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JAXA liQZ7&lOOalOll 

deumibedinthel92bandbthemoat 
common hunk epon@oxm encepha- 
lop&y, It nwy be sporadic (random 
auiea with no known cpuBB), acquit4 
fkom etikironmental eourw3 @@edally 
i4&iogenic3o~eucha3contamina~ 
pituitary honnonee or dura mate,’ 
grafb),orfMilial(duetomutationeina 
gene on chromosome 20). It is reapon- 
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and 1 or a few infectious particles pre- 
sentinaroundofbeeforaliterofmilk 
could easily escape our tests, which de- 
pendonproduchqdiseaseinhealthyani- 

i 

malsthat areinoculat&withextremely 
small 8mounts (80 pL) of whatever t&3- 
sue is being tested. As an example, the 
rigorousdemonstrationoftheabsenceof 
i&CtiVit~ in a 22Q-g @-OS) Steak WOti 
require the inoculation of nearly 10 Ooo 
mice-an experiment that will clearly 
never be undertaken. Also, muscle may 
becontaminat.edbyce&ralnervouaays- 
temtisaue,eitherdmingalaught&sill- 
ingbyatungunor“captivebolt”t.othe 
headofananimalmaydisperaebraintis- 
sue to other parts of the body, and halv- 
ingacarcasawithcuttinginstzumenta 
coulddiqersespinalcordthssue~orb~ 
the sdulteration of muscle with spinal 
cordtissueingroundmeatpmducta 

ThetMdobisenaonoonceroiagt.h8 
-0fnvCJDinyoungpeople~ 
morediffcculttoexplain4Itiapo8aii 
~~YoungerPple~--P- 
tibletoinfecQo~orhavea&xt&ncu- 
bationpe&&hanoklerpe@e(inwhich 
CSS8Wt’~SH?incruiriagtyodder~ 
group6heing~ectedinthe~~. 

WealsoshouklrecognltetbatBSE- 
hf8CtedUl~aFenottb8Onlypoesible 
aourceofi&!ctionofpatientswithcJD. 
3OViMtSpOngifona@~~~O~i8~ 
obvioIlsfiretchoicel.H#MMofitareumt 
epidemic ocarHM& in m  iXl¶Pm’tsut 
llv88tock~butoth8r~v8etaekald- 

~~~~~~~n~~~ 

aupplementa, and even CommMl garden 
fert&%raaremadsfa 

merrlpyt 
ikam ren- 

deredliveetockbone Woknowtsurt 
PigeeanbeexperimentaUyinfecMby 
the intraearebnd (but not oral1 route 
w%hBSE,andalthoughpoult@avere- 
aieted both intracerebral and oral ex- 
perimental infection with scrapie, there 
isnoguPranteethattheywiUprovetobe 
red&ant to BSE. Moreover, at&m& 
raisedforcommercialpurposesaregen 
erally slaughtered at too young an age 
for disea~ to have bexome evident, so 
that the absence of epidemic disease in 
these speciea cannot be wed a8 proof 
thatth8J’W?IlOthiUbOl’hgth8iIlfW- 
tious agents. Even the existence of some 
healthy Older hogs or chickens does not 
carry the weight of proof, because these 
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diseases affect ordy a small proportion of 
animals at risk-clinicallv evident BSE. 
for example, has occur&l in fewer than 
3% of British cattle after an epidemic 
period of 10 years. As for bonemeal fer- 
ttier used in horticulture, the risk 
seems small, but not impossible. 

DoEsEsEoccuR 
IN THE UNiTED STATES? 

Toward the end of the 19109, both the 
US and British rendering industries 
changed their method of production 
frombat.ehproces&gtocontinuouspro- 
ceasing,andeliminatedaproces&gstep 
that would have reduced contamination 
by scrapi&nfected m matetihy- 
droearbonsolventandiivesteamextrac- 
tion of fat-soluble tallow fi-om protein- 
aceoua”greaves.“Thisstepiat.houghtin 
retrospect to have been crucial for the 
prevention of scrapie (and, later, BSE) 
infectivityfrombehlgreeycledtonnni- 
nantaintheformofmeatandbonemeal 
nutitional supplement8.1 Why, then, 
hazstimy a BSE epidemic in the . 

oneanswermaybethat~af 

Another~oninvolse%thecan- 
ceptdanYtkfwi’lity~*~ 
lt&hgthatth88mountoflniect~yin 
~mmt&nlinGreatBritainmay 

~~~~f~ sn,andthatmodly 
alightly lower level of con?ami@ion 
wouMnothavecauaedBSE.Compared 
With&‘WtBritrin,th8hibdstatea 
ha8 a smaller propotion of sheep 
derived t&sue in the mix of rendered 
animal protein (0.6% VB 14%) and an 
arguably smaller proportion of scrap&- 
infected sheep, although the precise in- 
cidence of scrapie in different count&s 
isvirtuallyimpossibletodetermine.The 
reported annual incidence in the United 
States@MOcasesper8mUlionsheep)is 
similar to that in Great Britain (200-300 
caae~ per 42 million sheep); however,the 
number of notified cases in Britain rose 
2- to B-fold during a period when slaugh- 

ter was handsomely compensated (John 
Wilesmith, DVet, unpublished da>ta, 
199’Q and in (admittedly imperfect) sur- 
veys of British sheep farmers, up to one 
third of flocks were said to be affected, 
with an in-flock incidence of 2%.Is Thus, 
relative to Great Britain, we have at 
least a ZO-fold reduction in potential 
scrapie contamination based on the pro- 
portion of sheep infected with scrapie: 
alone or in combination, these factors 
might well result in a level of infectivity 
toolowtotransmitdiseasefromsheepto 
cattle in the United States. 

Athirdexplanationisthatwedohave 

servation ia that cattle inoeulati with a 
US strain of sheep scrapie developed an 
ataxic neurologic ilhws withaut spongi- 
formneuropathologythatwasdiagnoeed 
asBSEonlybyimmuno@icdetectionof 
uprion”lmQd8idinthebrainsofth8dead 
anhmd3.14Tb8secaad(epid~~~ 
t3ewationi8thatE8velld-af 
tqcn@mn enceph8lepathy have cm 
tslmdinrpndbredminkthatw8r8w 
dietaindu&3&din2~ 
~tQli&dt8~-~W&~ 
casssefR8n”downerca~“aownerc 
dieofavariet;yofd&u!eathatcauaethem 
t.obecome8ickand~dQwn(henct3the 

BSEmighMistaaasilen~infMionthat 
h8Enoth8ddm8tQnltmifwiteelfdini- 
adly(UScattJemqybeinMx?ucedtonu- 
tlsond suppkImentat&NI later and/or 
slaughe tier than British cattle, 
8ndndt~ghw8 epidemic infection 

ident@aeinglecraeofspongi%men- 
cephalopathy.Theaamecanbesaidfor 
pilot studies in which eithertonsile and/ 
wbrain8i?wnrandomlyeel8ctedcaUle 

dcmal thou8anda of animsls are exam- 
h!dinCOidUgyepre.Al8Oraaesurtngi8 
thefactthathumanswiththediatinctive 
features of nvCJD have nat been identi- 
fIedintheUnitedStataseit,herincurrent 
eurveihnce studies or on -view of clini- 
cal and neuropathologic hospital archives 
ikom the last decadeJe 



MSKASSESSMEEoT 
Although we cannot nalw undo the 

consequences to human health of past 
exposure to BSE, we must continue to 
clarify the risk of that exposure and, in 
particular, to obtain evidence for or 
against the presumptive connection be- 
tween BSE and nvCJD. From the lab+ 
ratory, we can expect continued electro- 
phoretic analyses of amyloid extracted 
from the brains of patients with nvCJD 
and sporadic CJD to provide ‘Ylnger- 
prints” of incrimination or exoneration 
of BSE. We also await the results of 
independent 5ngerprint studies based 
on the inoculation of brain tissue from 
patient.swithnvCJDintoapanelofmice 
known to have different incubation pe 
riod and brain leaion topography pat- 
terns for different straina of spongiforrn 
encephalopathy. If these strain typing 
resulta accord with electropho@ie 
analysi8Wdies,t.hevalidityofalink 
b&weenBSEandCIDwilIbemuch 

marmosetandcynomol- 
gusmonkeparnheibyin~ 
rebral inocukion of the BSE agent, it 
wotlldbc!moreapproprirtetakhowifa 
primptespecieslnorecIoeelyneuedto 
humsne(eg,thech@an@eIhimpratee)tlvine~~ 
dictthtinebdedrelleatedfeedingd 
IWtandIlIiIkfkOmBSEilIfe&d~ 
(ie, duplk&ng the human &nation) 
would develop dkaee. Cknparativ&’ 
inexpsnfdve 8lternative te5t animds 
mightbetiraMgdcmiceCPfiyiqgtbe 

hwwpriongem,whkhhave~ 
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CJD eventually be proved or disproved. 
If cases of nvCJD result from consump- 
tion of BSE-contaminated tissue, they 
may represent alimited group of suscep- 
tible individuals within a British popu- 
lation that has been exposed to very low 
doses of the infectious agent, or (less 
likely)theymayrepresenttbefirstcases 
of an evolving epidemic of unknown pro- 
portions. Statistical modeling suggests 
that it may take 2 to 3 more years Of 
observation before the alternatives be- 
come clear:’ 

PRECAUTiONAM MEASURES 
As the BSE epidemic unfolded, the 

British government instituted a series 
ofmeasumsdesignedtomhimizethe 
riskfor&seasetransm%onamongboth 
animalsaudhumana Thexduchdedthe 
compulsoryahmghterand~onof 
euepect*,a rumimmt-to-nlminant 
feedhn,eliminationofcezMnhigh-risk 
orHpnemachaeh=da,epleen,andthymua 
fromtheanimalandhumanfoodchain,a 
bilBOIlIl lddClll ly~V~W 
fkvmhovinevertebrsk&mnfoJhamnn 
foo&urd,mast~tly~theremovrlof 
alt.tleeIderthIill5olnonthsandt.he 
beadsafca#leolderthan6monthafhun 
allfocdw 

IatheU&4?d~~8hoUt~ 
poe;sibkrpFesent(oratkue)~of 
I?sEhae~n-m 
b&weentheFoalandhagAdm@tm- 
tii&theDepsWentofAgriculkus, 
s&ep~cattktEMlers,radths~ 

either put under surveillance or slaugh- 
tered. With respect to indigenous scra- 
pie, the Department of Agriculture has 
placed restrictions on the movement of 
sheepfrominfectedtouninfectefl5ocks, 
and encouraged a “5ock certi5cation” 
program for the sheep farming industry, 
inwhichthe documentedabsenceofscra- 
pieduringapreceding6-yearperiodwill 
~of5cislly~withaviewtopro 
moting a premium price for such animals, 
and thereby provide an incentive for re- 
ducing the incidence of scrapie in this 


