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Fgure 1 Micrographs of ordered latex templates. a,
Optical microscopy in transmitted fight. The different
colours probably carrespond to crystal domains of
different symmetry or orientation. b, Scanning elec-
tron micrograph (SEM). Ordered latex layers display
either hexagonal or cubic packing. Scale bars:
50 pm and 1 um, respectively.

media. The latex particles accumulated
slowly on the membrane surface, building

| up closely packed, ordered layers roughly

10 wm thick. The deposited crystalline layer
could be broken and detached from the
membrane surface for analysis by light and
scanning electron microscopy (Fig. 1).

To induce silica polymerization the

. microsphere surfaces had to be functional-

ized in situ by adsorption of the surfactant
hexadecyltrimethyl ammonium bromide
(HTAB). We soaked the crystalline latex lay-
ers with 0.02 M HTAB solution for 20 min,
then removed the excess unadsorbed sur-

' factant by washing briefly with deionized

water. We mineralized the cavities in the
arrays by passing 0.5 M silica solution
through the latex-covered filter. The perm-
eability of the layers decreased as the
polymerization process continued, so that
flow through the filter stopped in less than
one minute. When the silica solution had
gelled inside the colloidal crystal layer, we
removed the excess solution and dried the
latex/silica composite under vacuum. The
latex templates inside the polymerized silica
were removed by heating at 450 °C for 4 h,
leaving silica flakes of very low density as
the final product.

Scanning electron microscopy shows

. that the material is built up of three-dimen-

sional ordered arrays of uniform pores.
Examples of the discrete morphology of the
material are shown in Fig. 2. By varying the
size of the latex microspheres used, we were
able to produce organized materials with
pore sizes ranging trom about 150 nm to
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Figure 2 SBM of the microporous silica structures.
Latex particles of a, 560 nm and b, 300 nm diame-
ters were used as templates. Large ordered amays
of spherical cavities, representing a negative replica
of the original colloidal crystal embedded in the sili-
ca, are seen. The silica flakes appear 10 be buit up
of many similar demans with different crystal onen-
tanons. Details of matenals and methads are avail-
able on request from the authors, Scate bars, 1 am.

! pm. A comparison between the repeat
units of the silica replicas and the original
latex crystals showed that the baked materi-
als had shrunk by 20-35%, a value that is
higher than, but comparable to, that in the
M41S mesoporous silicas,

Our results show that it is possible to
obtain highly structured silica materials in
which the pore size, shape and ordering can
be precisely controlled within a wide range
that has previously been unattainable. The
method is powerful and controllable, and
could be adapted for large-scale production.
0.D. Velev, T. A. Jede
R.E Lobo, A. M. Lenhoff
Department of Chemical Engineering,
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Epidemiological and clinicopathological
studies, allied with pathological prion pro-
tein (PrP*) analysis, strongly support the
hypothesis that the human prion disease
new variant Creutzfeldt—fakob disease
{(vCID) is causally related to bovine spongi-
form encephatopathy (BSE)*, but consider-
able controversy remains. Distinct prion
strains are distinguished by their biological
properties on transmission to laboratory
animals and by physical and chemical differ-
ences in PrP* strains. We now find that the
biological and molecular transmission char- -
acteristics of vC]D are consistent with it
being the human counterpart of BSE.

We studied transgenic mice expressing
only human PrP (HuPrP*"* Prn-p®°}, which
have been shown to lack a species barrier to
human prions from one iatrogenic CJD
case’, comparing them with non-transgenic
(FVB) mice. All of 16 further CJD cases,
encompassing a wide range of clinicopatho- '
logical phenotypes, all three PrP% types
reported in sporadic and acquired prion dis- |
eases’ and all PRNP genotypes at polymor- |
phic codon 129, a key determinant of genetic
susceptibility to human prion diseases™, '
were transmitted to these transgenic mice. |

Almost all inoculated transgenic mice |
contracted disease with similar short incuba-
tion periods, consistent with a lack of species
barrier to these isolates {Table 1). These
transgenic mice express human PrP |
homozygous for valine at codon 129. How- |
ever, there was no significant difference in
mean incubation periods between inocula of
the different codon 129 genotypes. PrP* typ-
ing of these transmissions showed that the
same prion types seen in sporadic and iatro-
genic CJD (types 1~3) are produced, distinct
from that seen in vCJD (type 4)". Only occa-
sional transmissions, at longer and variable
incubation periods, were seen in FVB mice.

In contrast, efficient transmission of |
vCID to FVB mice was observed (Table 1)
although incubation periods were pro- |
longed. Conversely, the attack rate of vCJD
in the transgenic mice was reduced in
comparison to typical CJD, and incubation
periods were generally more variable and |
prolonged. Mean incubation periods to
these six vC]D cases were similar in both !
types of mice. The clinical course in vCJD-
inoculated transgenic mice was much longer
than in transmissions of typical CJD. vC]D
in humans is also associated with a long
clinical duration’. Some mice, as well as |
showing typical neurological features, per-
sistently walked backwards. This unusual
clinical sign was not seen in transmissions of
typical CJD, fatal familial insomnia or other
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herited prion diseases.

BSE transmits efficiently to FVB mice’,
albeit with prolonged and variable incuba-
tion periods (Table 1) which fall to a consis-
tent short incubation period of around 140
days on second passage (data not shown).
Transmissions of BSE into the transgenic
mice did not occur at incubation periods
well beyond those of classical CJD’, but we
have now observed transmission with much
longer incubation periods (Table 1). These
transmissions resembled those of vC]D with
a4 long clinical duration and backwards walk-
ing in some animals as well as the otherwise
typical clinical features of mouse scrapie.

There were striking similarities in PrP
deposition patterns between BSE- and
vC]D-inoculated animals (detailed neuro-
pathological studies will be published else-
where). Such patterns are determined by
host genotype as well as by agent strain®. We
saw distinct patterns in the two types of
. mice, but, in each case, vCJD and BSE pro-
duced closely similar patterns. In vCJD- and
BSE-inoculated non-transgenic mice, there
were PrP plaques and diffuse PrP deposi-
tion. In vC]D- and BSE-inoculated HuPrP*'*
Prn-p™ transgenic mice we saw a predomi-
nantly pericellular pattern of PrP immuno-
staining (data not shown). PrP plaques are a
rare feature of prion disease in mice. Occa-
sional mock-inoculated transgenic mice
! showed weaker and less extensive periceilu-
| lar PrP nnmunostamm% , probably reﬂecung
the l'ugh level of PrP* overexpression in
these mice. Western blotting for PrP* was
negative in all these controls.

We performed western blot analysis to
determine the PrP* types produced in these
transmissions. We have previously shown
that the PrP* type seen in vCJD (type 4) has
| a ratio of glycoforms closely similar to that
| of BSE passaged in several other species’.
! vCJD-inoculated FVB mice produced mouse

PrP* with type 4-like glycoform ratios and
fragment sizes indistinguishable from those
! in BSE- moculated FVB nucc (Flg_ 1a.b)
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Fiyuro 1 Transrmssion of pnon dlseases 10 mice. 8, Scattef graph of proportions of protease-rasistant PP in
the high-molecular-mass idi-glycosylated) and ‘ow-moiecular-mass (mono-glycosylated) glycoforms in ind-
vidual human cases and FVB mice with experimentally transmited CID, VCID or BSE. Sporadic and iato-
genic CD cases PP ypes 1-3), red squares; vCID, yellow circles: transmissions of typical CID to FVB
mice, green squares; BSE 1o FVB mice, blue squares. Transmissions of vC.O to FVB mice, apen triangles,
b,e, Westemn blots of brain homogenates after pre-treatment with proteinase K using antiPP polycional anti-

bady 95-108 (ref. 15} (b} or antiP monaclonal antibody 34 (c). Methods were as n ref. 2 except that for PP |

glycoform analysis a chemifiuorescent substiate {ECF. Amersham) was used and ratios analysed on a |
Storm 840 Phosphoimager (Malecular Dynamics). b, Transmission of vCID and BSE to non-ransgenic (FVB} ¢

mice. Lane 1, human vCID; 2, vCID-inoculated FVB mouse (same case as lane 1); 3, BSE, 4, 8SE-noculatea
FVB mouse {same case as in lane 3}. ¢, Transmigsion of vCID to FuPP*'* Fm-p* mansgenic mice. Lane 1,

human CID, type-2 PP 2, transgenic mouse inoculated with CID case from lane 1 showang type-2 patem: |

3. human vCID ¢ase, type-4 PP 4. transgenic mouse inoculated with vCID from lane 3 showing type-5 pat-
tern; 5, human CID case, type-2 PP, 6 and 7, type-5 PP pattem in vCID-inocuiated transgenic mice.

In transmission of vCJD to HuPtP*"
Prn-p™ transgenic mice, where human PrP*
is generated, fragment sizes in inoculum and
host can be directly compared. Again the
PrP* produced had type 4-like glycoform
ratios, However, the fragment sizes differ
from those in the inoculum and were indis-
tinguishable from those in the type-2 PrP*
pattern® (Fig. lc). We have designated this
new pattern type 5.

A change of fragment sn.ze on passage m

U ATAANS e S FSAN A

t nuummmwammummmmmm I

Bl +, Wild type - .

o

Affecteds Trcubation- »v‘i
Inoculated - period (days)
i 0/80 >450 or >600
| ¢ BT 175 4T -
! I 179 N
| ¥ 2185 145 318 i
. 1959 1/5 367 -
: - 193 £ 4 o >600
414 2048 - . 2/4 569, 569
8/8 1874 0/8 >8600.
25/56 228+ 15 33443 3N =17
10/28 802 + 50 21724 486 £ 26

incubavon perods (meanss.e.m.) n HPrP™* Pm-p®? transgenic mice and non-transgenic FVB) mice. Methods and PRNVF
analysis were as ref. 2. All CID cases were neuropathologically confirmed. BSE inocula wera pooled brainstem and four
rdividual confinmed cases. Most mice ware examined by neuropathology and/or wastemn blofing. iIncubation penods
are Aot given for mice hal gied withowut definite ctinical diagnosis, despite neuropathaiogical or westarn blot evidence.
Numbers affecteg/inoculated exclude mice dying after noculation of fram intercurrent tliness. Controls inoculated with
PES alone 4ig nct Zevelen prcn d spCID. ic CID; iC2D, iatroganic CJO; GH, growth hormone: DM, dura
sater; G, goradorcgrin; MM, meth.onine nomozygote; MV, methiorine/valine Reterozygote: Wivaling homozygote.
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mice of a different codon 129 PrP genotype
than the inoculum has been reported previ-
ously’. Type-1 PrP*, seen in CJD cases of
129MM PRNP genotype, consistently con-
verts to type-2 PrP* on passage in these
transgenic mice expressing 129VV human
PrP. The glycoform ratios of the original
inoculum are also maintained’. Abrupt
changes in the biological properties (‘muta-
tion’) of murine scrapie strains on passage in
mice of different genotypes are well recog-
nized’. We have not, however, been able to
show PrP* by western blotting in BSE-inoc-
ulated HuPrP** Pm-p*° transgenic mice.
This may reflect culling of many of these
mice soon after clinical diagnosis rather than
at a more advanced clinical stage. Though
transmission of prion diseases without
detectable PrP* on primary passage has been
reported”™”, it will be important to confirm
transmission by second passage studies.

The prion titres in these primary inocula

are unknown but may be higher in the |

human cases, because cattle with BSE will
have been culled before the terminal stages

of disease. However, on clinical, pathological

and molecular criteria, vCJD shows remark-
able similarity in its transmission character-
istics to BSE, and is quite distinct from all
other forms of sporadic and acquired CJD.
These data provide compelling evidence that
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BSE and vCJD are caused by the same prion
strain. Taken together with the terporal and
spatial association of vC]D with BSE but not
with scrapie or other animal prion diseases,
and BSE transmission studies in macaques',
this strongly suggests that vCJD is caused by
BSE exposure. The theoretical possibility
that both BSE and vCJD arise from exposure
to a common unidentified source appears
remote.

The production of a distinct molecular
strain type on transmission of vC]D to mice
expressing valine 129 human PrP suggests
that BSE transmitted to humans of this
genotype might produce a similar strain.
Such cases may differ in their clinical and
pathological phenotype to vCJD, but could
be identified by PrP* typing.

Although it has been argued that the
species barrier resides in PrP primary struc-
wure differences between donor and host”,
our data emphasize that strain type can be
as important. As prion propagation involves
interactions between PrP™ and host PrPS,
and strains are associated with differences in
PrP conformation and glycosylation™?, such
PrP interactions may be most efficient if the
interacting proteins are not only of the same
sequence but have similar conformational
preferences and' glycosylation. Mismatch of
codon 129 between inoculum and HuPrP™
Prn-p*° mice does not significantly affect
CJD transmission, but this could differ for
BSE. All vCJD cases have been 129MM
genotype (ref. 14 and unpublished data).
Although our 129VV mice are much less

* susceptible to BSE than to typical CJD, sug-

gesting a substantial species barrier, 129MM
human PrP mice could be more susceptible.
Andrew F, Hill, Melanie Desbruslais

Susan Joiner, Katie C. L. Sidle

Ian Gowland, John Collinge*t

Prion Disease Group, Neurogenetics Unit,

Imperial College School of Medicine at St Mary's,
London W2 1PG, UK

*and Department of Neurology, St Mary's Hospital,
London, W2 INY, UK

Lawrence J. Doey, Peter Lantos

Department of Neuropathology,

Institute of Psychiatry, London SE5 8AF, UK
+To whom correspondence should be add. d at the Prion
Disease Group.

1. Will,R. G. eral Lancer 347, 921-925 (1996).
. Collinge, L. Sidle, K. C. L.. Meads. |.. {ronside, I, & Hill, A. &
Narure 383, 683690 (1996).
3. Collinge, I. et al. Nature 378, 779783 ( 1995) ; addendum 389,
526 (1997).
3. Baker, H. F. et ol. Lancer 337, 1286 (19%1).
. Colinge, J.. Palmee, M. 5. & Dryden. A 5. Lancer 337,
14411442 (1991).
6. Palmer. M. 5. Drvden. A. |, Hughes, J. T. & Collinge, J. Nature
382, 340-342 (1991).
7. Cullinge, |. erul Lancet 346, 569=570 (1995).
8. Bruce, M. E. ot 2L ] Gen, Virol 72, 395603 (1991},
9. Beuce. M. E, 8r. Med, Buil 49, 812838 ( 1993)
10, Lasmezas, C. [, ¢r ol Science 275, 402403 1997,
L1, Lasmezas, C. i. el al Manure 381, T4 44 {19961
12, Prusiner. 5. B. et al. Cell 63, 673-686 119902
13. Tulling. G. C. ¢r al. Science 274, 20792082 1 1996)
14 Collinge. ). er ol Lancer 348, 56 119961
15. Piccardo, P. ¢t al. f. Neuropathol. Exp Neurol 56, 389 (19971

I

w

480

2 o S s = e

‘Male-stuffing’ in
wasp societies

Intracolony aggression within and between
castes of social insects is common'”. We
have observed an unusual aggressive interac-
tion between nestmates of the paper wasp
Polistes dominulus. In response to foragers
returning to the colony, females (workers)
initiate aggressive encounters with males
culminating with the male being forced
head-first into an empty nest-cell (‘male-
stuffing’). ‘Stuffed’ males are unable to feed,
so the behaviour seems to ensure that food
is preferentially channelled to larvae, which
are likely to be more closely related to the
workers than are the adult males.

We observed two categories of stuffing.
‘Initial stuffing’ (Fig. 1) began with antenna-
to-antenna contact and was followed by
grappling, biting, and sting-threats. The
aggressor then forced the recipient head-
first into an empty cell. ‘Repeated stuffing’
was characterized by biting and pushing the
abdomen of an individual whose head and
thorax wete already inside a cell

We studied the behaviour by transcribing
and analysing 26 hours of videotape. We saw
stuffing behaviour only in colonies contain-
ing males (n=5 colonies) and not in those
without {n=6 colonies; sexed by antennal
morphology’ x*=21, P<0.001). Stuffing
was directed exclusively at males, despite
their being greatly outnumbered by females
{1:4,21) in colonies of both sexes (binomial
test, P<0.0001). Of 66 stuffing events, 46
were directed at males from that colony
(identified by marking them at eclosion); the
remainder were of unknown origin. Queens
(n=5) did not stuff males (0/66 events;
binomial test, P <0.1). All stuffing was done
by workers other than the returning forager.

[nitial stuffing occurred soon after the
return of a forager, whereas repeated stuff-

Figure 1 Initial male-swffing. a, Male on the comb.
b, Female {worker) approaches and antennates
tum, ¢, followed by biting and sting-threats. d, She
stuffs him into an empty cell, 8, and pushes 0N his
abdomen. f, Male in the cell

Rt Shin

Figure 2 Ditterence between the tme from most |
recent male anival until stuffing and half the average |

interval between retumns. A value of 0 is expected it
male-stuffing is random with respect 1o arivals. Ininal
swifing (n=32) occurred shorty after a nesimate
retumed (f=18.86 £ 289 s; Wilcoxon signed-rank test
Za -320, *P<Q01), but repeated swffing {n=34)
occurmed randomly with respect to arrivals ({=39.88 =
75t 5; Z= 018, P>08;NS), Means = s.am.

ing occurred at random times (Fig. 2).

Males that had been repeatedly stuffed rem- |

ained in cells 6.35 times longer (F=384.29
43.01 s; mean time * s.e.m.} than the mean

time between forager arrivals (f=60.53 £ |

2.25 s; n=833). Thus, stuffing may function
to preclude males from gaining access to
resources gathered by the workers.

Limiting food consumption by males
may maximize the inclusive fitness of work-
ers, who should direct their help towards
closely related kin*. Feeding future repro-
ductive females provides a larger fitness pay-
off than feeding adult males®. Workers from
a colony containing one singly mated queen
have a relatedness to sisters of 0.75. Workers
are only related by 0.25 to brothers, 0.375 to
nephews (worker-produced males) and are
unrelated to immigrant maies.

Assuming that fenale larvae are present,
workers are more closely related to repro-
ductive-destined larvae than to adult males.
Even in circumstances where workers are,
on average, equally related to male and
fernale nestmates (such as brothers and half-
sisters when the queen has matéd more than
once), feeding needy larvae may provide a
larger inclusive fitness pay-off than feeding
adult males, which can forage for them-
selves. Preferential channelling of resources

L]

l

to larvae, by stuffing males, may maximize |

the genetic self-interest of worker wasps.
Philip T. Starks, Emily S. Poe

Section of Neurobiology and Behavior,

W311 Seeley G. Mudd Hall, Cornell University,
Ithaca, New York 14853-2702, USA
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Human BSE

Jeffrey Almond and John Pattison

— s

Two sets of studles, using different approaches, o ing
evidence that the new varlant of Creutzfeldt—Jakoh disease is caused
by the agent that is responsible for BSE In cattle. But they cannot tell us
anything about the future number of cases of this varlant disease.

n20 March 1996 the UK government
O announced that a distinct variant of

Creutzfeldi—Jakob disease (vCID)
had occurred in ten people in the United
Kingdom over the previous 14 months'. Like
CID, the variant form results in brain dam-
age and death; but it is pathologically and
clinically distinct, not least in afflicting com-

apparently new disease was exposure to the
agent that has caused the epidemic of bovine
spongiform encephalopathy (BSE).

Since then, there have been more cases of
vC]D and further evidence has accumulated
that supports a link between the two diseases
(Table 1), But to date there has been nothing
as compelling as the results described bytwo
papers in this issue — one, by Moira Bruce
and colleagues’, based in Edinburgh, appears
on page 498; the other, bya group led by John
Collinge (Hill er al’), is on page 448. Both
reinforce the conclusion that vCJD is distinct
from other, sporadic forms of CJD (spCID),
and provide a convincing case that vCJD is
caused by the same ‘strain’ of agent that has
caused the BSE epidemic in Britain, In effect,

Figure | Tell-tale signs of vCJD. Top, cerebral
cortex showing (centre) the characteristic florid
piaque. Bottom, massive accumulations of PrP in
the cerebellar cortex, revealed by
immunocytochemistry. (Courtesy of

). W. Ironside, CJD Surveillance Unit, Edinburgh.)

Both types of CJD, and other forms of
transmissible spongiform encephalopathies
(TSEs) such as scrapie, are thought to be
caused by aberrant protein agents, which in
turn cause the pathological modification of
host-encoded prion proteins (PrPs). This is
the ‘protein only’ hypothesis’, although it

ly, however: although both groups use trans-
mission potential as a defining character,
Bruce et al.? concentrate on incubation peri-
od and pathology, whereas Hill et af focus
ona particular feature — the so-called glyco-
form profiles—ofthe disease-specific PrP,
Evidence for the existence of multiple
strains of TSE agent comes mainly from the
Edinburgh group® and is based on the obser-
vation that different strains will give repro-
ducible incubation times and pathology in
certain lines of inbred mice. To define strains
of TSEs, they routinely use four or five mouse

foreign macromolecule is involved (see box
“haracterizing the strain of agent associated

from spCJD and from TSEs of other animals
including BSE. The approaches differ slight-

© March 1898 Recognition of the emergenca of vCID as 3 predominanty UK diseass (thére has beemrane :
wasalwaysmlka!yta be:menss L
T = ‘,1&1&:}_‘ IR

'.mm()bsawaﬁon“ that the characteristic VCID pathology in hugia

~!aques and prominent involvement of the cerebelluny; see Fig. 1) could be reproduced almost exacty in !
hesus. macaques by.imculationwm:BS{'; i A ey o 3

new TSEs generally, emergence of a new form iy the UK at this time
coincidence. - 2R :

© October 1986 Publication of research showing that the glycoform profile of PrP from \f(_:D cases was

| » October 1997 Pubtication of the studies by Bruce et 212 and Hill er at®, discussed here, which reinforce |

~ the conclusion that vCID s indeed caused by the sama agent that causes 8SE, and make implausible any

asgertion that alt of these observations are coincidentar.
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lines including homozygotes for prolonged
scrapie incubation periods (p7p7), for short
incubation periods (s757) and heterozygotes
(p7s7). Strains of TSEs may differ from one
another both in the incubation time in a
particular mouse line and in the temporal
sequence in which the different lines suc-
cumb to disease. Pathological damage is
measured semi-quantitatively by scoring
vacuolation in nine regions of the brain and
is expressed graphically as a lesion profile or
‘signature’ This signature is reproducible
and characteristic of a given strain®,
Previously, the Edinburgh group charac-
terized eight cases of BSE from different
periods in the epidemic, and from different
areas: all displayed highly similar strain
characteristics (their phenotype), which
were moreover distinct from those observed
aver many years in TSEs isolated from sheep,
mink and a mule deer, Importantly, strain
phenotype can be maintained upon trans-
mission between species (as assessed by
re-assay in indicator mice). Thus, the BSE
phenotype was maintained after experimen-
tal transmission to a pig, a goat and two
sheep. Identification of the same phenotype
in three cases of feline spongiform encepha-
lopathy, an outbreak of which has occurredin
the UK contemporaneously with BSE (albeit
at a much lower level), and in cases in kudu

evidence that BSE hasinfected these species®.
Although their current research is not yet
complete, Bruce and colleagues® can now also
conclude the following: that the strain of
agent from vCJD is: (a) the same in each of the
three cases they have studied; (b) different
from that seen with other forms of CJD; and
() indistinguishable from that of BSE. The
mean incubation period of vCJD in one of
their inbred lines of mice (RIM) is relatively
short, which is characteristic of BSE whatever
its source. Moreover, the signature produced
in these mice is almost superimposable on
that produced by BSE from cattle or from any
other species accidentally or experimentally
infected with BSE. The remaining lines of
mice that have been inoculated with vCJD are
still under observation. Experience predicts
that the C57BL line of mice will be the next to
develop signs of disease, and that is now hap-
pening (M. Bruce, personal communication),
Given the data so far, it seems unlikely that the
final results of these lengthy experiments will
give a different picture — a picture which,
incidentaily, confirms the view that CID
occurring in farmers in recent years is in fact
thesporadic form and is not related to BSE',
What of the work of Hill ef al.’? Their
research focuses on the fragment size and
the ratio of di-, mono- and nonglycosylated
forms of the disease-specific PrP protein
after treatment with protease, a protein-
digesting enzyme. This glycoform profile
also seems largely to be maintained upon
inter-species  transmission, although |
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changes may occur in certain genotypes of
recipient. Last year, using this parameter, the
group obtained evidence thatthe vCJD agent
was the same as that of BSE, although its
possible similarity to other animal TSEs was
notruledout’,

Their latest results® include a large num-
ber of transmissions to both transgenic mice
expressing the human PrP gene (Prn-p) and
their non-transgenic counterparts, and pro-
vide stronger evidence that theagent of vC]D
is distinct from those of both spCJD and the
iatrogenic form of CJD (a number of cases of
which were caused by treatment of patients
with growth hormone derived from human
pituitary glands). By most criteria, vC]D and

| BSE are also highly similar: their glycoform

profiles are indistinguishable, in both ratios
and band sizes; mice suffering from the two
diseases share unusual symptoms (some of
the mice walk backwards); and although
details of the pathology are yet to be pub-
lished, the authors refer to “striking similari-

ties” in PrP deposition patterns. In the line of
inbred mice (FVB) used for this study, there
are some differences in transmission poten-
tial of BSE and vCJD. This is particularly so
in tihe human Prn-p transgenic animals,
to which vC]D transmits more readily
than BSE. These differences are, however,
probably attributable to a ‘species barrier’

| effect for BSE but not for vCJD.

Taken together, then, the two new sets of
results complement each other and give a
consistent message. But can we now draw

| firmer conclusions about the number of

cases of vCJD that will occur in the UK?
Unfortunately not. To date, there have been
21 confirmed instancesin the UK (eachonea
tragedy in its own right, and our sympathy
goes out to their families). The rate of new
cases is not increasing, which provides some
hope that the overall number will be relative-
ly small, but it may take several years before
wecan be confident that thisisnota period of
comparative calm before a storm. Much
depends on the average incubation time of
vCID: the longer the time, the higher the
final figure is likely to be’. At present we can-
not calculate the average incubation time of
BSE in humans; nor is it possible to estimate
the amount of infectivity (in terms of cattle
ormouse infectious doses) required to infect
ahuman.

One observation that bears on these
issues is that all of the vCJD cases examined
so far are homozygous for acommon amino-
acid polymorphism in the human PtP pro-
tein, namely methionine at position 129.
This raises the possibility that people who are
homozygous for valine at this position or
who are heterozygotes (about 11% and 51%
of the UK population, respectively) may be
relatively resistant to infection, may be sub-
jectto longer incubation times' or may have

' different symptoms. The Prn-p transgenic

-

mice used by Hill et al, have the valine 129
433
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version of the gene and it will be interesting
to compare transmission to similar mice
with methionine at that position.

Finally, these latest results® also do not
tell us anything more about the route by
which the victims of vC]D were infected.
There are various possibilities, including a
common source for BSE and vC]D, and
transmission from cattle to people through
an intermediate species. But we still think
that the most likely exposure was through
eating beef products that included infected
offal before it was banned from human food
in late 1989. The report in the UK press of a

case of vCJD in a vegetarian of i1 years'~

standing does not, we believe, invalidate this
view; she may have inadvertently been
exposed to contaminated beef products, or
may have consumed infected beef before
becoming a vegetarian.

A postscript. The UK government’s deci-
sion, in March 1996, to point publicly to a
probable link hetween BSE and vCJD was
taken on the advice of the Spongiform
Encephalopathy  Advisory Committee
(SEAC) — of which we were and are mem-
bers, although here we are not writing in that
capacity. At the time, the evidence connect-

ing the two diseases was relatively slight and
SEAC's advice was rightly questioned in
both the scientific and popular press. Only
rarely in such circumstances can science
offer definitive evidence quickly, and deci-
sions have to depend on the weighing of
uncertainties. More such judgements may
yet be required concerning BSE and human
disease. c
Jeffrey Almond is in the Scheol of Animal and
Microbial Sciences, University of Reading, Reading
RGS 6AJ, UK. John Pattison is in the Medical
School, University College London, Gower Street,
London WCIE 6BT, UK.
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