
non-Minut livorct [20]. The Euopem Comission's TSE
risL-reducing mcoue include a total EU-widc ban on thc usc of
all processcd mimal protcin in livcstock od aquaculturc fceds.

Aly consideration of lifting this ban rcquires a scientific 6s6mcnt
of thc TSE trusmision risk througb fuhmcal. Anothc. issuc to be
addrcssed is the risitrg coDccrn that pigs, poulry or f6h brcd for
hwu coMwption and inadvcneldy fcd with TSE-contmiDaF
cd fccd cou.ld cvcnrually cithcr devclop clinical TSE or scrvc c
rcscryoirs of infcctivity witlout cvcr displaying clinical discuc
thcmclves. Such a us*smcnt should consider thc risk from
TSE-conaminatcd fccd bcing fcd to fmcd fish !8,21]. Iu
aquaculturc, a npidly growing indulEy of cconomic importuce
in scvcral EU countrics, thc famcd frh reccivc comercia.l lced
conainiug 4G-550/" prctcin duiug thc 12-20 months they
gacnJly spod in aquacu.ltuc facilitia, Nthough rcmok, thc
p$ibility that some irf this feed mighr bc conminated with
mallmalid prion cmot bc cxcluded.

In thc pcscnt work, w cvduatcd th. potcntial trmmision of
TSEr to gilthcad rca brcm, a omcrcially impotut 6sh specics.

Altcr forcc-fccding with multiplc doscs of bnin homog€natc
prcpacd &om cithcr healthy or mturally BSE- or soapic-infrctcd
cow or shccp, thc fuh rcrc monitorcd for 2 ycan for cvidcncc of
di:crc dwclopmcnt by dinical, histopathologica.l ed irmuo-
hiltochoical oicria. None of thc fuh cmincd, showcd
synptoru of clinical discac. How*r, signs of ncurcdcgcocration
vcte ofttD piccnt and abnomal dcposition wc dctcctcd in thc
brairu ofboth thc scnpic<ha.llcngcd and thc BSBchallcngcd 6sh
by 24 months post inoculation.

Results and Dlscusslon

To cva.luatc thc dinica.l satc of thc 6sh, wc monitorcd contrcl
ud TSE-challcngcd populatioro ot a daily b6is. Sincc locomotor
dcficir uc oftcn a mdo! fcaturc of the clirical prcscntation of
prion dbce! in a vuicry of hosts, wc uscd the swiming bchavior
of thc challoged 6sh q an indietor of thcir gcnenl rctivity and
exp)o.atory bchevioe No clinical symptoru,. hcluding oratic
.wiming or bchavioral abnomalitics, wcrc obscwcd in ay of
thc groups monitorcd. Although unusud in prion discac, a similu
abscncc ofdinical symptoru upon intcnpccics cha.llcngc hc bccn
rcponcd for botb thc 6rrt pasagc of shccp scrapic and hmstcr
prion truimission to micc [2], In thcsc cocs, subscqucnt pdsag!
Of bnin matcrial &om-thc challcnged indMduals to additional
micc did produe cJinical discai, thcrcby dcmorotrating that
oJmptomatic uimali en hubour high levcls of ilfcctious prions
ia thcir bnins. Mditionally, it is impotunt to notc that whilc
ertain cxpcrimcnrally or virally induccd ncuodcgcncmtivc cffccts
do modily swiming panmctcn b !sh, such a the swiming
dis6@ 4d oricntation, thc mcu velocity, thc tuming angle and
thc cguilibrim [22-24], this is rct always thc cac. For iroocc,
while both sca bs ad rca brca cm bc infetcd with nodavirus,
a ratum.lly occuring pisint viru that €86 brain leiou in both
sp4ica, J9a brcm, in conbst to sca bu, show no clinical
symptoru of discae [25,25].

To faciliate our evaluation wc gtncated polyclonal antibodie
against four d.iffcrcnt frh PrPs. Thc spccificity of cach antiserum
w confmcd by both wcstcm blot Fig. SIA) and imuohis-
tochcnistry flHC) @ig. S2A-C) with nomal sea brcm brain.
Purthcmorc, anti-mffialie PrP atibodie (5H4, l2ll0) dtd
not stain sca brcm brain, nor did our ati-fsh PrP antisera
Ecogqizc rhammalis PrP& (FA SIB). Morcovcr, absorption of
our SauPrPl (Sp@ ryda PrPl) antiscra with rccombinmt sca

brw PrP-l prctcin [6], agaist which it wd rai*d, rcsultcd in a
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TSE Tranlmi5sion to sea Bream

complctc loss of ir specific imunostaining in corrol fuh (Fig.
s2D).

Initially, in ordcr to dctcrmiDe 0rc disuibution of nomal
endog€nous PrP in thc cetrtnl ncryous slttcm of gilthcad sca
brcm, wc uscd our polyclonal dtisera to pcrlom a dctailcd
imunohistochemical cvaluatio[ on brain sectioro from cottrol
fsh. Rcgions displayilg abuudmt PrP includcd thc optic tccsm
(Fig. lA), va.lvula arcbclli (Fig. lB) ud corpu ccrcbeUi (Fig. lC),
whilc sroug PrP-imuopositivity wa gcncrally obscrvcd in the
ncoc fibcrs (Fig. tD). Thc most prcmincndy saincd rcgioro ofthc
optic tcctw, homologuc to thc superior colLiculu in oqrumls
[22], wcrc sriam librosu mginalc (Fig. lA and Fig. S2A, B)
and striatm fibrcrw profudw @ig. S2,\ B). Ilre intcnsc
labeling wo obscrvcd in thc striatM griscm ccnra.le od
sriahm pl*ifom fibrosm cxtcmw laycrs of thc optic tcctum
(Fig. lA and Fig. S2A, B). Ccabcllu PrP.immunopositivity wu
dctcctcd mainly in thc molcculal layer, bcwccn Pukinjc ell
dendritcs, and in thc graular laycr, in thc matrix surouding rhc
groulc cclb (Fig. I Q. Thc valvula ccrcbelli, a ostral protrusion of
thc ercbcllu in thc midbrain vcntriclc that ha no countcrpart in
mmals, showed signifient PrP-imuopoitivity, similar. o
that obscrvcd in thc molcculr and gnnular laycn of ccrcbcllm
(Fig. lB and Frg. S2A, B). In cctebml rcgiou, including thalamus,
mcdulla oblongata, dicnccphalon ud thc latcnl clcnccphalic
palliu, proposed to bc a honologuc of thc marualim
hippocmpu [22], w obcrucd irtense labcling of fibcr buodls
(Fig. lD), consisting prinarily of dcndritic ud uonal prolonga-
tions in thc ncuropil. Thc smc gcncral PrP" cxpreion panm
wd obscwcd in challctrgcd ud ontrol populatioos, with no
@iation dctcetcd ovcr timc. Thc rcmukablc aimila.ity of thc
ovcrall iiimuolabcling paftcm obtaincd with ou SauPrP I
antisc@ 6 sca brcu bnjn o thc PrP-imuostaining proflc in
thc mamalia brain 127,281 povided lurthcr csurocc of thc
spccificity of ou utibody for piscinc PrP.

At thc intraceUular lcvel, staining oudining th? neuonal body
w6 prdcnt in most of thc ncurond popu.latioro obscwcd, c,g. in
thc largc ncuons. of the brairotem (fig@ lE). Axoro displayed
incrc saining, ilrhilc diffur saining wc qbscrycd iroidc some of
thcsc ncuronal 3aBata, lqggclting a dcgrcc of PrP-imunoposi.
tivity within ccll dcpatucob, c.g. thc Golgi ompla (Iig. lE).
Thoe fmdings suggot that thc inraccllular localization pf PrP in
lsh bain is comparabl. to thc neurcnal intrellular localization
of manmdia PrP [27,29].

To tet for pathology in rclcctcd pcriphcral qissue, wc xmincd
intctincs and splccro from TSE<hatlcnged luh, smplcd at
diffcc[t timcpoine. No lgiou or my othcr abnorr4a.litics wcrc
rcvealed in comparisod to thc cotrtsol individua!. Idtcstind PrPi
immunorcactivity wa cvidcnt ilr thc saosa; myentcric plqus aqd
submucou plcxu (Fig. lF). At a! tiircpoiDB, PrP-inimuolabcl-
ing in splccn dd intcsdna.l tissuc w similu in both TSE
chaUcngcd ard contrcl fnh ud rcwdcd no PK-ruistucc and no
leiom or uy other abnomal.itis.

Dcailcd cxminatiol of brain lcctiotr rcvcaled no histopath-

ological evidcncc of di*ac in tcrapixhallcngcd sca brcar
through 18 moilth post iroculation (p.i.). At 24 montis, howwcr,
2 out of 5 fish showed limitcd abnomal, PrP-imuoroctive,
PK-scmitive, cmccllular dcposit ('fablc S3B) in the newpil ol
bnirutcm, dicnccphalon, orpu cwbclli, valvula circbcUi, optic
cctum ud tclenccphalon (Fig. 2). Whn* the nmbcr of animals
whcrc plaqucs wcre found ed too nall lo rceh statbtiel
sigrifcmcc, bocd on thc high likclihood that thc fisb mined
dcvcloped no plaqucs, wc bclicvc that thc obscwation of
aggrcgato in 2 out of 5 fsh at the fnal tinc point could bc

couidered s an inpomt ent of qualitative (qd not
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monoclotral etibodis (data not shoh). OvcralJ, thcsc data
iuggst thrt whilc both TSE rrairo rclu.ltcd in similar abnomal
bain pathology, thc bains of BSE<hallcngcd irrdividuals wcre
morc rapidly ud swcrcly afcctcd tha thosc of scrapic-
chr.lleogcd fuh. BSE, knom to bc-a zoonotic TSE, may rcpracnt
a thcmodynmically fawrcd PrP* @nfomation that i5 pcmis-
sivc lor PrP *precd in a widc agc of mmaliao spccics [31].
D6piE tbir pcmi$ibility, how@r, ancdpB to oElly transmit
BSE to pigr and chiclcro havc failcd [32,33].

To chuactcrizc thc nature of thc depcition, we cmploycd a
vuicty of convcntiona.l staining tcchriqu*. Congo rcd-saincd

/ dcposic io BSE-cliallcnged sca brcm bains at 24 motrths p.i.
' wcrc'ongophjlic (Figs. 6A and 78) od bircfringcnt undcr

poluizcd light (Fig. 68), suggoting u m1'loid or myloid-likc
@mponot [34]. No Congo rcd bircfringencc wo obscruLd in
ei0rcr thc @ntrol tissue! or thc sapic-challcngcd lisb brains (dara
oot shM). Whilc thc plaquc-like aggrcgatcs wcrc promincnt with
hc@toxyline ud corin (fl&E) (Fig. 7A), Kluvcr.Bucm raining
for myclin rtsucuo ed von Kossa staining for ca.lcium
dcpGitidh both gaw ncgatiw ectiou (dah rot !hom). Dcposie
rcrc also PAS positirc (Fig. 7Q but Alciu bluc ncgativc (Fig. 7E),
indicating thc precncc of ebohydrate md the abscrcc of acidic

i@ rr.os ole ; M.ptosn€.org 4
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glyosoinoglycus, rcpectively. Finally, our four anti-luh PrP
antisra positivcly labclcd thc depositr (sec Fig. 7D for SaurPrPl),
whcrcd thc l2Fl0 ud 6H4 antibodics did not (daa not shom).

Two main type of plaquc-likc deposir wcrc idcntificd in thc
brairo of thc BSE<hallcngcd 6sh: fibrow, difulcly staincd
eggrcgatcs (Fig. 8A, D, G,l), and thosc that wc.c morc mrphous
and dcroc (Fig. 88, E, H, K). At I modths, small aggregatcs,

gcncra.lly in closc proxinity to ncuo6brili, rcE dctectcd, wherca
thc majority of thc adjaccnt fibcr budlcs cmaincd inact
F,g. 3D-F). At l0 add t2 months the 6nt signs of ncurodcgcn-
cntion appeed a a primitive disorganization of dcndritcs md
uons. By 16 dd l8 months, thc distcntion of ncuritcs, mostly in
gEy mattcr, wa qaccrbatcd. The extensivc decoEtruction of
microfilmcns within thc aou and the los of thcir cohcrcncc,

cspccially at 18 montlu, rcrc dctectcd histopathologically.
Aggc8atcs of dprophic oeu.itcs wcre imunostaincd with
SaurPrPl, cxhibiting a dilhrc PrP-imunolabcling with somc

marginal spiculcJi.kc projcctiou (data not shom), At 24 months
thc difurcly imunolabcled aggrcgrcs of dprophic ucurits
(Frg. 8,\ D, G, J @distcd with dcposits that appcacd morc
morphous, condcroed and 0occulated and thercforc wcre more
intcscly lbincd wilh all thc tcchniquc! uscd (ng. 88, E, H, K).
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Flgi9r. 2. Prcgtc$lon ol rbiorrul deporltlon In 2 rcrlple<hatl€ng€d fi!tr Sqiirol !raln seclonr from scrapli!<hallehged flsh at l2 and 24
hgnth! p:1. ware $alned with H&E (A D), or rreated wirh SaurPrPl (1:20001 wirhbu P({lggiion (8, E) and wirh PK{lgenl6n (C. F). lmages rhow
dlqicaphalg[ Ihe mean number ot depositJ (per sedion of firh conralning deposlts] obae-ili8 In different b6ln nhlons wilhod P(.rre.tment is
indl@ted by the fill-type In the khem.tic drawings at tha far left. CCe, (orpus cer.belll 0i, diencephalon; HyFr, hypothalamut Lt, Iobt infedoris; MO,
medull. oblong:ata; 08, olfadory bulb; OC. opri< chiasm; OlN, olFactory neNe; OT,.optlc tectum; P, phuitary; pOA, pr@ptl€ are.; SC. spinnl <ord; Tet,
telencephrlon; Tl. torur longirudinalli; VCe, vnlvula cerebelll. The following ereai were ngt exahlned: 08; OIN; OC; P. Red.ngles indicate areat of
m€nllletlon shown in th€ panelJ dir€(ly below. Arrowhe.ds indicate the abnomll lggreg.ter s<.le ba6 too Fm,
doi:l 0.1 371 /iMn.lpde.0Qo61 75.9002
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Figur€ 3' Ptogtettion ot 
'bnom.l 

deDoiitio1.1n.8:E:clr!11:n-9cd-flrh. saginar il.ln strtlons from BsE<haflenged fiih raken at the hdrcatedtimes p.i. were stalned wirh H&E (A D, Gi or tmmuno{.beled wtth iaurprp.t (l:2fo0) without pK{igestion (a. E.H} and wtrh pK{tgesrion (C, F, t).haget 5h@ dlencephalon' The mean number of deposlts (per redlon or nstr'io-nGning aepodrt-oorruea'rn oiireit bain rcglons wtthout ar-treatment ir Indicated bv the fill-t'€ In the schematlc dtui;gs at the ta, r"rt. liliui.tions ls i" rrirr" z. il,"i"iio*iii iri., ,"r. no, 
"r".,nuo,3.8;oll'0nP 

Rea'ngles indicate areas of magninotron stro'* in ii" p"i"rl'iirJv u"r"*. Arowhe.di indi(are ihe .bnorm.r .99r.9ares. scire
doll 0.1 l7lliournat.poneOOO6t 75.gOOJ

.. 
cfu:: {t morphological progrcsion ofdrc abnomal deposi- BsEcharmgcd 6sh rhar may havc becn a vcry carly rcacrion6on with time, it i! toptinE to hwothqirc r seirario, in rvhich roui*ing crgmurc b the iDfcctious agrnr. Thc conrplctcthcl6ti?_c-3f aggtc€atq rne. s{ D, c;JoJ{ harc ben rhc ;.;;;;'"" of thc prctcctivc ourcr rrcwitc layc, incruding thcd@oPmcDtal oqrcr of thc *cond frrg' 8-8, E, I{, K)-md in myclin shcatlq fotilwcd by ,r," Jr"rg"ri*,;il'"f rhi microfila_which 'crch may illusbarc difcut rtaga- of pa&ogenoir. Thc ;r; ; miqotubuli ould hive suhr€quotly qetcd thc fstdirtcotion of uou ud dqdritc, obld;d at io u; la montl' ;;;il;silG;.i*e"i- 

^irffiiLlJ* at 16 atrd rgp i' rcflects o initial ncuodcgcncratiw pw in thc b..iry;drc -""lir. m* .1*-*trrrc,, 
dcposits minly @Bi!t of dyl..ophic
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TSE Transmi$ion to Sea Ereah

BSE‐ cha‖enged lsh

口
"●

pohtS(mon■ |)

SCrapb・ cll:|loll fISI

Figure 4. Abnormal d€poiiB In tho brBin5 of th€ BSE- and the r<r.ple-<hillenged ti5h wlth ref€renc€ to tlme. Each dot coresponds to
the number of aggregates obseiled per brain section In each individual before PK-treatment (A, O) and !fter PK digenion (8, g). or to lhe
percentage of pK-resbtant iggregatel in each 85E<hallenged fiJh (C). Sars indicate the means and lhe rtandard eror means (5EM5).

doi:l 0,1 371/journ.l.ponc.o006l 75.9Cn4

nlhepotrtt (mer$ij
Flgurc 5. Prograsslvo In.raata In tha rla of b.olalnasa K
reslstrnr d€posits In BsE<h.ll.ng.d Orh. The mdin dUmbrdi.ol
the tmmunohtstochemidlt detffied (Snurprpl) deb6rts lfter potetn,
e K-digestion ls glwn with retecnc to tim! p.l,:
dotl 0.1 37l40umel,pone,O0O5l 75.9005

rFb (Fig. 8C, F, I, L) that cunot bc *ily clasifiid into uy of
thc pwiously dcaribcd morphological etcgorio.
. Thc gluicd ncuropathologica.l hdlrnuls of prion dirups
includc ncuodcgtncu.ion, spongifom charc md c[eb. whil;
PrF dcposition is obrcrvcd in rhc najority iiTSarI ff," f.lo"
prcfilc in thc brains of thc BSErhdlcnrcd fish shge fi'ili
rimiluitics od diffcne in comprison tJ *ris t irotoqist dia
imunohistochdic.l p.rcm of mamalis p;on:Ai;i!"i,.
Spccifrcally, thc dirribution of abrcrm:l 

"ggrcg;e, 
*ithii thi

brafuu of a BSFclra.llcnryd fsh * 24 month!'p.i. shcd cmin
similaritics witlr thc PrP$ dcposition parm oblqvc{ in TSE
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ncuritcs that havc lost thcir cohcrcncc, with spicu.le-likc pojcc-
tionr, at thcir pcriphcry (fig. 8.\ D, G,l). Givcn that aggrcgatcs
w putially PK-uiffit md lhowcd afinity for Congo rcd by
2,1 monthr, thc ncxt ltcp in thc prcgrcsion may havc bccn thc
complctc dcrcriscuction of thc 6bcn lcading to the qcation of a

i@, ProF oue I M.pldsne.org 6

homogcnous, 0ocolatcd, cxtraccllular matcrial that we dcscribc

a "matw" dcposie (Fig. 88, E, H, K), with inoocd hP-
imunopositivity, PK-reisacc, ongoph.ilia ud bircfringcne in
poluizcd light [35]. Fisb brairo at 24 mont]B post iroculdion
cxhibit both typcr of abnomal aggrcgau, including intcmedietc
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in ou rtudy showcd no brain spongiois od no clinical
'abnomalitio, wc did fmd nmcrcu plaquc-l.ikc dcposis in thc
bair of a rignficrrt proportion of thc BSE-cballcngcd fish,
epccia.lly. Although nuch of thc PrP mciatcd with thcc
dcporir is PK-scuitiw, this should not bc talcn a a indietor of
lw potcntial ilfectivity, 4 instancg of clinical prion discac, ad
&n inlcctirity, Nociatcd with qremcly low lweb df dctcctablc
PK-sistat PrP havc bcen rcportcd [43-45].

In light of thc scrious miEetions that would follow il
ucquivcal dcmorotration of priotr discdc trmmision to ftsh, it
mut bc mphaizcd hcrc that thc abnomal dcposition wc
obsc*cd in thc bairis of thc TSE<hallcngcd 6sh could possibly
havc raultcd from pothogcnlc facton othcr than thc prioro thcy
rcrc fcd. Depie thc 6ct that no iuch naually occwing, crcss-
rp6ic!, infrctigs &o$ wa|! to fuh lnvc cvcr bcen rcponcil
[,16], *e caniroi d.rmplctcly n:lc out this possibiliry. Thu, howiy*
unlilcly, onc mut ouidcr rhc p*ibility thd thc bains uscd to
prcp?rc thc inocula fpr thc TSE challcngc wcrc infccrcd with u
udreitcd viru or bactcria in addition to thc *npic or BSE
prircnt Togcthcr, thc timc iiunc ofbain leion appeaancc, i.c.
month! not dayr, ihc ability of thc agcnt to swivc thc onl
challdgr rcutc, thc ebcncc of bnin histopathology in any of thc
@ntrol grcup! ad thc prcdubtion of novcl hisrological laioro in
both thb BSE md thc rcnpic-challcngcd fuh, in rhc abscncc of
in&iiua6on, hoyciii, ma.Lc this possibil.ity a rcmot. onc. A
morc plauiblc altciiiae dpliptioii would bc thar thc myloido-
gcnic qam of thc TS&inqcula might harc @nriburcd to thc
dcvalophcDt of a noiel ILh brain uyloidosis.

Infcctivlty og| miinisibility uc mci:J irrucs that still nccd ro
bc addread. Trop a public hcaltb smdpoint, thc t-4mbsibility
of ebh prion rmin aiid thc rclatiw csc widl which ir crcscs
spccia banipn, iia iu dost signifi@t chaadcriltis. Ihc
spctw of prionopatlriB, which hd broadcncd iD rcccnt yed,
indudgs prion dircaq that e not rddily Fumisiblc (ag. somc
GSS q1sir), priou rtrairo oftcn ceciakd with ncgligiblc clinica.l
rympo4: (rg. 

-thc Nor98 ropic !gain), dd cvcn pmc wilhout
dctcctablc hPx (rg. PSPr) [++,+2,+8]. lt is clcu, rhcn, that thc
waiiation ud idcntiliaion of both unuual prion discae ud
prion disce a.ffctini unuu..l hdB ir e @milcx qask, rcquiring
logthy studi4 of padtogctrei., infcctiviry ud cusmisibility
[49]. Uotil onibing tsqromi$ion rudics wing 'ibovinizcd"
trdrgrnic mi@ e cor4plctcd, thc possibility that thi a6cctcd
rca brcan bnin tiggc might bc infccious, nut.bc ta.kiir scri<iuly
h dny (jNidcEtion to lift EU fccd bo, opccially thosc rclatcd
o 6mcd 6sh:

Materials and M€thod5

Eihics Statement
All fsh ucd in thc cxpcrimcne dcscribcd in this work werc

ft.tcd h accordancc with EU Council Dircctivc 86/609/EEn
for thc protcction of uima& uscd for cxperimcnral and orhcr
rcicntilic purposcs.

Fish
Sixtecn hundrcd gilthead sca brcam of approximarcly 20 g

wcight wcrc puchacd from a comcrcial fam (Intcrlsh,
Grecce), At thc onmcrcial fm, bcforc purchac, fsh werc fed
commcrcial pcllcc @ioma), nonc of which conraincd protcin
rouce dcrivcd from lud artiml producr. After taspoution to
tbe labontory pishcrie Recdch lstitute, Kaval4 Grccce), they .

wrc roioaincd at l8'C in tcmpcatsc-contoUcd rccircuJating
wtcr br.ls. Aftq a two wcL adapbtion pcriod, thc 6sh wcrc
dividcd hto groups of 20O in &pdte hhlc. Thc fish werc allowed

i@: tatot, I M.ptoene.ors ro

TS! Tran5misslon to Sea Bre.m

a furthcr thrcc wcc$ of acclirutization bcforc opaimcntal
manipu.latiou rcrc idtiatcd.

Preparation of inocula
For thc forcc fccding ofthc fuh, l0o/o (v/v) brain homogcnatcs

frcm scrapic'infcctcd shccp, hcalthy control shccp, BSLhfcctcd
cw ud hcalthy ontrol cow wcrc prcpucd ir PBS (pH 7.4). For
the 3h@p bain homogrnats both ercbcllw ud bnirotcm frcnr
mo oimah wcrc ud ftindly prcvidcd by Dr. P. Tomaos,
Vcterinary Scwic, Cypriot Minirtry of Agriculturc), whilc thc
bovinc bain homogcnate wcrc c&h prcped from drc bairutcm
of a singlc uimal. Thc BSE suplg $-BSE 2f 028), ta&cn in l99l
from a fcmalc Frcsian two mon0u afer di*a-c oroct, wo Lindly
providcd \-Dr, Ian Dcnq, Pathology Dcpartncnt, Vctcrinary
laboatorics Agency, Weybridgr, UK Ar hcalthy hodrtatc tirsuc
wd not availablc, thc hcalthy concol bovinc bminstcm w8 bkcn
fron a local GccL cow in 2002, All brain sopl6 wcrc storcd at
-80"C prior to uc.

Challenge and maintenance
For incdations, fuh wcrc remowd from thc anks md mildly

masthctizcd with 0.3% cthylenc glycol monophenf ethcr.
FoUowing ancsthcsia, cach fi:b ws forcefcd 100 pl bain
homogcnatc. tn tota.l, 2 gtoups of 400 firli i4h, wac ach
bca!?d with scapic-infcctid or cbnt-ol shccp bah hmogenarc

. and 2 groups of200 fsh cac[ wcq gich tratcd with BSF-infatd
or contol bovinc_bnin hohophgtc. For bod thc cxpcrimcntal
ud tonhl groupx, thc forcc.fccding proccduc wil cpcatcd
fortrighdy for a totil. of fivc trcainot!, ro that thc mulative
inaulm for ach fsh wa 50 mg bain.cquiva.lcnu. Following thc
inoculation pcriod all fsh wcrc Lcpt otr a mainEiancc dict with
oi'riin;rciaUy awilablc chow rc prmnt cxeisivc grcwth ud
ovcrcrcwding diiring the multilw rudy pcriod. Data rcgading
mainrnuca of thc fuh, mrlrtality duc !o kahnicrl ad etural
caur: and sopling c shou in Tablc 52,

Clinlcal examination
Clhics.l cwluatioo of thc frh in crch tanl wa mdc on a daily-

btis, chcckbg epccially for uy bchavioral or swiming
abnomalitiB.

Histopathological evaluatiol
Individua& from aaah $oup (5 TSLrcatcd md 5 coomls)

wcrc sacrificcd at icguld ldcctr4 time poinb po* inoculation (3,

6, 8, 10, l?, 14, 16, 18, 24 monthr) md tissuc supl*, including
brain, splccn od intcstinc, wcrc blcn, Tisucs wcrc 6xcd in

.buffcrcd fomalin (pH 7.4), cobcddcd ia paraffin wu ad fMlly
4 [m-thict scria.l scctioro wcrc objetcd r convcntional saining
with a vaicty of saining tcchniquo including H&8, PAS, Alcian
bluc, von Kossa ud Kluvcr-Bmce The rcsuliing sediorx werc
exmincd hirtologically using light micrcscopy (Axioplu 2
Imaging Systm, Zeiss). Tissuc pictules werc takcq using thc
Ni}on Digitat Sight DS-SMc visualiziug systcm.

Congo red staining
For thc idcntfietion of possible oyloid-like shcturcs, l0 p.n-

thick bain scctions were dcpaafiinizcd, saincd with 0.5% Cotrgo
red (Mcrck, Damadq Gcmay) a.lcohol solution for 15 minutcs,
dcsaincd in 0,2% KOH, subsequcndy countcntain.d with
Maycr\ hcmatorylinc, ad after a short dehydntior, thcy wcrc
fually detcd in rylcoc, Thc sailcd *ctibu wcrc obsmd
mimscopically undcr both norul lrnd polaizcd light (Axiolab
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