a BovTg mouse inoculated with BSE. Prp

v deposited in 2 more diff

mwith iongl plaques.

transmissible spongiform encephalopathy (TSE) or
another non-specific disorder. The brain was tecovered
at post mortem_ Half the brain was snap-frozen in liquid
nitrogen for biochemica) analysis and the remaining half
was fixed for histology.

Procedures

Immunocytochemical detection of disease-gssociated
PrP (PrP%) deposits.in the brain is a key pathological
marker of TSE transmission, and variation in location
and morphology of PrP* deposits can be affected by
both the strain of TSE agent and by the host PrP’»
After fixation in 10% formal saline, brains were treated
for 1.5 h in 98% formic acid (1o reduce the titre of
infectivity for safety reasons), cut tramsversely into four
sections, and embedded in paraffin. We used the
Vectastain Elite ABC Kit (Vector Labs, UK) with
overnight primary antibody incubation (6H4 at 1:2000;
Prionics, Switzerland) for PrP detection, Identification
of antibody binding was through deposition of 3,3°-
diaminobanzidine chromogen vis s horseradish
peroxidase rteaction. The BSE-inoculated human
transgenics were also studied using the Catalysed Signal
Amplification kit (DAKO K1500). This kit uses the same
principles as the Vector Labs kit, but has an additional
swep, which amplifies the final detected signal and
therefore improves sensitivity.

Scoring of the abundance sud location of TSE-
agsociated vacuolation in grey and white matier of the
brain is routinely used for diagnosis and stain
dlassification in non-transgenic mice®™ and was used to
assess all the mice in this study. TSE-related vacuolation
was assessed at nine grey-matter regions and three white-
matter regions to praduce a lesion profile, as previously
desaibed ®2

Analysis
Frozen brain samples from the human transgenic mice
were homogenised in 0.9% saline to give a 10%
suspension. This material was cleaved by centrifugation
and the supernatant weated with 0-05 g/L proteinase K
for 1 h at 37°C, as previously desctibed in detail. ® The
digested product was denstured then loaded onto & 10%
Bis/Tris NuPAGE Novex gel (lavittogen, UK). After
clectrophoresis the gel was blotted onto polyvinylidine
difluoride {PVDF) membrane. We used the ECL+
technique (Amersham Biosciences, UK) with primary
antibody 614 (Prionics, Switzerland) at 1:40000 and an
anti-mouse IgG peroxidase-linked secondary (Amersham
Biosciences, UK) at 140000 for the detection of PrP.
Chemiluminescence was captured on radiographic flm.
Samples prepared for figure 1 were digested overnight at
37°C with 500 umits of PNGaseF {New England Biolabs,
UK) and not with proteinase K: the primary antibody was
78127

Frozen brain samples from the bovine transgenic mice
werc homogenised in sn NP40 buffer {0-5% v/v NP4,
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0:5% w/v sodium deexycholate, 0-9% w/v sodium
chloride, 50mM Tris-HCl pH 7-5) to give a 10%
suspension, This material was cleared by centrifugation
and the supernatant digested with PNGaseF. The
products were denatured then loaded onto & 12% Novex
Tris/Glydne gel (Invitrogen, UK). After electrophoresis
the gel was blotted onto PVYDF membrans, PrP was
identified with the SuperSignal West Dur
chemiluminescence detection kit (Pierce, UK) with
primary antibody 8H4* at 1:20000 and an anti-mouse
1gG peroxidaselinked secondary (Jackson Immuno
Research Laboratories, UK) at 1:10000. Images were
captured on radiograpbic film and with a Kodak 440CF
digital imager (figure 1).

Role of the funding source

The spomnsors of this study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report. The corresponding author had full
access 1o all the data in the stady and had final
responsibility for the dedsion to submit for
publication.

Results
We first investigated the potential effects of the species
barrier between BSE and human beings and any
slteration in that barrier once BSE bad passed through
people in the form of vCJD. We then investigated the
effect of the codon-129 polymorphism on humansto- abundant in the thelamus and hippocampus. but was
human ransmission of vC]D using gene-targeted inbred  recorded throughout other regions of the brain, The
mice developed by direct replacement of the murine PrP  cerebral cortex showed only occasional plaque.like
gene for the human gene. These mice produce PrPunder  structures and the cerebellum had only a few areas of
the control of the nermal regulatory elements for PrP  PrP* deposition limited to the granule cell layer. Further
and thus express physiological concentrations of PrP  pathalogical analysis was undertaken on mice that were
with the correct tissue distribution (figure 1). Three culled for reasons other than clinical TSE (intercurrent
inbred lines with an identical genetic background were  deaths). This analysis showed that all the brains had
produced 1o express human PrP with the codon-129 MM,  pathological signs of TSE disease in texms of vacuolation
MV, and VV genotypes (designated HuMM, HuMV. and  or PrP deposition. Thus, all the bovine transgenic mice
HuVV, respectively). Each line differs by only a single (22/22) seemed to be susceptible to BSE infection,
codon in PRNP and in all other respects the mice were  although not sll developed clinical signs of infection
genetically identical. Additionally, in an identical mannet,  (tables 1and 2).
we produced mice that express bovine PrP to emable  HuMM, HuMV, and HuVV mice were inoculated with
direct comparisons to be tnade mnot only between BSE material and afier extensive pathological analysis all
transgenic and wild-type mice, but alse between each of were confirmed as negative for TSE transmission
the mansgenic lines. (table 1). Mice of each genotype line were inoculated with
Typical clinical signs of TSE disease were seeninmore  vCJD material. Two pathologically confirmed clinically
than half (15/22) the BovIg mice inoculsted with BSE  positive mice were seen in the HuMM line (at 497 and
material with a mean incubation period of 551 days (SD 630 days post inoculation), one in the HuMV line (at
47). These clinical cases were confirmed by a positive
test for the presence of TSE vacuolation or PrP%
deposition by immunecytochemistry. The lesion profiles
generated for targeting and degree of vacuolation
showed similar patterns for all positive mice.
Immunocytochemical data showed PrP* deposition
mainly in a diffuse and synaptic form, and also as
plaque-like structures, frequently associated with areas
of spongiform change {figure 2). Deposition was most
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Dadiglytosyiuted PrP» band: glycosylatad Pre= band; Us unglycasylated
PrP™ band. T-2B correspondsto human vCJD brain homogenate showing the
typical PrP~ type 28 and T-1 cotrasponds to human ¢CJD brain homogennte
showing thetypical Pri* type 1 signature. Type: 28 and 1 difter in mability of the
unglycosylated band (~19 kia and ~20 kD3 respectively) and the degree of

,LI, '1 . ')rilt 'l od A 2 ‘M 1 -:; ’J mem
respectively). All amples were treated with proteinase K The anti-PyP detection
antibody was 6M4. Yhe HUMVY and T2-B cortrol blot had to be overaxposed 38
the signal fromthe HUMV was wesk, due o the low levels of PrP* seen by

665 days post inaculation), and none in the HuVV line
(table 3). HuMM mice were more likely to show disease-
associated vacuolation, beginning at around 500 dayz
post inoculation. Six were scored positive and showed
similar distribution of vacuolation in the brain, with the
highest levels found in the dorsal medulla, thalamus, and
cerebellar white matter. By contrast, only a single mouse
in each of the HuMV and HuVV groups scored positive
for vacuolation at approximately 700 days post
inoculation.

Most of the HuMM mice (11/15) showed PrP¥
deposition in most areas of the brain at a refatively early
stage (from around 370 days post inoculation), before the
vacuolar pathology became evident. From 500 days post
inoculation the appearance of vacuolation was
accompanied by 3 significant increase in PrP* deposition.
By contrast, although PrP= deposition was identified in
many HuMV mice (11/13), they had litle deposition
restricted to only a few areas (inctuding the ventrolateral
and ventromedial thalamic nuclei and the red nucleus of
the mid-brain), even after 700 days post inoculation

4 L4

(fgure 2, table 4). Although PrP* deposition was clearly
present at 581 days, the timing of initial onset of
deposition in this line was not establiched.

Significant levels of PrP* deposition were noted in the
brain of the subclinical HuVV case. Indeed. these were
similar in jptensity to those observed in the clinical
HuMM cases. Patterns of PP deposition and plaque
formation show differences among the three genotypes.
including the presence of florid plaques only in the
HuMM mice (table 4),

PrP* found in vC]D brain is characterised by a 19 kDa
non-glycoeylated fragment and the predominance of the
diglycosylated form (type 2B).2 Both biochemical
properties of PrP* are maintained when vC]D is
tansmitted to the human transgenic mice, irrespective
of their codon-129 genotype (figure 3). Preliminary
densitomewric amalysis suggested that there was an
increase im the diglycosylated form in the HuVV mouse
compared with the HuMM mouse. Additionally,
compatison of PrF* from the BSE inoculurn and brain
materfal from BovTg mice sigo confirmed propagation of
the predominantly diglycosylated glycoform signature of
PrpPh associated with the BSE/VC]D agent strain (data not
shown).
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Discussion
Although the catfle BSE epidemic in the UK has
amounted to more than 180 000 cuses since the 1980s,
the extent of the human vCJD epidemic has so far
remained limited with the totsl number of cises
worldwide currentdy at 190. One explanation for this
' appaTent discrepancy is that there exists a significant
species barrier between cattle and human beings, which
limite the susceptibility of the humen population to
BSE. The data shown here suggest that this could
indeed be the case since BSE was readily transmissible
to the bovine wansgenic mice but pot to the human
transgenic mice. However, once BSE has passed
through human beings in the form of vC]D, the
transwiesibility of this TSE strain is alicred for the
human population.

All the human transgenic lines inoculated with BSE
were negative for TSE wansmission, which suggests that
eithey the human transgenic lines are relatively resistant
to transmission of BSE or the incubation time is longer
than the. length of the experiment (approximately
700 days). BSE transmission previously obsewved by
others, in human transgenic lines overexpressing the
human prion protein, could be due to overexpression of
the PrP gene and may not therefore give a true reflection
of the species barrier between BSE and human
beings.*#* This apparent resistance of human transgenic
mice to BSE could be explained by a large spedies barriex
snd this in tum could sxplain the low number of vCjD
cases in the human population.

vC]D was transmitted to all three humnan lines with
different pathalogical characteristics for each genotype,
and a gradation of transmission efficiency from MM to
MV to VV. The greater transmission efficiency in HUMM
mice suggests that homozygosity for methionine at
codon 129 leads to eatlier omset of TSE-related
pathological features and dlinical disease than for the
other two genotypes. The differences in PrP*™ deposition
in the HuMM and HuMYV lines suggest that the codon-
129 polymorphism in human beings is likely to affect
the distribution of PYP* deposition in the brain.
Moreover, the similar numbers thet scored positive for
PrP deposition in ¢ach of the MM and MV groups (11/15
and 11/13 respectively) suggest that the two genotypes
might be equally susceptible to vC]D, but with different
incubation periods. Titration experiments are needed to
fully compare the susceptibility of each line. The single
HuVV mouse positive for PrP* shows that VV
individuals may Le susceptble to vC]D with very long
ineubation times, including a lengthy subclinical phase.
Ttansmission studics from all three genotype mice are
now underway to examine the infectous nature of the
disease and determine any alteravions in the strain
characteristics on passage through human transgenic
mice. By contrast with published data suggesting that
VV individuals cannot propagate the vC]D biochemical
phenotype,® the data presented here suggest that the

com Pubfish
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PyP* type will remain a useful diagnostic feature of
secondary vC]D imfection irrespective of codon-129
genotype, as has been observed for the two extant cases
of ransfusion-associated vCJD infection.*”

Transmission of vCJD to the three lines of human
transgenic mice indicates that the human population
could be at significantly heightened risk of developing
dicease after iamogenic exposure to vCJD. Secondary
transmission of vC)JD has partly removed the cattle-to-
human spedes barrier and has resulted in an agent that
can be transmitied from human to human with relative
efficiency. Transmission studies in cynomolgus macaques
provide further evidence for this agent adaptation as they
show reduction in incubation times after serial passage
of BSE® Our BSE inoculation at 10" dilution was
compared with vC]D inoculation at 10 because the latter
inoculum was found to be toxic to the mice at 10°. Use of
3 higher dose of vCJD inoculurn would have maintained
or increased the transmission efficiency of vC]D and
enhanced the current findings.

Our findings maise concerns relevant to the possibility
of secondary tramsmission of vC]D through blood
transfsion, fractionated blood products, or contaminated
surgical instruments. For this study mice were injected
intracerebrally, whereas the probable human exposure to
these agents is by periphers] routes (eg, oral or
intzavenous), snd thus human.o-human exposutes
might be significantlyless efficient. However, it is difficult
10 know for sure what the practical implications might be
in human beings. Peripheral route challenge is in
progress; however, BSE transmission studies in primates
have shown the intravenous toute to be as efficient as the
intracerebral route, with an extension of the incubation
time™

Althongh all cases of VCJD up to now have been
observed in the MM genotype, this model of human-to-
human vC]D transmission snggests that other genotypes
arc also susceptible. In our experimental setting, all
PRNP codon-129 genotypes are susceptible to vCJD
infection; however. progressive development of
pathological TSE features (vacuolation and PrP
deposition) is more rapid in the MM-genotype mice. An
gxplanation for this finding might be provided by in-vitro
conversion of recombinant human PrP by BSE and vCJD
agents, which has shown that PrP with methionine at
position 129 is more efficiently converted than PrP with
valine, and that conversion by vCJD is significantly more
efficient than by RSE= Long incubation periods during
which PrP* is deposited predicts that, in human beings,
infection could be presentin all genotypes for a significant
period befora clinical onset, Incubation periods of more
than 30 years have been reported in the human TSE
diseasze kuru ®

The possibility that an MV or VV genotype could result
in a phenotype distinct from that recogniced in vCJD
draws attention to the importance of systematic
assessmemt of the dinical, genetic, pathological, and
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biochemical features of all hurnan prion disesses, Our
fmdings indicate that for human-to-buman vC]D
infection it should be assumed that 3ll codon-129
genotype individuals (not just MM) n be infected, that
long inenbation times can occur, and that & significant
level of subclinical disease might be present in the
population.
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Of miceand men...and v(JD

Variant Creutfeldt~jakob Disease (vCJD) has become a
serious public-health concern in Europe, especially in the
UK, singe it was first described in 1996.* This new prion
disease in human beings, acquited by ingestion of food
contaminated bythe bovine spongiform encephalopathy
(BSE) agent, has raised new questions not only about
food safety, but also about the possibility that human
prion diseases could be transmitted from human to
human, Before the occumrence of v(D, two major
instances of human-to-human transmission of a prion
disease, most probably from index cases of sporadic CJD,
have been described. The first example is Kunu, a disease
that was transmitted by consumption of infected viscera
during cannibalistic mortvary rituals in Papua New
Guinea. Kury was successfully eradicated by prohibition
of these practices, The second occurred when about 180
children and young adults, mainly in France, the UK, and
the USA, developed iatrogenic CJD after intramuscular
injection of growth hormone extracted from human
pitvitaries. Replacement of human growth hormeone
with recombinant growth hormone is halting this
epidemic. ‘

To date, 161 cases of vCJD have been reported in the
UK, 18 in France, and 12 in other parts of the world
(although these are most probsbly of UK origin). There
are several reasons why iatrogenic transmission of v(jD
is a particular problern. The first is that the prevalence of
the disease is unknown—the extent of human exposure
to BSE and v(JD and the susceptibility of human beings
to this particular prion strain are unknown. The second is
that prions in general, and vCfD prions in particular, are
resistant to conventional sterilisation procedures. The
third is that vCJD prions are more widely distributed in
the organism than their sporadic (JD counterparts, thus
the threat of transmitting the disease via common
medical practices, such as surgical procedures or the use
of blood-derived products, is increased. Two cases of
transmission via blood transfusion have been reported 2
Human ption protein (PrP) is unique in that it exhibits a
polymorphism at codon 129, which can be occupied by
either methionine (M) or valine (V). This polymorphism
is known to be a major determinant for susceptibility to
human prion diseases, 40% of the Caucasian human
population is MM homozygous, 10% is VV homozygous,
and 50% is MV heterozygous. All cases of human v()D

have been in patients with the MM genotype, which
suggests that the MV and VV genotypes are protective.

In this issue of The Lancet Neurology, Matthew Bishop
and colleagues* show that, at least in the transgenic
mouse model, all human genotypes at PrP codon 129
are to some extent susceptible to infection with vCJD.
Bishop and colleagues used a sophisticated mutine
model of the human disease. By use of a gene-targeting
process they replaced the murine PrP gene with its
human counterpart, thereby ensuring that human PtP is
expressed at the same physiolagical level and with the
same distribution as the natural mouse PtP.

Non-human primates offer the possibility to study
v(JD in an organism closer to human beings; tissue
distribution of the infectious agent, the efficiency of
different routes of infection, and the neuropathology of
vCJD after subsequent primate to primate transmigsions
have been shown in the ¢cynomolgus macaque model
However, non-human primates are all homozygous for
methionine (MM) at codon 129 of the PrP gene. Hence,
transgenic mice expressing human PrP are the only
suitable model ta study the effect of variation at codon
129 on human susceptibility to BSE and vOD.

Bishop and colleagues ineculated transgenic mice
homozygous for methionine or valine (MM or W) or
heterozygous (MV) with extracts of bovine or human
brain infected with BSE or v(JD, respectively. BSE did
not transmit to any of the transgenic mice arrying the
human PrP gene, which indicates a transmission barrier
between ¢attle and human beings. However, although
MM and MV mice were equally susceptible to v(JD {(as
shown by the presence of vacuolation and deposition of
abnormal PrP [PrP*]), most of the MV animals did not
develop clinical signs within their lifespan. Would they
have developed dinical signs if they had lived longer?
Whatever the answer, the ralevance for human vCJD is
that prevalence is probably greater than the observed
incidence and that there might be as many MV
subclinical carriers as there are MM individuals who have
already developed or are incubating the disease. VV
individuals, by contrast, might be less susceptible as the
transmission rate in the \WV transgenic mice was greatly
reduced. Of direct diagnostic importance is that all
genotypes displayed the same characteristic pattern of
Prev  after gel elactrophoresis, although the
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neuropathological features varied with the codon-129
genotype.

Collinge and colleagues™ described transmission of
BSE 10 humanised transgenic mice and the occurrence of
a distinct type of PrP* in VV mice inoculated with vC)D.
These differing findings are probably due to the fact that
the mice ysed in the previous studies, which were
generated by introducing multiple copies of the human
gene into a PrP knockout mouse, expressed twice to
fourfold the physiological concentrations of PP found in
human brain. However, the major finding of both
Collinge’s group and the current study by Bishop and
colleagues* is the existence of subclinical infections in all
codon-129 genotypes.

Bishop and ¢olleagues’ results also show once again
that PrP gene homology is not entirely responsible for
interspecies transmission, which suggests that another
yet unknown factor is important for prion replication.
Infection with BSE caused disease only after an average
of 550 days in mice expressing the bovine PrP—ie, no
sooner than in most strains of wild-type mice.?

Data obtained in mice cannot truly reflect the
physiclogical conditions of the human infection, and
these studies have utilised intracerebral inoculations,
whereas most human-to-human transmissions have
occutred by peripheral exposure. Notwithstanding the
need for some caution in the extrapolation to the human
situation, the present study clearly shows that, unlike
sporadic (JD, iatrogenic CJD, or Kuru,** the genotype
protective against v(JD is probably not heterozygosity at
codon 125, but W homozygesity, Even mare
importanty, this study shows that all individuals,
irrespectiveof codon-129 genotype, might be susceptible

1o secondary transmission of vCID. In other words, some’
MV individuals and a very small number of W individuals
could become asymptomatic carriers. In this regard it is
vnfortunate that only 10% of the population carries two
V alieles, reducing the impact of this partly reassuring
finding.
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