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Summary 
Background Identification of possible transmission 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 trtnsmission efficiencies of vCJD and bovine apongiform encephalopathy (BSE) and an 

assessment of the effect of the codon-129 polymorphism on htmran susceptibility. 

Methods Mice were produced to express human or bovine prion protein (PrP) by direct replacement of the mouse PrP 

gene, Since the human PrP gene has variational codon 129, with MM, W, pad MV genotypes. three inbred lines with 

an identical genetic background were produced to express human PrP with the codon-i79 MM, MV, and W genotypes-

Mice were inoculated with ESE or vCJD and assessed for clinical and pathological signs of disease. 

Findings BSE was trarrsrnitted to the bovine line but did not transmit to the human Unes• By contrast, vCiD was 

transmitted to all three human lines with different pathological characteristic for each genotype and a gradation of 

transmission efficiency from MM to MV to W. 

Interpretation Transmission of BSE to human beings is probably restricted by the presence of a significant spies 
barrier. However, there seems to be a substantially reduced barrier for man-to-human transmission of vCJD. 

Moreover, all individuals, irrespective of codon-129 gcnotype could be susceptible to secondary transmission of vCID 

through router Such as blood transfusion. A lengthy predinicel disease is predicted by these models, which may 

represent a risk for further disease transmission and thus a significant public-health issue. 

Introduction 
After the identification of variant Creutzfeldt•Jalcob 
disease ('Cl D) 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 (SSE) 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 fi•orn the low hundreds to 
hundreds of thousands' However. findings from a 
retrospective immunocytochemical study that aimed to 
detect prion protein (PrP) in appendix and tonsil 
specimens suggested a prevalence of BSE infection of 

237 per million people in the UK-' DNA sequence 
analysis of the PrP gene (PRNP) in vCJD has shown 
that 100% of tested cases are homozygous for 

mrthionine 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 a 
limiting variable in most mathematical predictions of 
the size of the epidemic?' Identification at autopsy of 
preclinical vCJD infection in a methioriine/valise (MV) 
heterosygous individual who had received a transfusion 
of red cells from a donor who later died of vCJD, was 
the first indication that MM might not be the only 
susceptible genotype.' 

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

have not been established cs Codon 129 of the human 
PRNP gene has been shown to affect the clinico-
pathological phenotype: of disease in CID and fatal 
familial ins0nmia.64 Heterozygosity at PRNP codon 129. 
when compared with homozygous individuals, has been 
reported to lengthen incubation times in iatrogenic CJD 
cases associated with growth hormone treatment, and in 
lctuu," whereas valise homozygosity (W) has been 
proposed to be protective for both BSE and vCJD 
transmission in studies that used murme models 
overeepressing human PrP rs At a molecular level, the 
biophysical properties of PrP refolding into the disease 

associated form (PrPk) hove been shown to be affected by 
the codon•129 genotype, with the methionine variant 
having an increased propensity to form PrP'-like 
smsctures 5 

We sought to analyse the transmission eharacteristfcs 
of BSE and vCJD to four inbred lines oftransgenic mice 
after intracerebral inoculation with brain homogenate 

from cases of vCJD and ESE. We then aimed to use these 
models to address the apparent low level of vCJD in the 

human population restdting from exposure to BSE and 
to predict the potential for human-to-human spread of 
vCJD and the susceptibility of different genotypes in the 
human population. 

Methods 
7ransgenic mice 
Details of how the gene-targeted transgenic lines were 
cleated are supplied as supplementary information 
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Fgnft 1; Wu em blot of brain oatroc* from vnlnoculatad mlce showing that 
Pd" Rdet t.d itfiequivalentlieRfepl,oq tic rTOyand9lnvfom 
ratio in dl rhea human tnnsgenk buss 
D=diglycasylated FrP' band; M-monoglycoylsed PrP' band: U-unglytosyiated 
PrP band. In the BorT$ Rne, a tieytyws7Aated band is detected of incrumd 
rnokcular weight duetothe nicitiorvl N•terminalonapeptide repeat motif. 
Protein le~elsate sirni4rtothe wildtype line used in generating the trarsgenio 
(S9Dta), Glymsylauon Is conhmted by the reduelen is single band afar 
degfycosylaiton with the e.ayn< PN GaieF.The ants-PrP antibody7At2 was used 
td iht HumT5 blot as it win na( with both mutiny and human Pup, 1r, 5H4 
was used for the BcVTg blot 

(webappendix). Transgenic mice were anaesthetisedwith 
halothane and then injected with 0.02 mL of brain 
homogenate into the right cerebral hemisphere- The 
vC)D tissue homogenate (at 100 dilution) was supplied 
by the UK National Institute for Biological Standards 
and Control (Code NHEY0/0003)_ BSE•infetted cattle 
brain (Veterinary Laboratories Agency, reference BBP 
12/92) was prepared by maceration of the tissue in sterile 
saline to a dilution of 10•r. From 100 days they were 
scored each week for signs of disease' Mice were killed 
by cervical dislocation whether they had clinical signs of 

F+gwe2 Est 7 of ttistolegicaJ aachom witis ant3-PtP antibody 6114 thowing the cartes, 
hpeeampal, aedt elarric usfese uf8.e mmne brain with P,P detaetion (tw°wn) 
Ml Hu,ssn tranr.na m rewi tit vrlb inxulum. A: HuMM matae 693 days post inoculation. $: HuMV mouse 
707 , yapvslinoculation.c.iivW,no~se693dayspostinoculationD-frnidplaquesfoundintheiupP +Puui 
of the Whim niorae m panelA. gad plage.ltan eueeelncvlclhlu sorewlth a paler halo and h surmurtdad by 5 rng 
of vacuolbion qh maim ytm and eosin stain). t; Hippos rr>pal region of a Borlg mouse inoculated with USE. Pit' 
i3 depeart.d in a mort diH use/9ranula formwilli uccuienal play. o3. 

transmissible spongiform encephaalopathy (TSE) or 
another norl-specifc disordeL The brain was recovered 
at post mortem- Half the brain was snap-frozen in liquid 
nitrogen for biochemical analysis and the remaining half 
was fixed for histology_ 

Procedures 
Immunocytochemical detection of dsease•associated 
PrP (PrPk) 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 TSF agent and by the host PrP "t' 
After fixation in 10% formal saline, brains were treated 
for 1'5 h in 98% formic acid (to reduce the titre of 
infectivity for safety reasons), cut h-ansversely into four 
sections, and embedded in paraffin. We used the 
Vectastain Elite ABC Kit (Vector labs, UK) with 
overnight primary antibody incubation (6144 at 1:2000; 
PrioniCs, Switzerland) for Fr? detection. Identification 
of antibody binding was through deposition of 3,3'-
diaminobenzidine chromogen vie a horseradish 
peroxidase reaction. The BSE-inoculated human 
transgenics were also studied using the Catalysed Signal 
Amplification rat (DAKO K1500). This kit uses the same 
principles as the Vector Labs kit, but has an additional 
step, which amplifies the final detected signal and 
therefore improves sensitivity. 

Scoring of the abundance and location of TSE-
associated vacuolation in .grey and white matter of the 
brain is routinely used for diagnosis and strain 
classification in non-trance nic 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-
master region to prodetee a lesion profile, as previously 
desrn"bed 2'-" 

Analysis 
Frozen brain samples from the human transgenic mice 
were homogenised in 0.9% saline to give a 10% 
suspension. This material was cleared by centrifugation 
and the supernatant treated with 0.05 gfL proteinase K 
for I h at 37°C, as previously described in details' The 
digested product was denatured then loaded onto a 10% 
Bis/Tris NuPAGE Novex gel (Invitrogen, UK). After 
electrophoresis the gel was blotted onto polyvinylidine 
difluoride (PVDF) membrane, We used the ECL+ 
technique (Amersham Biosciences, UK) with primary 
antibody 0H4 (Prionics, Switzerland) at 1:40000 and an 

anti-mouse IgG peroxidase•linked secondary (Amersham 
Eiosciences, UK) at 1:40000 for the detection of Prp. 
Chemilumine_scence was eaptlared on radiographic film. 
Sa=mples prepared for figure I were digested overnight at 
37°C with 500 units of PNGaseP lNew England Biolabs. 
UK) and not with proteinase K: the primary antibody was 
7Al2.z1

Frozen brain samples from the bovine tanagenic anke 
were homogenised in an NP40 buffer 10.5%v/v NP40, 
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0 , S% w/v sodium deoxycholate, 0.9% w/v sodium 
chloride, 50mM Tris-HC1 pH 7.5) to give a 10% 
suspension. This material was cleared by centrifugation 
and the rupernatmt digested with PNCaseF. The 
products were denatured then loaded onto a 12% Novex 
TrisjGlycine gel (invitrogen, UK), After electrophoresis 
the gel was blotted onto PVr)F membrane, PrP was 
identified with the SuperSignal West Dura 
chemiluminescence detection kit (Pierce. U K) with 
primary antibody 8H4" at 1:20000 and an anti-mouse 
lgG peroddase-linked secondary (Jackson lmmuno 
Research laboratories, UK) at 1:10000. Images were 
captured on radiographic film and with a Kodak 440CF 
digital imager (figure 1). 

Role ofthefunding source 
The sponsors 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 to all the data in the study and had final 
responsibility for the decision to submit for 
publication 

Results
We first investigated the potential effects of the species 
bamer between BSE and human beings and any 
alteration in that barrier once B51 had passed through 
people in the form of vCJD- We then investigated the 
effect of the codon-129 polymorphism on hurz~an.ta 
buman transmission of vCJD using gene-targeted inbred 
mice developed by direct replacement of the murine PrP 
gene for the human gene- These mice produce PrP under 
the control of the normal regulatory elements for PrP 
and thus express physiological concentrations of PrP 
with the correct tissue distribution (figure 1). Three 
inbred lines with an identical genetic background were 
produced to express human PrP with the codon-129 MM, 
MV. and W genotypes (designated HuMM, I;uMV. and 
HuVV, respectively). Each line differs by only a single 
codon in ?RNP and iii all other respects the mice were 
genetically identical. Additionally, in an identical manner. 
we produced mice that express bovine PrP to enable 
direct comparisons to be made not only between 
transgenic and wild-type mice, but also between each of 
the transgenic lilacs: 

Typical clinical signs ofTSE disease were seen in more 
than half (15/22) the BovTg mice inoculated with BEE 
material with a mean incubation period of 551 days (SD 
47). These clinical cases were confirmed by a positive 
test for the presence of TSE vacuolation or PrPa 
deposition by immunocytochemistry. The lesion profiles 
generated for targeting and degree of vacuolation 
showed similar patterns for all positive mice. 
Immunocytochemial 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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abundant in the thalamus and hippocampUs. but was 
recorded throughout other regions of the brain. The 
cerebral cortex showed only occasional plaque•Jlke 
structures and the cerebellum had only a few areas of 
PrPs,  deposition limited to the granule cell layer. Further 
pathological analysis was undertaken on mice that were 
culled for reasons other than clinical TSE (intercurrealt 
deaths). This analysis showed that all the brains had 
pathological signs ofTSE disease in terms ofvacuolation 
or PiP deposition. Thus, all the bovine transgenic mice 
(22/22) seemed to be susceptible to BSE infection. 
although not all developed clinical signs of infection 
(tables 1 and 2). 

HuMM. HuMV, and HvVV mice were inoculated with. 
BSE material and after extensive pathological analysis all 
were confirmed as negative for TSE transmission 
(table 1). Mice of each genotype line were inoculated with 
vCJD material. Two pathologically confirmed clinically 
positive mice were seen in the HuMM line (at 497 and 
630 days post inoculation), one in the HuMV line (at 
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665 days post inoculation), and none in the 14uVV line 
(table 3)- HuMM mice were more likely to show disease-
associated vacaolatiott, begim2ing at around 500 days 
post inoculation. Six were scored positive and showed 
similar distribution ofvscuolation 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 HuW groups scored positive 
for vacuolation at approximately 000 days post 

inoculation. 
Most of the HuMM mice (X1/15) showed PrP" 

deposition in must areas of the brain at a relatively early 
stage (from around 370 days post inoculation), before the 
vacuous pathology became evident From 500 days post 
inoculation the appearance of vacuolation was 
accompanied by a significant increase in PrP" deposition. 
By contrast, although PrP'' deposition was identified in 
many HuMV mice (11/13), they had little deposition 
restricted to only a few areas (including the ventrolateral 
and ventromedial thalamic nuclei and the red nucleus 9f 
the mid-brain.), even after 700 days post inoculation 
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(figure 2, table 4), Although PrP" deposition was clearly 
present at 581 days, the timing of initial onset of 
deposition in this line was not established. 

Significant levels of PrP' deposition were noted in the 
brain of the subdinical HuW case. Indeed, these were 
similar in intensity to those observed in the clinical 
HuMM cases. Patterns of PiP deposition and plaque 
formation show di$erences among the three genotypes. 

including the presence of florid plaques only in the 
UuMM mice (table 4). 

PrP& found in vCJD brain is chareaeriscd by a 19 kDa 
non-glycosylated fragment and the plredomizance of the 
diglycosylated form (type 28).n Both biochemical 
properties of PrP" are maintained when vC)D i5 
tzansavtted to the human tratlegenic mice, fnespeettve 
of their codon-129 genotype (figure 3). Preliminary 
detssitometric analysis suggested that there was an 
increase in the diglycosylated form in the HuVV mouse 
compared with the HuMM mouse. Additionally. 
comparison of PrP" from the BSE inoculum and brain 
material from BovTg mice also confirmed propagation of 
the predominantly diglycosylated glycoform signature of 
PrP" associated with the BSE/vC)D agent strain (data not 
shown). 
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Discussion 
Although the cattle ESE epidemic in the UK has 
amounted to more than 180 000 cases since the 1980s, 
the extent of the human vCJA epidemic has so far 
remained limited with the total number of cases 
wor.dwide currently at 190. One explanation for this 
apparent discrepancy is that there e:.ists a significant 
species barrier between cattle and human beings, which 
limits the susceptibility of the human population to 
BSE. The data shown here suggest that this could 
indeed be the case since BSE was readily transmissible 
to the bovine transgenic mice but not to the human 
transgenic mice- However, once 13SE has passed 
through human beings in the form of vCJD, the 
transmissibility of this TSE strain is altered for the 
human population. 

All the human transgenic lines inoculated with BSE. 
were negative for 'TSE transmission, which suggests that 
either the human transgenic lines are relatively resistant 
to transmission of BSE or the incubation time is longer 
than the fl length of the experiment (approximately 
700 

days). 

BSE transmission previously observed 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 ofhumantransgenic 
mice to BSE could be explained by a large species barrier 
and this in toxic could explain the low number of vCJD 
cases in the human population. 

vCJD was transmitted to all three human lines with 
different pathological characteristics for each genotype, 
and a gradation of transmission efficiency from MM to 
MV to W. The greater transmission efficiency in Hut M 
mice suggests that homozygosity for mcthionine at 
codon 129 leads to earlier onset of TS -related 
pathological features and clinical disease than for the 
other two genotypes. The differences in PrPk deposition 
in the HuMM and HuMV lines suggest that the codon-
129 polymorphism in human beings is likely to affect 
the distribution of PrP' deposition in the brain-
Moreover, the similar numbers that scored positive for 
PrP deposition in each of the MM and MV groups (11/15 
and 11/13 respectively) suggest that the two genotypes 
might be ecJually susceptible to vCJD, but with different 
incubation periods. Titration experiments are needed to 
fully compare the susceptibility of each line. The single 
HoW mouse positive for PrP" shows that VV 
individuals may be susceptible 

to 

vCJD with very long 
incubation times, including a lengthy subclinical phase. 
Transmission studies from all three genotype mice are 
now underway to examine the infectious nature of the 
disease and determine any alterations in the strain 
characteristics on passage through human transgenic 
mice. By contrast with published data suggesting that 
W individuals cannot propagate the vCJD biochemical 
phenotype, the data presented here suggest that the 

PrP'' type will remain a useful diagnostic feature of 
secondary vCJD infection Irrespective of codon-129 
genotype. as has been observed for the two extant cases 
of transfusion-associated vCJD infection.' 

Transmission of vCJD to the three lines of human 
transgenic mice indicates that the human population 
could be at signifcantly heightened risk of developing 
disease after iatrogenic exposure to vCJD. Secondary 
transmission of vCJD has partly removed the cattle-to-
human species barrier and has resulted in an agent that 
can be transmitted 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 vCJD inoculation et l0'' because the latter 
inoculum was found to be toxic to the mice at 10'- Use of 
a higher dose of vCJD iriocttlum would have maintained 
or increased the transmission efficiency of vCJD and 
enhanced the current findings. 

Our findings raise concerns relevant to the possibility 
of secondary transmission of vCJD through blood 
transfusion, fractionated blood products, or contaminated 
surgical instrumer'ts- Per this study mice were injected 
intracerebrally, whereas the probable human exposure to 
these agents is by peripheral routes (eg. oral or 
intavenous), and thus human-to-human exposures 
might be significantly less efficient. Howeve; it is difficult 
to 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 route to be as efficient as the 
intracerebral route, with an extension of the incubation 
time.' 

Although all cases of vCJD up to now have been 
observed in the MM genotype, this model of human-to-
human vCJD transmission suggests 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 
explanation for this finding might be provided by in-vitro 
conversion of recombinant human PrP by 13SE and vCJD 
agents, which has shown that PrP with methionine at 
position 129 is more efficiently converted than PeP with 

valine, 

and that conversion by vCJD is significantly more 
efficient than by BSE' Long incubation periods during 
which PrP' is deposited predicts that, in human beings, 
infection could be present in all genotypes for a significant 
period before clinical onset. Incubation periods of more 
than 30 years have been reported in the human TSE 
disease ltutu-" 

The possibility that an MV or VV genotype could result 
in a phenotype distinct from that recognised in vCJD 
draws attention to the importance of systemati< 
assessment of the clinical- genetic, pathological, and 
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biochemical features of all human prion diseases. Our 
fmditigs indicate that for human to-kruman vCJD 
infection it should be assumed that all codoa-129 
genotype individuals (not just MM) can be infected, that 
long incubation times can occur, and that a significant 
level of subclinical disease might be present in the 
population. 
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Of mice and men... and vCJD 

Variant Creut2feldt Jakob Disease (vCJD) has become a 
serious public-health concern in Europe, especially in the 
UK, since it was first described in 1996: This new prion 
disease in human beings, acquired by Ingestion of food 
contaminatedbythe bovine spongiform encephalopathy 
(BSE) agent, has raised new questions not only about 
food safety, but also about the possibility that human 
priori diseases could be transmitted from human to 
human. Before the occurrence of vCJD, 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 Kuru, a disease 
that was transmitted by consumption of infected viscera 
during cannibalistic mortuary rituals in Papua New 
Guinea. Kuru 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 iatrogenk CJD after intramuscular 
injection of growth hormone extracted from human 
pituitaries_ Replacement of human growth hormone 
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 probably of UK origin). There 
are several reasons why iatrogenic transmission of vCJD 
is a particular problem. The first is that the prevalence of 
the disease is unknown—the extent of human exposure 
to BSE and vCJD and the susceptibility of human beings 
tothis particular priori strain are unknown. The second is 
that prions in general, and vCJD 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 CJD 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 
Human priori protein (PrP) is unique in that It exhibits a 
polymorphism at codon 129, which can be occupied by 
either methionine (M) orvaline (V)_This polymorphism 
is known to be a major determinant for susceptibility to 
human priors diseases, 40% of the Caucasian human 
population is MM homozygous, 10% is W homozygous, 
and 50% is MV heterozygous. All cases of human vCJD 
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have been in patients with the MM genotype, which reuineaonline 
suggests that the MV and W genotypes are protective. Dvl;s0v74r5474.4477(4) 

In this issue of The Lancet Neurology, Matthew Bishop 7o4s4-a 

and colleagues' show that, at least in the transgenic 5erah1e0n1inalArti 4d 

mouse model, all human genotypes at PrP codon 129 
006 1 
7Q4 .6 

6151474-4422(06) 

are to some extent susceptible to infection with vCJO. 
Bishop and colleagues used a sophisticated murine 
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 physiological level and with the 
same distribution asthe natural mouse PrP. 

Non-human primate$ offer the possibility to study 
vCJD 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 transmissions 
have been shown in the eynomolgus macaque model se 

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 to study the effect of variation at codon 
129 on human susceptibilityto BSE and vCJD. 

Bishop and colleagues inoculated transgenic mice 
homozygous for methionine or valine (MM or W) or 
heterozygous (MV) with extracts of bovine or human 
brain infected with BSE o► vCJD, respectively. BSE did 
not transmit to any of the transgenic mice carrying the 
human PrP gene, which indicates a transmission barrier 
between cattle and human beings. However, although 
MM and MV mice were equally susceptible to vQD (as 
shown by the presence of vacuolation and deposition of 
abnormal PrP f PrP"]), most of the MV animals did not 
develop clinical signs within their lifespan. Would they 
have developed clinical signs if they had lived longer? 
Whatever the answer, the relevance for human vCJD is 
that prevalence is probably greater than the observed 
incidence and that there might be as many MV 
subdi n ical 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 W transgenic mice was greatly 
reduced. of direct diagnostic importance is that all 
genotypes displayed the same characteristic pattern of 
PrPi after gel electrophoresis, although the 
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neuropathological features varied with the codon-129 
genotype. 

Collinge and colleagues" described transmission of 
8SE to humanised transgen is mice and the occurrence of 
a distinct type of PrPs in W mice inoculated with vCJD. 
These differing findings are probably due to the fact that 
the mice used 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 PrP 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 subdinical infections in all 
codon429 genotypes. 

Bishop and colleagues' 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 
physiological conditions of the human infection, and 
these studies have utilised intracerebral inoculations, 
whereas most human-to•human transmissions have 
occurred by peripheral exposure. Notwithstanding the 
need for some caution in the extrapolation to the human 
situation, the present study dearly shows that unlike 
sporadic CJD, iatrogenic CJD, or Kunl'a1' the genotype 
protective againstvCJD is probably not heterozygosityat 
codon 129, but W homozygosity. Even more 
importantly, this study shows that all individuals, 
irrespective of codon-129 genotype, might be susceptible 

to secondary transmission of vCD. In other words, some 
MV individuals and a very small number of W individuals 
could become asymptomatic carriers. In this regard it is 

unfortunate that only 10% of the population carries two 
V alleles, reducing the impact of this partly reassuring 
finding. 
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