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ABSTRACT

Prion diseases, as the name itself indicates, arsed by prions. Prion diseases are a
group of severe neurodegenerative conditions ofaémsnand animals . The most known
disease among all prion diseases in animals is reo8pongiform Encephalopathy
(BSE) and in humans Creutzfeldt-Jakob disease (CIBg use of British Meat and
Bone Meal (MBM) in the diets of cattle most probabiitiated epidemics of BSE in
Europe. Another possibility for infection of cattkeas the use of the MBM after the
prohibition in cattle ban used for poultry and goglder; cross contamination may have
happened in the feedstuff factories or by laterass-contamination. The newest form of
human prion disease called variant Creutzfeldtiakisease (vCJD) is resulting from
the consumation of BSE infected cattle produat®nB are responsible for the lenght of
incubation times, neuropathology of the centravoes system and the transmissibility
to other species; these specifications form thesbdasthe identification of the BSE and
vCJD.

For my Master thesis 5 inqueries were performedsflannaire about dairycow fodder,
Inquiry in the production of Meat-Bone Meal, Inquin manufactures of animal fodder,
Inquiry in the slaughterhouse and Inquiry at thetevieary administration board of
Republic Slovenia (VARS). Slovenia is followingteriia by the EU directive 999/2001.
If Slovenia will continue to following the rulesf directive it can be put from the"4
category into % of BSE status in near future (around the year Gfithere will be no

cases of BSE in next five years.

Key words : Bovine spongiform encephalopathy (BS&yriant Creutzfeldt-Jakob
disease (vCJD), Meat and Bone Meal (MBM), slaughtanimal fodder, dairy cow
fodder



1 INTRODUCTION

Prion diseases are a group of severe neurodegeeecanditions (prion diseases are
listed in Table 1) of humans (Creutzfeldt 1920; sbman 1928) and animals (Comber
1772; Wells 1997).

Table 1 : Prion diseases

Human Animal

Creutzfeldt-Jakob disease (CJD) Scrapie-goat, sheep

genetic (gCJD) Bovine spongiform encephalopathy(BSE)-
sporadic (sCJD) cattle

iatrogenic (iCJD) Chronic wasting disease-mule deer**
variant (vCJD) Feline encephalopathy-cat**

Mink encephalopathy-mink **

Gerstmann-Straussler Scheinker sindiom
(GSS)

Fatal familiar insomnia (FFI)

Fatal sporadic insomnia (FSI)

Kuru *

* Kuru (CJD like disease) is disappearing by now (it was transmited by ritual kanibalism at Fore
people-New Guinea)

** Rare cases

All prion diseases are infectious. This was scimatily confirmed. They have in
common a key role for the normal cellular priomtein, Pri, encoded by the prion
gene, /PRNP/. The prion gene /PRNP/, encodingtibe protein (PrP) is located on the
short arme of chromosome 20 (20pl2-pter). The gpdMNA (cDNA) consist of
(subunits) nucleotides (purines Adenin-Guanin, A@n)d pyrimidines (Thymin-

Cytosine, TC) base pairs, phosphates and sugaoxyfaeose). The /PRNP/ consists



35,222 base pairs totally, the PrP coding exonainst2,355 bp in lenght (Lee, 1998) or
2,301 (Pucket, 1991).

The DNA sequences of ORF (Open Reading Frame) giiyexihibits circa 90 per cent
similarity in mammals, but the similarity increages95 per cent when PrP of different
primates are compared. The similarity is less tHaper cent in non-placental mammals
(opusum, kenguru). An even lower degree of sinmifai$ found in chicken. Some
authors are of the opinion that /PRNP/ was prelseftre starting existence of mammal
species. No evidence of disease association noassgciation with the age of patient
on onset, disease duration, or PrP strain type dV2@00).

PrP>° produced in vitro lacks detectable infectivity (Hi1999). The mixture of PrP
and recombinatly-derived PrRn vitro resulted in production of a proteasestsit
prion protein, as typical for the pathogenic foriMo infectivity was detected on

bioassay. Some experiments performed later, cdsitdreot provoke a prion disease.
The PrP is converted in a post-translational process, ipysinfluenced also by the
unknown protein X into its pathological isomer, PYBSc from scrapie) differing in

conformation. Formation of PP process is presented in Figure 1.

Figure 1: Formation of PrP~
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The most probable infectious agent, ¥rRvas called prion (proteinacens infectious)
resistent to substances inactivating nucleic agfdasiner,1982). It has an unstructured

N-terminal domain of around 100 aminoacids andwacgiral C-terminal part of similar
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size including a disulphide bond and two glycosgla sites (one, two or without
glycosides). It was presented in the Nobel Lec(Bresiner, 1998) as shown in Figure 2.

Figure 2 : Prion protein (PrP) isoforms
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From Prusiner 8,B; Nobel Locture, 1998, Univ. California
Ball H.L. Ttalfarmaco Research Centre, Milano, 1996
Ball H.L. Univ, California, 2001

The PrP consist of 254 residues. The signal freceseare 1-23 (N terminal) and 231-
254 (C terminal). The pathologic PrP appears, @éytiprotease resistant. The INDEL
region contains 4 octapeptides and one nanopefdid®1l) and is sensitive to the

Proteinase K.

Because of the autologous identical proteins ofaégological agent (prions) specific
antibodies were difficult to be prepare. The prmudeall appear extremelly resistant to
physico-chemical methods of decontamination, padity to preparations

decontaminating nucleic acid substances.



Animal diseases are transmissible by lateral, ciahrma exceptionally iatrogenic way.
Some 15 percent of human prion diseases were trdednmereditary, by autosomal
dominant traits cosegregating with mutations in/te@NP/ gene, that encodes the prion
protein. The origin of sporadic CJD or GSS has lme¢n known. Human iatrogenic
infections have been well known and of great ingoze (particularly blood) but they
are very rare (Pana, 2005).

Genetic factors have a great, easily measurabligemfe on prion diseases. In scrapie,
they determine the sensitivity to infection vergailly. By a planed growing of scrapie
resistant animals, the number of new scrapie aqasgsbe significantly reduced. In New
Zealand, there are numbers of scrapie geneticatigisve animals. In many millions of

animals in herds there was not a single case dfdtapie disease.

In human prion diseases there are 10-15 percenasds with a clearly evident point
(missense) mutation in the C-terminal domain (1Q@#-prion protein or octapeptide
insertions in the N-terminal domain (50-91). Ocfatpie deletions have rarely, if ever,

been involved in CJD like case. For details seeeXrin

Human prion diseases of the CJD group were detectédst decades of this century.
Scrapie is a clinically and pathologically simitdisease in sheep and goats known over
200 years worldwide. The second animal prion diseabovine spongiform
encephalopathy (BSE) was detected in 1986. Theasksavas responsible for an
epidemy of unexpected wideness in Europe and imttréd. Characteristics of human

and animal prion diseases are summarized in Table 2



Table 2: Review of prion diseases

Origin | Name Types of disease

Human | Creutzfeldt-Jakob diseases (CJD) Sporadic

Inherrited-genetic

Variant

latrogenic

Animal | Scrapie Epidemic

Sporadic

Known lateral, connatal

Genotyped

Animal | Bovine spongiform encephalopathy (BSE) Epidemic

Sporadic-unknown origin

Sporadic lateral
Meat-Bone-Meal(MBM)

Connatal

Molecular-biology typed
(BASE types, H&L strains,...)

1. 1 Prion stability in the environment

Prion infectivity may enter soil environment viaeslding from infected animals or
decomposition of infected carcasses. Burial ofdtdd animals carcasses may result in
introduction of prions into surface environment.eTihfectivity originated from sheep
placenta or amniotic fluid, saliva or non-steritizeorganic fertilizers. Natural
transmission appears to occur via the alimentast in the majority of cases. Animals
can be infected on pasture, thus confirming theéagpan in the environment. Feeding of
aqueous soil extract can also induce the disease. EBE case at a goat (Brugeére-
Picoux, 2005), that was absolutely confirmed bydpean authorities. Animals could

have been feeded with such MBM containing priontgns. The experimental
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transmission of BSE from cattle to sheep was easitpmplished. The scrapie has been
also a true infectious disease (Hunter, 1997); wenfactors are, undoubtedly,
responsible for the susceptibility to the scrapifection. Scrapie, therefore, cannot be

eradicated by genetic selection, but only througbr@ous financial investments.

A substantial Pr® adsorbtion to clay minerals, quartz and soil sasiplas detected
(Johnson, 2006). The bounded PrRemained infectious. The transmission studies of
scrapie and chronic wasting disease (CWD) seemndimde environmental spread in
their epidemiology (Cooke, 2007). Burried carcassay remain a potential reservoir of
infectivity for many years. Pf®binds strongly to one or more soil componentsthin
clay soil the Pr# binding occurs via the N- terminal to a componémat is absent in
the tested sandy soils. It has also been showrttibatcrapie agent (263K) can trasmitt
orally after persistence in soil over years (SiedéD7). Feeding of aqueous solil extracts
was able to induce the disease. Publications cuntire experiment from 1989 with
scrapie prions unbound with soil containing potd barried in a garden for three years.
Between two and three of five exposed log unitenfectivity, survived the exposure.
(Brown, 1991).

1.2 Bovine spongiform encephalopathy (BSE)

In 1986 a new, hitherto unknown, severe encephtigpe cattle, was detected in
widely separated geographic locations of England &notland. The clinical disease
probably started in 1985.

Histopathology demonstrated degenerative changgsi@crosis of neurons in different
brain steam locations with ovoid or spherical vdesoor microcavities causing
balooning of the cells resembling a spongiosis phen. Gliosis also impaired
degenerative changes (Wells, 1987). The diseasepreassionally appellated Bovine
Spongiform Encephalopathy (BSE). In Table 3 clihar#teria for diagnosis of BSE are

presented.



Table 3: Clinical criteria for the diagnosis of BSE

At least one sign in each row must be present tet the diagnostic criteria

Classical criteria 1,2,3

Veter. Labor Weybridge UK 4,5,2

Belgium 6,5,2,7,8,1,9,10
Germany 1,11,5,2
Switzerland 12,7,5,1,13
Recumbent cases (A) 14,15,2
Recumbent cases (B) 14,12,2

For details see Konold et al 2006

Legend to Table 3: Clinical signs
1) Temperament change to nervous or aggressive
2) At least two to three startled responses to hamglpahg
3) Ataxia, tremor
4) Exaggerated menace response
5) Fear at head restraint
6) Kicking at milking
7) Increased fear toward humans
8) Hypermotile ears
9) Reduced milk production
10)Teeth grinding
11) Nose licking
12)Body condition is less compared to others in tlogr
13)Increased fear at entrances or doorways
14)One or both hind limbs are stretched backward
15)Heart rate below 60 beats per minute




Clinical and histopathological characteristics asllvas the absence of inflammation
strongly resemble on scrapie at sheep and goatsyrkras a typical prion disease.
Scrapie also resembled on: (a) Kuru (Hadlow, 19&)smitted by ritual canibalism
(erradicated by now) and (b) human Creutzfeldt-Ballsease (Hadlow, 1980). The
BSE epidemic developed dramatically and almost kanaously in different regions of
England and Scotland. The characteristics of theeemic were typical of a food borne
event. In Great Britain over 184.00 BSE cases (Balgle 4) were registered until
recently but over one million of cattle, diseasadbeing at risk, were killed and

incinerated in the field because of shortage ahemation capacities.

Table 4: Number of BSE cases reported in the United Kingdom data as of 30™
September 2008

Year Number
and before 1987 446
1988 2514
1989 7228
1990 14407
1991 25359
1992 37280
1993 35090
1994 24438
1995 14562
1996 8149
1997 4393
1998 3235
1999 2301
2000 1443
2001 1202
2002 1144
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Year Number
2003 611
2004 343
2005 225
2006 114
2007 67

2008 25

Total 184.576

Source : http://www.oie.int/eng/info/en_esbru.htm (7.12.2008)

In other countries over 5 thousand cases wereteggisrecently as presented in Table 5.
Table 5: Register of BSE casesin theworld

Country Total number of cases (up to of Year of first
December 2008) reported BSE case
Austria 6 2001
Belgium 133 1997
Canada 16 1993
Czech Republic | 28 2001
Denmark 15 1992
Finland 1 2001
France 997 1991
Germany 416 1992
Greece 1 2001
Ireland 1635 1989
Israel 1 2002
Italy 142 1994
Japan 34 2001
Liechtenstein 2 1998
Luxemburg 3 1997
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Country Total number of cases (up to of Year of first
December 2008) reported BSE case

Netherlands 85 1997
Poland 61 2002
Portugal 1055 1990
Slovakia 24 2001
Slovenia 8 2001

Spain 717 2000
Sweden 1 2006
Switzerland 464 1990

USA 2 2006

Total 5.847

Source : http://wwww.oie.int/eng/info/en_esbmonde.htm (7.12.2008)

Still few states are beside above written stateat &re performing control of BSE.
These states are: Brazil, Chile, Chinese Taipeipr@; Estonia, Hungary, Latvia,

Lithuania, Malta and Mexico. There has not beentpesBSE case yet.

It appears also of interest to learn the time efdevelopment of BSE cases in Europe
and otherwise. The first BSE case in Slovenia, @aichented, was registered in 2001.
In some countries single cases were declared imperted; there is no data on cattle

export (see Table 6).

Table 6: Countries/Territories having reported cases of BSE at imported animals only

Country/Territory Number of | Date

cases
Falkland Islands 1 cases confirmed in 1989
Oman 2 cases confirmed in 1989
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Early epidemiological studies etiologically exclddetherapeutic or agricultural
chemicals on affected farms exclusively as a comnfactor. Genetic analyses
eliminated BSE from being exclusively determinedvbgndelian inheritance. There was
also no evidence that the disease was introduceéchfyrted cattle or semen. The study
supported the evidence of clinically and patholathjcsimilarities with scrapie. These
findings were consistent with exposure of cattleatcscrapie like agent via cattle
feedstuffs containing ruminant derived protein @8ihith, 1988). Table 7 represents
methods for detection of ruminant proteins. It appesafe to use the MBM without
ruminant proteins; a prion infection could be awsidn this way. The methods are,
except immunohistochemistry, on molecular basi€@a®syme ImmunoAssay (EIA) or
Polymerase Chain Reaction (PCR) with correspongiimgers. Controls of a significant

number of MBM batches has not be possible at ptesen

Table 7: Methods to detect ruminant (sheep and cattle) proteins in human and animal

foodstuffs

Method

Author

PCR-meat derived from bovine

Tartaglia 1998

ELISA for GFAP 1999

Schmidt 1999

Immunohistochemistry

Wenisch 1999

ELISA for GFAP 2001

Schmidt 2001

PCR for bovine DNA

Krcmar 2001

165rDNA GENE

Bottero 2003

Reverse transcription PCR/GFAP

Seybold 2003

PCR 8 ATP synthesis Kusama 2004
Bovine DNA in MBM PCR Toyoda 2004
FLUORESCENT PCR Sawyer 2004
PCR animals mtDNA Myers 2004
DNA FORENSIC KIT Myers 2004

Real time fluorescent PCR

Rensen 2005

PCR using DNA forensic fit

Yancy 2005




Method Author
Lateral-flow test kit Myers 2005
PCR DNA sequence Ha 2006

EIA immunohistochemistry Hossner 2006
(R) Ridascreen EIA for GFAP Bozzetta 2006
PCR primers 134-154 Henk 2006
SANDWICH ELISA Ofori 2007

For details about Methods to detect ruminant (sheep and cattle) proteinsin foodstuffs see Annex 1

The infectivity was also indicated by simultaneappearance of the disease in different

regions, where the MBM was the only typical vehicle

The MBM was introduced as cattle food at about 1®é@ause of price increase for fish
and soya meal. MBM was prepared from slaughtereapses of animals that were to
enter the human food chain. MBM was extracted witijanic solvents for tallow and
autoclaved at 126C following the hyperbaric steam to drive residealvent. About
1980 the autoclave temperatures were decreasethastlvent extraction was omitted.
The infectivity of the MBM was confirmed (Taylor995). Temperature decrease and
the omission of the solvent extraction also (prdpaip part) contributed to the
persistence of infectivity in MBM. The use of Bsiti MBM most probably caused the
disease in Europe (Taylor, 1997a).

The use of MBM in Great Britain was immediately bad (MAFF 1988). Risk organs
of cattle were also banned as brain, spinal coptees, thymus and tonsils (Anon,
1989). The export of British MBM was not bannedwewer, the disease infected
European animals. The proposal of British goverrtmrest to use British MBM for
cattle (Taylor, 2004) has not been everywhere kndwmal MBM ban was generally
introduced in 1996 and the ban for risk organs sge®es later. In the same year, the

appearance of new variant Creutzfeldt-Jakob dise&s#, was published (Will, 1996).
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Extensive molecular-biological studies on BSE psiarere performed in 1996 and 1997
in connection with the BSE epidemics and the agpesr of a new variant of human
CJD. Collinge (1996) studied the Pffstrain variations in different forms of human
CJD and compared this with the results of Pi® BSE (see Figure 3). Studying the
molecular mass of PPPand the glycoform patterns, he found the ideniith the type

4 of human CJD (variant CJD). Bruce (1997) repestexistudy with strains of scrapie,
BSE and human vCJD considering to study moleculassnincubation time, lesion
profile in the brain and transmissibility to labtmg animals. This study also
significantly confirmed the identity of the BSE amdiman vCJD. Somewhat later
(Bruce, 2002) he could also clearly confirm theaistrvariations in natural scrapie

strains, which may have changed over the past 2Gye

Variant Creutzfeldt-Jakob disease in humans hasltegls from consuming of BSE
infected meat (Wells, 1996). This was scientifigalbnfirmed by transmission parallel
experiments human-mice (Bruce, 1997), by Westeot Biping of sporadic, iatrogen,
variant prion strains (see Figure 3) with strairfisnoce infected with BSE prions
(Collinge, 1996), and by evidence for transmissimin BSE prions to transgenic
manipulated mice carrying human prion protein, i@ the species barrier (Scott,
1999).

WB studies on PrP prions were first performed simultaneously with tgpes of the
human CJD (sporadic, iatrogen, variant CJD and BpBradic CID was of the types 1
and 2, iatrogen CJD of type 3 and variant CJD a8# Bf type 4 (see Figure 3).
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Figure 3: Western blot (WB) with human CJD forms and BSE

Western blot (WB) with human CJD forms and BSE
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Case study in 2006 showed evidence of an increasiedor vCJD associated with the
frequency of consuming beef products which conta@thanically recovered meat and
head meat such as burgers, meat pies and sausaf@ed, (2006). Bioassay and
molecular-biology tests have enabled identificatmihwhat is classified as “highly
infectivity” and “lower infectivity” tissues of ctie with BSE. The highly infectivity
tissues include the brain, spinal cord, retinajcoperve, dorsal root and trigeminal
ganglia. The lower infectivity tissues include |péeral nerves, tonsils, nictitating
membrane, distal ileum, bone narrow and possiblyighth muscle
(http://www.who.int.bloodoroduct/TSE reports 7.12.2008).

There are over 162 vCJD cases in Great Britain,esdénin France, 4 in Ireland, and 2
in United States and 1 each in Canada, Italy, Tathétlands, Portugal, Saudi Arabia
and Spain. Seven of the non UK cases patients merst likely exposed to the BSE

agent in the UK because of their having residedetloiring a key exposure period of
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the UK population (http://www.cdc.gox.12.2008) to the BSE agent as shown on Figure
4.

Figure 4. BSE and vCJD potential exposure through international trade

BSE and vCJD; potential exposure through
intermational trade

Meat and bone mead Live cattie

Food contdini ng beef

Pharmaceuticals
Human and bovine ~ B/o0d and bjood

ti geus uged In products
bislagicale

Source: http:vwww.who.int/zoonoses/diseases/impact/en (07.12.2008)

The homozygote codon 129 m/m, probably for the iseitg, was detected in 98% of
infected persons. The vCJD was also transmittedréysfusion of blood products
(Liewelyn, 2004; Peden, 2004). The disease appeaseal severe neurological disease
and is invariably fatal. There is a single patiemér 50 but all others are considerable
younger. The reason for this age distribution iswell understood but it suggests that
older adults are much less susceptible to vCJDutfirahe oral route of exposure than

are children and young adults.

Criteria for diagnosis ofariant CJD

* Progressive neuropsychiatric disorder
» Early symptoms (depression, anxiety)

» Persistent painful sensory symptoms
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* Ataxia

* Myoclonus, chorea or dystonia
* Dementia

* Atypical EEG

» Duration of disease + 6 months

* Age mostly +/- 30 years

BSE has caused a harrowing fatal disease for hunidweslink between BSE and vCJD
is well stablished, although the mode of transroissemains unclear.The BSE epidemic
developed because of the recycling of animal pnateruminant feed.A cohort study to
examine maternally associated risk factors werdopeed between 1988 and 1997
(Wilesmith, 1997). The incidence of offspring ofwxy which developed BSE, was
compared with that in offspring of cows, born ie game calving season and herd cows,
which have reached at least 6 years of age withieweloping BSE. The results
indicated a statistically significant differencetween the two cohorts. These results
were later confirmed by experiments in transgenimals. The rate of connatal transfer
appears close to 10 percent. These, connatal @dfeatimals will be responsible for the
maintenance of new BSE cases in the future, beaauke dairy cows, without clinical
symptoms, the laboratory diagnosis appears extgerddficult. Successful prion
diagnostic of BSE in asymptomatic cattle with Imrahistochemistry (IHC) appears
very safe for the general prion diagnostic, bukivery time-consuming and requires
excellent microscopic possibilities and experiertdoes not enable a significant lesion
profile diagnostics. It has not been used for thars differentiation. Molecular biology
and transmission experiments in transgenic miceeappignificantly more successful

for this purpose. (Schulz-Schaeffer, 2001)

The prophylaxis in prion diseases appears to e @lsmportance. Scrapie is a prion
infection known for long time. Fortunately thereearo symptoms to indicate human
infection. Prophylactic measures are very importamtavoid lateral infections by

contact, secrets of the organism, the pasture a@whkrareas with clinically diseased
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animals in the past two years (Siedel, 2007), chtocng an unknown animal into a

known healthy herd, particularly animal with mastit

Prophylaxis is most effective in BSE. Excepting matal infections, which cannot be
excluded, the infection is caused by cattle fodtedaMeat and Bone Meal if containing

ruminant proteins contaminated with BSE prions.

For human protection it appears ideal to test fSEBrions in all animals at slaughter
house before entering in the human food chain. (Gefforts have been done,
scientifically and politically in this respect. Mexh automatisation has enabled the use
of molecular biologic methods (Western blot (WBpammunological methods (EIA))
of sufficient capacities for multiple, highly setigg testing at reasonable prices. A large
study, financed by EU, was performed (Raeber, 208&erious problem was the false
negativity, because the diagnosis at BSE infedtatl clinically asymptomatic animals,
appeared practically impossible. The number of stests, however, decreased

continuously and in some countries (Switzerlandcpcally disappeared.

1.2.1 Early studies and regulations

If BSE is a form of scrapie in cattle, the questiaas whether the species barrier may be
broken to produce a similar disease in humans. dapidlogical evidence was studied
(slaughter house workers, veterinarians) and stgdethat the transmission from cattle
to human was unlikely (Taylor, 1989).

MBM ban in 1988 in UK resulted in continuous deelin number of BSE cattles, but at
the same time the exportation increased in amamdrices in 1985-1990, particularly
in France and in Switzerland (6.600 tonnes). Theaigisk organs and tissues was also
banned, but not rigorously. The cattle brains amdjaes (') were free available. In 2001
the MBM was banned for all animals because of étefections from swine and other
animals. The MBM should be incinerated and usetheindustry; this has not been
always followed. Germany exported 2004-2005 ab&u®@ tonnes MBM to Thailand,
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Vietham and Bangladesh (Spiegel, 2007). In Cro2@®6, 40 tonnes of MBM
disappeared during transport from the renderingpaom to the industry for incineration
(Jutranji list, 2006).

The BSE has been registered by now in 24 counttigsof United Kingdom (Brown,
2006) in Europe, North America and Japan. Most B3&es, except in the UK, were
detected in France, Portugal, Spain, Germany aritz&and. Prions of infected cattle
appeared extremely infectious {L0f the brain tissue was tested. One infectedleatt
brain can infect ten thousands of cattle. Its isido in the MBM might be critical for

animal health.

Bovine import from the UK may have been an impdrsource of human exposure to
BSE as well as the disease has contributed to lbtalgrisk for disease. Another
possibility to infect cattle was the use of the MBater the cattle ban) for poultry and
pig. It may happen in the feedstuff factories orldgral, cross-contamination (Abrial,

2005). Only the feeding of pigs was statisticalyngicant.

1.2.2 Sample preparation

Correct taking of sample is very important. For pineparation of material for diagnostic
examination, cattle suspected of having the dissheald be killed with an intravenous
injection of a concentrated barbiturate solutiolofeing sedation, if necessary. The
technical procedures concerned with collectiomtfon, and histological processing and

are revised and summarized below.

In all circumstances of surveillance of neurolofidesease in adult cattle where the
occurrence of BSE within a country or state has lme¢n established or is of low
incidence, it is important that a standard neutogagical approach is followed in
which representative areas of the whole brain asméed. A decline from this is

dependent on the local national circumstancesudet) whether or not a differential
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diagnosis is required. Additionally, where rapidnmmmoassays are selected as the
primary method of choice, care will be needed isueimg that sampling and tissue
preparation for one test do not compromise thetald confirm pathological phenotype

by histopathological means.

Brain tissue should be removed as soon as posaftde death. Fresh material for
potential use in tests to detect disease-speaiRcsRould be taken ideally as a complete
coronal section (2-4 g) from the medulla, caudalthe obex, specifically avoiding
damage to the obex region. The cervical spinal @nd the lateral hemisphere of
cerebellum also offer optimal sampling areas th#itnet encroach on histopathological
requirements. This tissue is stored frozen priote&ding; precautions must be taken to
insure that the tissues for histological or IHC rekaation are not frozen as this will
provide artefactual lesions that may compromisdadbatification of vacuolation, and/or
target site location. It is possible (but not dalsie) to undertake immunohistochemistry
for PrP on material that has been frozen prioixation (Debeer, 2002). However, it is
still important to be sure that target sites haeerbidentified and checked before
negative results can be recorded. If the remaimigle brain is sampled for the
histopathological examination, it should be placedpproximately 4-6 litres of 10%
formal saline fixative, which should be changedcevweekly. After fixation for 2
weeks, the brain is cut into coronal slices. TRatfon time may be shortened by cutting
the fresh brainstem into smaller coronal piecesyitg intact the diagnostically
important areas at the obex, the cerebellar pedarasid the rostral colliculi. Depending
on some other factors (temperature, agitation, wsalof microwave) the fixation time
for these small pieces of brainstem may be redtmweéd5 days. The other formal-fixed
parts of the brain may be used for differentiagdiasis after completing the standard 2
weeks' fixation. Initially, a single block cut diet obex of the medulla oblongata (Fig. 5)
should be selected for histological processing dxyyventional paraffin wax embedding
methods for neural tissue. Sections, cut at 5 jickriess and stained with haematoxylin
and eosin, are examined for characteristic spongiichange and neuronal vacuolation.
If results are inconclusive because of minimaldesj or the material is histologically
uninterpretable due to autolysis or damage, drdfd are no histological lesions present,
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it is necessary to carry out additional tests,uditig Immunohistochemistry (IHC) or

immunoblotting.

Figure 5: Brainstem after the removal of the cerebellum, from a) dorsal and b) lateral

aspects.

Recommended levels at which sections should be taken:
A-A = medulla, at the obex;
B (B = medulla through caudal cerebellar peduncles;

C (C = midbrain through rostral colliculi.

When the occurrence of BSE in a particular courtas been established in the
indigenous cattle population, and there is evidethes the distribution of lesions is
consistent with what was seen in the brains oflecdtom the UK epizootic, it is
adequate for monitoring purposes to remove the biagh alone (Fig.5).This can be
achieved via théoramen magnum without removal of the calvarium. This will reduce
the amount of fixative required, thereby loweringsts and improving safety, while
maintaining representation of the major target sfea histological examination. The
diagnosis may be confirmed if completely typicahebes are present in the medulla at
the level of the obex. When lesions are not obviensthe medulla (obex),

immunohistochemistry should be performed. Howegien the constant lesion pattern,
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this is unlikely to contribute additional confirmat in more than 0.5% of cases of BSE
where lesions are absent in the medulla (obex)aseiVells, 1989a). Clearly this
abridged protocol does not allow a full neuropatigaial examination for differential
diagnoses to be established, nor does it repreaemiomprehensive phenotypic

characterization of any TSE.

Where the index case is identified through activeaillance, the necessary brain areas
for full phenotypic characterization may not beikalde. In most countries, hind brain
alone is collected, even before the first confiioratof BSE. Ideally, provision should
be made for heads that have been sampled in thsecaof active surveillance to be
retained until the outcome of initial testing isadable. This would enable much more
comprehensive sampling of the brain of positivarais and enable this recommended
approach to the characterization of cases. Thgaricularly important if un-validated
tests are used, and where in the absence of dwagtarison with the methods described

here results in claims that new strains have baemtified.

The processing of the brain tissue for use in #pedrtest should be carried out precisely
as specified by the supplier or manufacturer of tést method or kit. Details of this
procedure vary from method to method and shouldbeothanged without supportive
validation data for the variant methodology. Theferred sample for immunoassay
should be at, or within 1.5 cm anterior to, thexobEhe choice of target site should take
into account the preferred method of confirmatiarhere the inability to examine
brainstem histologically at the obex may prevemt detection of bilateral vacuolation.
Sampling the rostral medulla for rapid test doe$ compromise examination by
histological or immunohistochemical means. Hemisacbf the brainstem at the level
of the obex will result in loss of the ability t@sess the symmetry of lesions, but the
need for such assessment is less if immunohistastrgnis used. If this approach is
adopted however, it becomes critical to ensure ttiiattarget site is not compromised.
Both the dorsal nucleus of the vagus nerve (thgetaarea for scrapie) and the nucleus
of the solitary tract (the target area in catti®) small, and lie close to midline (Fig. 6).
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Figure 6. Cross section of the brain-stem at the level of the obex identifying the key
target sites for diagnosis by histopathology and immunohistochemistry in BSE (nucleus
of the solitary tract [ 1] and the nucleus of the trigeminal tract VV [2]) and scrapie (dorsal

nucleus of the vagus [ 3]).

Inaccurate hemisection could easily result in tloenglete loss of target area for
confirmatory testing, and significantly reduce thaHectiveness of the surveillance
programme. Such an approach needs to be implementiech very clear policy and
monitoring programme for training and QA of samgliprocedures. Because of the
unknown distribution of P, sample size should be specified in the diagnditior if
not specified, should be at least 0.5 g. Performamaracteristics of all of the tests may
be compromised by autolytic changes. In order wuce hazard to the operators,
collecting large numbers of samples for an activeeillance programme, bovine brains
should be sampled without opening the cranium. T&iseadily achieved, even at
abattoirs, following training of operators in thgeuwf a specially designed spoon, which
can be inserted through the foramen magnum of éliered head. The following is a
protocol that has been drafted by the OIE Referdratmoratory, Bern, Switzerland.

Some manufacturers that make rapid test also isplbslable spoons for brain removal.

The interpretation of observed vacuolar changekerbovine brain must be approached

with caution. Vacuoles within the perikarya, indiguishable from those of BSE, have
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been reported in neurons of the red and oculomutctei of the midbrain and other

brainstem nuclei as an incidental finding in cafff@nkhauser, 1972; Gavier-Widen,
2001; McGill, 1993; Wells, 1987). Thus, like theaghosis of scrapie, which may be
confounded by the occurrence of such neuronal Yatap scattered in the medullae of
healthy sheep (Vicari, 1997; Wells, 1989a), histbplgical diagnosis of BSE must not
rely on the presence of occasional solitary vadadlaeurons. Even relatively numerous
vacuolated neurons in the red nucleus and in therhdar nuclei must be disregarded.
The presence of spongiform change in the neurn@pecific neuroanatomical locations

in BSE provides the most confidence of minimiziatsé-positive diagnoses.

As with scrapie of sheep, the possibility of BSEemsoccurring in which brain lesions
are minimal or undetec by light microscopy is aegptial problem that can be resolved
only by diagnostic criteria independent of histbydogy (Scientific Veterinary
Committee, 1994; Wells 1994).

1.2.3 BSE field diagnostics

European Union (EU) has approved 12 rapid testsBE monitoring the cattle in
slaughterhouses; the approval for some new testensling. The tests were used in
active surveillance of BSE for the detection oferted cattle before they entry in the
human food chain. One of the approved tests isdoasethe Western blot (WB)
technique (Prionics) and other on EIA / Elisa tegbas with various modifications. It
must be stressed, that brain sample does not @eiteseflect pathologic prion protein
PrP° characteristic for the infection, in a preclidiciage, although the animal has

already been infected.

Most diagnostic test approved by the EU exploit sleéective protease resistence of
PrP° in combination with immunological detection of tipeotease resistant part of
PrP°°. Sample preparation seems to be very importassudi solubilisation requires

detergent extraction. Proteinase K digestion sheerdove the N-terminal part of PfP
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leaving the protease resistant core (PrP 27-30)théh WB the visible size shift
constitutes an indepednent criteria for the paositigsults thus greatly increasing the
specificity. The digestion conditions in EIA (ELI$Atests because of a slightly

incomplete digestion of PfRean lead to false positive results.

1.2.3.1 The 12 EU approved tests include

1. Prionics-Check Western (Prionics).
The diagnostic criteria include a decreased modeoukight (due to digestion of N-
terminus of PrP) and a three band patterns (due to different giyletion forms).

2. EIA Biorad USA.

It includes centrifugation and precipitation foetGnrichment of the analyte.

3. Enfer TSE Kkit.
One step sample preparation. For the detectiorcloolgl antibodies are used and an

enzyme-coupled secondary antibody (chemiluminesjenc

4. Prionics-Check LIA (ELISA).

Sandwich ELISA using 2 monoclonal antibodies. Debecby chemiluminescence.

5. Conformation dependent immunoassay CDI-5 (ELISApré USA.
Differential binding of antibodies to native or @eared Prf. The antibody
recognizes a conformation-dependent epitope. Aasidifference (denatured PrP

minus native PrP = Pt is used as diagnostic criterion.

6. CedeTect BSE Test, The Netherlands.
A sample is treated with a chaotropic agent (1g another used as a control (N).
The ratio of the T and N value based on the ratithe T and N value using an

enzyme conjugated monoclonal antibody.
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7. IDEXX HerdChek BSE USA.

Selective capture of the P¥Rvithout proteinase K digestion.

8. Institut Pourquier, France.
The detection uses a classical immunoassay with wemoclonal antibodies.

Capture and detection of Pffn a single step in microplate.

9. PrioSTRIP, PrionicsMicroplate.

This is chromatographic immunoassay using two miomat antibodies to detect the
core of Prf°. The resulting immuno »sandwich« appears as aipedoline and the
reading is done visually or automated. The cargritiglder is for 12 cartridges (96

strips) with software PrioSCAN.

10.Roboscreen Beta Prion EIA, Germany.
After treatment with Proteinase K the homogenaterecipitated and delipidated.

The test is classical immunoassay using two momatlantibodies.

11.Roche Applied Science Prion Screen, Germany.
A classical 96-wells plate is used for a two sidathunoassay with two monoclonal

antibodies. The detection is based on a colourimetizyme reaction.

12.Enfer TSE Kit, Ireland.
The homogenisation process is automated and thplesmre transferred to a liquid

handling robot for subsequent ELISA.

At present, no diagnostic test exists for the date®f prions in live animals or humans.

New surrogate markers are under development.

The diagnostic methods for the prion diagnosticehaeen the same as described earlier,
but they were considerably improved (and compldjatequesting a prolonged working
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time of days or weeks, to obtain a safe reprodacibsults. Only a Western blot with
phosphotungstenacid precipitation appears sat@sfabdr quick diagnostic (in slaughter
houses). Pathohistology or immuno-cytochemicabtesfuire days and are very usable
in research. The EIA method was recently improvgdcobmmercial availability of
primers specific for most frequently encounteredegie cases (codon 102; 205). For
details about diagnostic methods see Annex 2.

1.2.3.2 BSE testing of cattle in Slovenia

In Slovenia 309.780 rapid tests (mostly from Prsniurich) were performed in a)
slaughter houses, b) in cattle aged over 24 mostig;ombed from unknown reasons
and c) in five cattle succombed with typical healpical BSE symptoms in owners
stamble (one of these animals was imported fronm@gy) and in three cases at the
slaughtery (two in Graz, Austria and one in Ce§venia).The results are summarized
in the Table 8.
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Table 8 : 8 confirmed cattle with BSE in Sovenia

N° | Location Year of birth| Data Quick test Confirmation test Age of cattle
and country | about when died in
disease years
1 Dravsko polje 1996 in BSE 2001 | Prionics check| Histopathology, 5
(Gorniji grad) Slovenia Immunohistopathology
2 Savinjska dolina| 1995 in BSE 2002 | Prionics Histopathology, 7
(Ormoz) Slovenia check-Western| Immunohistopathology
3 Saleska dolina 1999 in BSE 2003 | Prionics Platelia test (ELISA), | 4
Slovenia check-Western| Histopathology,
Immunohistopathology
4 Gorenjska 2000 in BSE 2004 | Enfer, Prionics| Histopathology, 4
Slovenia check-Western| Immunohistopathology
5 Prekmurje 1998 in BSE 2004 | Enfer, Prionic$ Histopathology, 6
Germany check-Western| Immunohistopathology
6 Prlekija 2000 in BSE 2005 | Prionics Immunohistopathology| 5
Slovenia Slaughter | check- Western blot
house Western,
Graz Prionics check
LIA,
PrioSTRIP
7 Dravsko polje 2000 in BSE 2006 | Prionics check| Histopathology 6
Slovenia Slaughter | LIA Immunohistopathology
house
Graz
8 Celje 2000 in BSE 2007 7
Slovenia Slaughter
house
Celje
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It is evident and very important to see that pesitests were obtained only once in the
Slovenian slaughtery house (2007) and twice in #ausislaughtery (Graz). All the other
cases in Slovenia were typical clinical BSE ca$es also evident that the organized
testing of over 300.000 cattle in Slovenia (200020 which were clinical inapparent,
gave totally negative results. This again confitims previosly reviewed text that BSE
diagnosis in apparently healthy cattle appearsematy diffucult. On the other hand this
fact caused, particularly in Switzerland, the ferthesting of questionable importance

increasing only the price for the meat to be sold.

Slovenian infections may have started between 20@WbE or, in the last cases later.
Lateral infections, as with the other prion digsaScrapie (direct contact or by body
fluids as saliva, urine), pasture on infected aréabere diseased or clinically
asymptomatic animals pastured the last two or tlye&s) because of the prions
infectivity persistence in soil, contaminated byina@ excretions. Connatal BSE
infections in Slovenia might be excluded. The usBIBM in Slovenian BSE cases was
denied by owners, but this could not be confirmidte facts presented here indicate the
MBM as the only reasonable infection source. Theoty cannot be absolutely accepted

as the solely responsible.

From large epidemiological studies on free livingnaals, in time of BSE epidemics in
Europe, by isolation attempts of BSE prions (Westdot and EIA), supported by the
EU Commission, we have learned that animals caninliectious, but clinically
inapparent; the BSE diagnostic in such cases iemely difficult or even impossible.
Such sporadic, prion-positive but clinically inapgr@ animals were also detected in
Slovenia, but very rarely. This also, may had happeyears ago and animal rests after
slaughtering, may have entered the home-producetMd decades until recently,
because the BSE tests in slaughtery houses hameariiemduced a few years ago. We do

not have any data about testing of MBM in Slovdarahe presence of prions.
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1.2.4 Prion strain gene typing in animals

In France (Baron, 1999) the glycoform patterns &EBwere studied in cattle and in
natural scrapie isolated; in some of these theaftyms were comparable to those found
in BSE linked disease.

The PrP° types can be classified as classical BSE type @néfi L (as presented in
Figure 7) according to the higher or lower molecutaass and positions of the
nonglycosylated PP bands. Atypical strains were found in several [Beem countries
(Jacobs, 2007). Béringue (2006) tested Frencledatilated (H-type) in transgenic mice
expresing bovine or ovine PrP. All mice developegurnlogical symptoms and
succumbed thus exhibiting specific features cledr$ginct from that of BSE. Brunelle
(2007) studied the polymorphisms in the prion genemoter region, that influences
classical BSE susceptability but they are not aasedt with atypical BSE cases. The
results are consistent with the fact that atypR&E originates spontaneously in cattle.
Another publication (Brunelle, 2008) communicatedowa allele, genotype and
haplotype data for BSE resistence polymorphism froealth US Holstein cattle.
Molecular — biology and genetic studies of the bevprion gene will certainly be

continued.

Figure 7: Western blots of PrP* patterns of typical (classic) and atypical bovine
spongiform encephal opathy strains

B SE STRATINS
kDA

Classic H-TYPE L-TYPE
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Since 1990 the European community has adoptedes sd@rmeasures to protect human
and animal health from the risk of BSE. These messinave been based on the
safeguard provisions of Directives on animal-healéasures. It is appropriate, in view
of the magnitude of the risk posed to human anthahinealth by certain TSEs, to adopt

specific rules for their prevention, control anddication.

Rules should be applied to the production and ptaon the market of live animals and
products of animal origin. However, it is not nesay to apply them to cosmetic or
medical products, medical devices or their startimgterials or intermediate products,
for which other specific rules, in particular orethon-use of specified risk material,
apply. Nor should they apply to products of anirmagin which do not pose a risk to

animal or human health since they are intendegdoposes other than the production of

food, feed or fertiliser.

Member States of the European Union should instidgtucation programmes for those
involved in the prevention and control of TSEswedl as for veterinarians, farmers and

workers involved in the transportation, marketimgl @laughter of farm animals.

Certain ruminant tissues should be designated esfiga risk material on the basis of
the pathogenesis of TSEs and the epidemiologiedlistof the country or region of
origin or residence of the animal concerned. Thecifigd risk material should be
removed and disposed of in a manner which avoigilgiak to human or animal health.
In particular, it should not be placed on the matkebe used in the production of food,
feed or fertiliser. However, provision should bedador an equivalent level of health
protection by means of a screening test for TSESechout on individual animals as
soon as it has been fully validated. Slaughterriggles presenting a risk of causing
brain material to contaminate other tissues shaowt be permitted in countries or

regions other than those presenting the lowesofi&SE.

Measures should be taken to prevent the transmigdid SEs to humans or animals by

prohibiting the feeding of certain categories oinaad protein to certain categories of
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animal, and by prohibiting the use of certain ruami materials in food. These
prohibitions should be proportional to the riskedlved.

The suspected presence of any TSE in any animaildlhe notified to the competent
authority, which should immediately take all apprage measures, including placing the
suspect animal under movement restrictions whileaitawg the results of the
investigation or having it slaughtered under officsupervision. If the competent
authority cannot exclude the possibility of a TSE,should have the appropriate
investigations carried out and should keep theassrainder official supervision until a
diagnosis has been made.

In the event of official confirmation of the prese of a TSE, the competent authority
should take all the necessary measures, includinmg the carcase destroyed, carrying
out an investigation in order to identify all anisiat risk and placing movement
restrictions on the animals and the products amhahprigin identified as such. Owners
should be compensated, as soon as possible, fdosseof animals and products of

animal origin destroyed pursuant to EU Regulati®8/2001.

Provisions should be laid down covering the placorgthe market of certain live
animals and products of animal origin. Existing Gouamity rules on the identification
and registration of bovine animals provide for stegn enabling the animals to be traced
back to the dam and herd of origin in accordancéh vimternational standards.
Equivalent guarantees should be provided for bowanenals imported from third
countries. The animals and products of animal origpvered by Community rules,
moving in intra-Community trade or imported fromirth countries, should be
accompanied by the certificates required by thd sales, supplemented as appropriate
in accordance with Regulation for prevention, colnand eradication of TSEs.

The placing on the market of certain products dmah origin derived from bovine

animals in high risk regions should be prohibited.
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It is necessary, in order to ensure that the roteserning the prevention, control and
eradication of TSEs are observed, for samples taken for laboratory testing on the
basis of an established protocol which would giviellbepidemiological picture of the
situation regarding TSE. In order to guaranteeaunif testing procedures and results,
national and Community Reference Laboratories aelhhie scientific methods,
including rapid tests specifically for TSEs, shobkl established. Rapid tests should be

used as far as possible.

Animal suspected of being infected by a TSE: Islaughtered or dead animals, which
show or have shown neurological or behaviouralrdiss or a progressive deterioration
of the general condition linked to impairment oé thentral nervous system and for
which the information gathered on the basis of iaicdl examination, response to
treatment, a post-mortem examination or an anfgost-mortem laboratory analysis do
not allow an alternative diagnosis to be establisheBovine spongiform

encephalopathies (BSE) shall be suspected in bammaals which have produced a

positive result from a rapid test specifically BBE.

1.2.5 Determination of BSE status

The BSE status of a Member State of European Uaioa third country or of one of
their regions, here and after referred to as ‘aguntt region’, shall be determined on the
basis of the followingriteria:

(a) The outcome of a risk analysis identifyingta# potential factors for the appearance

of BSE referred to factors written below and tltewelopment over time;

(b) An education programme for veterinarians, beeg@dnd those who transport, trade
in and slaughter bovine animals, which seeks t@@mrge them to report all cases of

neurological manifestations in adult bovine animals
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(c) The compulsory reporting and examination ofkall/ine animals showing clinical

signs of BSE;

(d) A system of continuous surveillance and momtpof BSE with particular reference
to the risks, taking account of the guidelines mraccordance with the appropriate
international standards; reports on the number xaiménations carried out and the

results thereof must be kept for at least seversyea

(e) The examination in an approved laboratory ofigas of encephala or other tissues

collected under the surveillance system mentiongbint (d).

The risk analysis referred to factors written abebmll be based on the following
factors:
* The consumption by bovine animals of meat and boeal or greaves derived
from ruminants;
e The importation of meat and bone meal or greavésnpially contaminated by a
TSE or animal feed containing meat and bone megiteaves;
« The importation of animals or ova/embryos potehtiafected by a TSE;
« The epidemiological status of the country or regioregard to animal TSES;
» The extent of knowledge about the structure oflibeine, ovine and caprine
population in the country or region;
* The source of animal waste, the parameters of theepses for treating such

waste and the methods of producing animal feed.

1.2.6 Definition of categories

The BSE status of Member States or third countole®ne of the regions shall be

determined by classification into the following egories:
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1.2.6.1 CATEGORY 1: Country or region free of BSE

A country or region where a risk analysis has bemmucted which demonstrated that
appropriate measures have been taken for the relpeaod of time, to manage any risk

identified and

1. EITHER no BSE case has been recorded and:

(i) The criteria in points (b) to (e) have been pdied with for at least seven years, or

(i) The criteria in point (c) have been compliedhwfor at least seven years and it has
been demonstrated that for at least eight yeareaat and bone meal or greaves derived

from ruminants or mammals has been fed to ruminants

2. OR where all cases of BSE have been clearly dstraied to originate directly from
the importation of live bovine animals or bovine eyos/ova, and all the affected
bovine animals as well as, if these are femalesy thst progeny born within two years
prior to, or after, the first clinical signs of af the disease, if alive in the country or
region, have been killed and completely destroyet] aither

(i) The criteria in points (b) to (e) have been pdied with for at least seven years, or

(i) The criteria in point (c) have been complied¢hwfor at least seven years and it has
been demonstrated that for at least eight yeanmewt and bone meal or greaves have

been fed to ruminants;

3. OR where the last indigenous case of BSE wasrtesph more than seven years ago,
the criteria in points (b) to (e) have been contplgth for at least seven years and the
feeding of ruminants with meat and bone meal aeaws derived from ruminants has

been banned and the ban has been effectively edfdoc at least eight years.
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1.2.6.2 CATEGORY 2: BSE provisionally free countnyregion where no indigenous

case has been reported

Country or region where a risk analysis has beamaected which demonstrates that
appropriate measures have been taken for the rélpeaiod of time to manage any risk

identified, and

1. EITHER where there has been no case of BSE and:

(i) The criteria in points (b) to (e) are compliagth, but have not been complied with
for seven years, or

(i) It has been demonstrated that for at leashteigears no meat and bone meal or
greaves has been fed to ruminants, but the critergoint(c) have not been complied

with for seven years;

2. OR where all cases of BSE have been clearly dstraied to originate directly from
the importation of live bovine animals or bovine leyos/ova, and all the affected
bovine animals as well as, if these are femalesy thst progeny born within two years
prior to, or after, the first clinical signs of aif the disease, if alive in the country or
region, have been killed and completely destroged, either:

(i) The criteria in points (b) to (e) are compliegth, but have not been complied with
for seven years, or

(i) It has been demonstrated that for at leashtejgears no meat and bone meal or
greaves has been fed to ruminants, but the critenmint (c) have not been complied

with for seven years.

1.2.6.3 CATEGORY 3: BSE provisionally free countryregion where at least one

indigenous case has been reported
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Any country or region where a risk analysis hambamnducted which demonstrates that
appropriate measures have been taken for the relpeaod of time to manage any risk
Identified and:

1. EITHER the last indigenous case of BSE was tedanore than seven years ago, the
criteria in points (b) to (e) are complied with atiee ban on feeding ruminants with

meat and bone meal and greaves derived from rusimaeffectively enforced, but:

(i) The criteria in points (b) to (e) have not beamplied with for seven years, or
(i) The ban on feeding ruminants with meat andebareal and greaves derived from

ruminants has not been effectively enforced foheygars;

2. OR where the last indigenous case has beenteeplass than seven years ago, the
BSE incidence rate, calculated on the basis ofjgnbus cases, has been less than one
case per million during each of the last four consge twelve-month periods within
the bovine animal population over 24 months of iagihe country or region or - when

in a country or a region the bovine animal popolaver 24 months of age is less than
1 million animals - one case per real number of gopulation (calculated on the basis
of Eurostat statistics), and where:

(i) The ban on feeding ruminants with meat and bowal and greaves derived from
ruminants has been effectively enforced for attleaght years;

(i) The criteria in points (b) to (e) have beemymied with for at least seven years;

(i) The affected bovine animals as well as:

- If these are females, their last progeny bormwitwo years prior to, or after, clinical

onset of the disease;

- All bovine animals from the cohort are killed aroimpletely destroyed if they are still

alive in the country or region concerned.
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For this classification account may be taken, by efaderogation from point (iii), of the
existence of other measures offering an equivdéardl of protection in relation to the

killing of animals at risk.

1.2.6.4 CATEGORY 4: Country or region with low idence of BSE

Any country or region where:

1. The criteria listed above and complied with B®E incidence rate, calculated over
the past 12 months, has been greater than or émwale indigenous case per million
and less than or equal to one hundred cases p&ormmilithin the bovine animal

population over 24 months of age in the countrgegion; or

2. The criteria listed above are complied with #mel BSE incidence rate, calculated as
specified in point 1 has been less than one indigerase per million for less than four
consecutive 12 month periods and the affectedecastivell as:

- If these are females, their last progeny borriwitwo years prior to, or after the first
clinical signs of onset of the disease,
- All bovine animals from the cohort, if alive ihd country or region, are killed and

completely destroyed.

For this classification account may be taken, @ntlay of derogation from this point, of
the existence of other measures offering an eqeivdével of protection in relation to
the killing of animals at risk. Countries or regsiomwhere the BSE incidence rate,
calculated over the past 12 months, has beenhassadne indigenous case per million
within the cattle population over 24 months of agéhe country or region, but where a
risk analysis as described has been conducted wleitionstrates that at least one of the
criteria enabling the country or region to be dléess in category 2 or 3 is not complied

with, must be regarded as countries or regionsnigehg to category 4.
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1.2.6.5 CATEGORY 5: Country or region with highitcence of BSE

Any country or region where:
1. The criteria listed above are complied with, d@nel BSE incidence rate, calculated
over the past 12 months, has been greater thahwwred cases per million within the

bovine animal population over 24 months of agéedountry or region; or

2. The BSE incidence rate, calculated over the pashonths, has been greater than or
equal to one case per million and less than orleguane hundred cases per million
within the bovine animal population over 24 mondhsge in the country or region, and
at least one of the criteria listed and is not cledpwith.

1.2.7 Prohibitions concerning animal feeding

The feeding of protein derived from mammals is grided to ruminants.

Member States, or regions thereof, in categorydil siot be permitted to export or store
feed intended for farmed animals which containgginoderived from mammals or feed
intended for mammals, except for dogs and catsclwlebntains processed protein

derived from mammals.

Third countries, or regions thereof, in categorghall not be permitted to export to the
Community feed intended for livestock which consaprotein derived from mammals
or feed intended for mammals, except for dogs amd, ovhich contains processed

protein derived from mammals.

40



1.2.8 Standards for certain products of animal origh derived from or

containing ruminant material

The use of ruminant material for the productiontloé following products of animal
origin is prohibited:

(a) Mechanically recovered meat;

(b) Dicalcium phosphate intended as feeding stofféivestock;

(c) Gelatine, unless it is produced from ruminadek;

(d) Derivatives made from rendered ruminant fat;

(e) Rendered ruminant fat, unless it was producad:f

() Discrete adipose tissue declared fit for hurnansumption;

41



HYPOTHESIS :

Slovenia is expecting to come from™category as BSE contaminated country to'3
category. Cases of sporadic Creutzfeldt-Jakob disease (sCdmj iatrogenic
Creutzfeldt-Jakob disease (iCJD) will probably remare. Variant Creutzfeldt-Jakob

disease (vCJD) has not been detected yet in Slaveni

PURPOSE OF THE RESEARCH IN MASTER THESIS

As well known, the use of MBM in cattle food waspensible for the dissemination of
BSE in European countries. Thesis of my Master ishatiould also include the
necessary data for its production and import tov&tea. There is only a single producer
in the country. It appears absolutely to invesegés methods of production, storage,
delivery and/or incineration. The time and tempaetof autoclaving, use of organic
solvents, testing of final product for the preseateuminant protein with exact method
for this testing and to enable the denominationN&M as ruminant protein free as
well. What happened with MBM if not immediately inerated? Might it be used for
other animals? The imported MBM particularly betwe#&995-2000, how it was
controled? Was it requested (to remember, its us® anned for cattles from 1996).
Which animals were intended? Where are documemiwish that the imported MBM
from 1995-2000 was free of ruminant protein? On sitke, it use for ruminants was
banned in 1996, but on the other side its impod allowed. These data are extremely

important for BSE cases in Slovenia.
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2 EXPERIMENTAL

2.1 Questionnaire about dairycow fodder

The questionnaire about dairycow fodder was peréarim all big milk farms (at least
50 cows) in Gorenjska region (upper and lower negicome parts near Ljubljana
(Grosuplje) and in some Stajer region and Prekenag presented in Figure 8. In
Questionnaire was included 100 farmers.

Figure 8 : Regionsincluded in questionnaire about dairycow fodder
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1. What were the ingredients of the fodder rate fauryoows from the year 1995
until now?
* Maize and rest of cereals
e Soya beans
» Potatoes, beetroot
e Mowing and hay-making
* Sowing of grassy-clover mixtures
* Pasture
* Vitamine-mineral additions
* Meat-Bone Meal
(If you know the country of import, please add anmcircle following
countries)
AUSEa,Croatia, [taly, ........eeiieee e
* Other

2. What were the ingredients of the fodder rate farryaws before the year 19957
* Maize and rest of cereals
e Soya beans
» Potatoes, beetroot
e Mowing and hay-making
* Sowing of grassy-clover mixtures
» Pasture
* Vitamine-mineral additions
* Meat-bone meal
(If you know the country of import, please add encircle following
countries)
AUSEHa,Croatia, Iltaly,.......cooiiie e
* Other
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2.2 The inquiry in the production of Meat and BoneMeal

In Slovenia there is only one facility for produstiof Meat Bone Meal.

1. Do you have or you have had only your own productd meat-bone meal
(MBM)? Have you ever imported MBM?

e Own production and import

e Own production

* Import

If the answer is import, please write down untiliethyear you have
imported and the country of import.

Have anybody else beside you (if you have impat)dchported MBM?

Yes No

If the answer is vyes, please write also the name tlié company.

2. What is now the purpose of using MBM out of youarg?
* Animal fodder (pigs, poultry,...)
* Manure
* Goes and combustion

+ Biodiesel
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3. If MBM goes into combustion, do you have the restiocontrol of transportation
from your plant to combustion, respectively, hawal yntroduced the HACCP

system on this field of work?

Yes No

If the answer is yes, please write down the way acbntrol.

4. Have you ever controled or do you control now thespnce of ruminant proteins
in MBM?

Yes No

If the answer is yes, please write down whicktséave you used or which test you

are using for control.

5. Have you ever or are you carrying out now specigasares to prevent
contamination of MBM ? (measurment of T and p, HX¥Csystem,...)

Yes No

If you encircled vyes, please write down the way youse.
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6. Please describe shortly the procedure of gettindg/MiByour plant!

2.3 The inquiry in manufactures of animal fodder

The inquiry was performed in all 8 manufactures aioimal fodder in Slovenia.

1. When did you use Meat and Bone Meal (MBM) for tast time?

5. Who was the producer of meat-bone meal and aniat2l f
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6. Do you still use the animal fat?

Yes No

If the answer is yes, from whose producer?

7. Have you done for instance in the year 2000, wihenuse of MBM was still
allowed at some determined sorts of ruminants, irerrhouse any kind of

measures, which could prevent the cross contaromaitiring the process?

Yes No

If the answer is yes, what measures have you daoui&?

8. Has anykind of maesure been carried out to pretrentross contamination of

fodder during the transportation?

Yes No

If the answer was yes, which were the measuresia carried out?

48



2.4 The inquiry in the slaughterhouse

The enquiry was performed in all 6 Slovenian slaeidiouses that are slaughtering
cattle.

1. How do you cut cow or cattle in first phase of glaier?
* Via head
* Viatrunk
* Other

2. What do you do with instruments (knives, axe) afiter slaughter? Please define

the procedure!
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4. What do you do to assure the traceability of méat alaughter ?

5. What do you do with instruments for slaughter & tiesult of quick test for BSE
is positive?

6. How do you perform the desinfection of working aifethie quick test for BSE is
positive? Who is performing this for you?

7. What is the average of slaughter cows in your $igargouse per day? What is
the time difference bettwen one to another slaughteng the working time?



8. Which personal protection do you use during sléergin working time?

2.5 The inquiry at the Veterinary Administration board of Republic
Slovenia (VARS)

1. Which process do you execute to prevent the spgedfiprion diseases?

3. Which institution educates performers and contrsliéhat perform measures?

How often is this carried out and in what form?
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4. Has Meat Bone Meal (MBM) ever been imported?

Yes No

If the answer is yes, please write down the cquoitimport, the year of import and

the quantity of imported MBM.

5. Who carries out diagnostic tests of possible praseof BSE in slaughter

houses?

6. The last three cows infected with BSE were disceden slaughter house. What
tests are carried out in slaughter houses?

today?
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8. What are the procedures in the case of at theiy®s$@ist on BSE in the slaughter

houses?

3 RESULTS AND DISCUSSION

3.1 Questionnaire about dairycow fodder

Table 9 : Results of the questionnaire about dairycow fodder

Type of fodder for dairycow inBefore 1995 After 1995 untill
farms today

Maize and rest of cereals 88 % 91 %

Soya beans 20 % 35%

Potatoes, beetroot 13 % 6 %

Mowing and hay-making 88 % 93 %

Sowing of grassy-clover mixturgss0 % 53 %
Vitamine-mineral additives 59 % 82 %
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Type of fodder for dairycow inBefore 1995 After 1995 untill

farms today
MBM 3% 0%
Other 1% 2%

Why was guestionnaire about dairycow fodder in pss@ Cows that are used for milk
production live much longer than cows that areedisor meat. Here appears very
important data about dairycow fodder, which is tfaaitners from 1995 untill now did
not use MBM for fodder. But is this true? They abbluy fodder for pigs and poultry ,
which had as a content MBM (untill the end of 200énd MBM was also in strong
fodders. If farmers did not mix fodder for pigs apdultry with a reason there can
happen unintentional crosscontamination, if thenfaris not carefull enough. VARS
went to producers of fodder, to farmers, to objat are mixing fodder and to
warehouses for fodder and check fodder for rumsantyear 2006 (data from Congres
of Veterinary workers in 2008) in one test of fodd®r ruminants in one farm there
was disovered residues of fish meat meal becausmiofentional crosscontamination
with fodder for poultry and fodder for ruminants warehouse. If this fodder was
infected with PrB° Slovenian cows can still be at risk to have priisease BSE. If
farmers did not use fodder for pigs and poultry dairycows than everything is under
control, and Slovenia is on good way to becomecthentry with BSE in % cathegory
or even better in " cathegory according to Regulation (EC) No. 99912@® the
European Parliament. In addition we can see, that 40% of dairycows are in pasture
as presented in Table 9. This is very importana,da¢cause we know that there can be
infected grass or infected soil with Bfand the cow can with oral transsmition pass the
infected particles to its own body. How can infecparticles PrEfcome on grass or in
soil? There are two ways: 1) via infected MBM usedfertilizer, or 2) if sheeps were
there to pasture and they have had prion diseaapiscVery important data is also that
untill 1995 59 % farmers did use mineral additieewl that now they are using even
more mineral additives 82%. Farmers must be vergfghnot to use additives that
contain C&* from bones. We know that this is not in use anyrinrEuropean Union,
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but we do not know for the other countries, so me#ey inspection must be very
carefull what is on declaration, or even more intgat; what is not on declaration.

The average age of dead cow diagnosted as BSEvposit5,5 years. The oldest cow
with confirmed BSE was in age of 7 and youngestidsow with confirmed BSE was 4

years old as presented in Figure 9.

Figure 9: Age of deceased cow in Sovenia when BSE was confirmed

Age of died cow when BSE was confirmed

TN

Age of cow
sy

0 1 2 3 4 5 6 7 8 9
Number of case

—— Age of cow with confirmed BSE when died —— Average

3.2 Inquiry in the production of Meat-Bone Meal

It appears of importance to perform testing of 8lgan cases to see whether the types
are identical and if so, whether they correspondtyfzes examined in countries,

exporting the MBM to Slovenia. The BSE testing laughter houses has considerably
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decreased in general. What we can do is to cortggbroduction to avoid ruminant
proteins or to follow the incineration. In Slovent@owever, the only MBM producer
had no interest on cooperation. The veterinary agtnation should clarify this

problem.

3.3 Inquiry in manufacturers of animal fodder

1. When did you use Meat-Bone Meal (MBM) for the laste?
* 75 % answers was until the end of 2000,
e 25% until the end of 1999.

2. When did you use the animal fat for the productmrthe last time?
* 25 % did answer until 1999,

* 50 % until 2001,

* and 25 % until the end of 2003.

3. For what sort of animals, these fodders were irgdrfdr?
* 12,5 % answered for pigs and poultry,
* and 25 % did answer that they used only for poultry

* 62,5 % did not give me any answer.

4. What was the percent of uncleanliness presenteat fag?

* 25% of answers were that uncleanliness preserseat fat was less than 1 %,
* 25% of answers were that uncleanliness preserseat fat was less than 5 %,
* and uncleanliness present at used fat up to 8%n2ts % cases,

e but 25 % of producers did not use any uncleanliness

5. Who was the producer of meat-bone meal and aniti2l f
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* 100 % of answers was the same, they did cooperdyevath one factory that
produced MBM.

6. Do you still use the animal fat?

« 100% of answers was No.

7. Have you done for instance in the year 2000, wihenuse of MBM was still
allowed at some determined sorts of ruminants, irervhouse any kind of
measures, which could prevent the cross contaromatiring the process?

* 25 % did answer Yes. They put attention on ordemddfing fodder. First they
produce fodder for poultry, than for pigs and ie #nd for cattle. This order is
important because as in this order the fodder coedaless and less MBM, for
cattle was forbiden, so they did this mixing in &rel.

*  75% did not do anything to prevent cross contaronat

8. Has any kind of measure been carried out to pretentross-contamination of
fodder during the transportation?
e 100% of producers of fodder did not do any kind prévention of cross

contamination during the transport.

3.4 The inquiry in the slaughterhouse

1. How do you cut cow or cattle in first phase of gjlaier?

* 100% of answers were that they do the slaughteugtr trunk.

2.What do you do with instruments (knives, axegrahe slaughter?

» 83, 3 % did answer that they use cold and thamiater and for finalization they

use sterilazer.
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* 16, 7 % of slaughterhouses use only mechanicahiclggphysical method) and

desinfector.

3.When do you do quick test for BSE, after or befslaughter?
« In all slaughterhouses the quick test is used dfterslaughter (post-mortem
test).

4.What do you do to assure the traceability of naftar slaughter ?
e They all use (100% of them) the number in the ear 40T number that is on

every piece of meat from the slaughtered animal.

5.What do you do with instruments for slaughtehéd result of quick test for BSE is
positive?

* 66,7 % of slaughterhouses do the sterilization.

* 33,3 % of slaughterhouses do the sterilizationhgyibstruction of VARS (they

had the expirience with positive BSE case).

6.How do you perform the desinfection of workinganif the quick test for BSE is
positive? Who is performing this for you?

* For 66,7 % of slaughterhouses VARS or Institut oblg health is performing
desinfection of working area.

* 33,3 % of slauhgterhouses do desinfection by themse(usually in small

slaughterhouses).

7.What is the average of slaughtered cows in ytaughterhouse per day? What is
the time difference between one to another slaughteng the working time?

e Upto 10 cow per day — 50 % of slaughterhousesall staughterhouses.

e Upto 20 cow per day - 16,7 % of slaughterhousesdiom slaughterhouses.

* More than 100 cow per day — 33,3 % of slaughterésulig slaughterhouses.
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8.Which personal protection do you use during diéergn working time?

* 66,7 % of workers in slaughterhouses did answetr tthey used gloves (iron
gloves and rubber gloves), rubber apron, rubbetsbamad head gear.

* 33,3 % of workers in slaughterhouse do use glowes (gloves and rubber
gloves), rubber apron, rubber boots and helme7f46said that this helmet has

a glass to cover eyes).

Routine desinfectants are not recommended for pdeoontamination because of
inefficiency. Physical methods for inactivation@rs are also ineffective. There is no
performing of prion decontamination in all slaughtauses. If we would like to prevent
crosscontamination during the slaughter or aftaugtter (next day) workers in
slaughterhouses should know what is prion decomamoin and how should be
performed to work properly and that results arewas expect - which means that

instruments are free of prions.

One thing in this inquiry suprised me. Workers laughterhouses do not use any kind
of protection for there eyes. What is the reasansiach behaviour? There are two
reasons why they do not use eye protection. Ottetshey are not trained enough why
they should protect their eyes, and the othehat, ¢onductors responsible for personal
protection, do not give them protection or theymbd do enough control how personal
protection is used. Eyes are very sensitive, amthglthe slaugher there is a lot of blood
(red cells units are highly infective, if thereearions in the blood), that can come into

worker’s eyes.

3.5 The inquiry at the Veterinary Administration board of Republic
Slovenia (VARS)

1. Which process do you execute to prevent the sprgaddiprion diseases?
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Laying down rules for the prevention, control amddecation of certain transmissible
spongiform encephalopathies (TSEs) they perfornctimes according to directive
999/2001 and they are :
* Prohibition of using animal ruminant’s proteinsfaader.
» Performing programs of taking control over TSE iiffedent animal species
(cattle, sheep, goat and deer).
* They are excreting risk materials (SRM) from fodaio.
* They have measures how to act when there is sogspati TSE in animals or if
there is confirmed case of TSE in animals.
* They perform genetypisation for sheep with purpmséiscover gene resistant
sheep and to eliminate those with unresistant gemésSE.

2. Which institution carries out these measures andiwbne controles them ?
These measures are performed by VARS, and alsolalders of activity (farmers
as owners of animals and food manufacturers) andbiNd Veterinary Institute
(NVI) at Veterinary Faculty and veterinary organiaa. Official surveillance is
performed by VARS.

3. Which institution educates, performes and contriiitlsse measures? How often
is this carried out and in what form?

The education is performed in several levels. Td@gducation with:

* animals owners,

* manufacturers of food,

» official veterinary workers,

* NVIworkers, and

» veterinary workers in organizations.

The performers of education are VARS, Veterinary cUig, Veterinary

Chamber and Chamber for Agriculture.

4. Has meat bone meal (MBM) ever been imported?
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Yes, MBM was imported untill the end of 2000, witie severely determinechport
requirements from countries without confirmed BS&Ssec From 02.12.2000 the
import of MBM, meat meal, bone meal, fat, fat fr@amimal residues and cadavers
and all the fodder from animal cadavers and ald&dwith previously mentioned
substances was prohibited by directive 111/00nmF2.12.2000 onward there was
no import of MBM in Slovenia. From 01.04.2004 thage importing it from %
countries by the severely determined import requéets, determined by EU.

Results are presented in Table 10.

Table 10: Import of MBM in Sovenia

Year Import of MBM in tones /

Country of import

1999 41 Croatia
2000 97 Croatia
2000 47 Slovakia

The prohibition of using MBM in fodder for cattls ifrom 1996, and for other

animals, that are used for human food from 1.1.2001

5. Who carries out diagnostical tests for possiblesgmee of BSE in slaughter
houses?

Samples in slaughterhouses are taken by officiaérivery workers, who are

performing the official surveillance. The tests pegformed by locensed laboratory

of National Veterinary Institute at Veterinary leltg in Veterinary public health

and diagnostic division- diagnostic sector. Theyerforming tests by directive ES

999/2001 Annex X.

6. The last three cows infected with BSE were disceden slaughter house. What

tests are carried out in slaughter houses?
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Official veterinary workers are sampling all hégltcattle ment for human food
older than 30 months, and unhealthy cattle thaevetaughtered urgently and are
older than 24 months. They are sempling obex itlecet small ruminants they

sample obex and part of cerebellum. All sampledested by quick test. In the case

of positive results they do perform confirmaltoryest-pathological and

immunohistochemical test.

7. How many tests were carried out in slaughter hdum® the year 2000 until

today?

Untill 2007 were performe®09.780tests on cattle as presented in Table 11.

Number of positive cases was 8.

Table 11: Number of BSE tests performed on cattle and number of positive tests in

Sovenia

Year Number of tested cattles Positive cases
2001 32.616 1

2002 64.496 1

2003 66.167 1

2004 45.666 2

2005 36.784 1

2006 32.667 1

2007 31.384 1

Total 309.780 8

8. What are the procedures in the case of at theiy®s$@ist on BSE in the slaughter
houses?

Measures in case of suspection and then in cagesitive BSE case (quick test and

confirmatory test) is performed by directive ES 29®1 and are written in

Measurments of procedures in the case of positiye Base.
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The measurements are performed by VARS, manufastureor food
(slaughterhouses), farmers (owners of animals)gniNational Veterinary Institute
NVI. Production of MBM in Slovenia in tones in pegdged in Table 12.

Table 12: Production of Meat and Bone Meal in Sovenia

Years* Quantity of MBM in tones
1995 11 636
1996 13 325
1997 13 868
1998 14 598
1999 15174
2000 14 940

*there is no confidental data before 1995

Source : Data from Sovenian custom administration / Sovenian Television

Table 13: Import and export of MBM from Sovenia

Data from Slovenian custom administration / Slogerielevision

Year Export of MBM in tones Import of MBM in tonés
Country of import

1990 272 429 Austria,ltaly

1991 1839 135 ltaly, Germany

1992 1643 216 Croatia, Austria, Italy|

1993 1582 57 Croatia, Austria

1994 670 299 Austria, Croatia

1995 480 474 Austria, Croatia, Italy
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Data from Slovenian custom administration / Slogani elevision

Year Export of MBM in tones Import of MBM in tonés
Country of import

1996 394 555 Austria, Croatia, Italy

1997 912 302 Austria, Croatia

1998 1321 432 Austria, Croatia

1999 1527 122 Austria, Croatia

2000 2044 454 Austria, Croatia

There is no doubt that Slovenian BSE cases mu# haen infected with contaminated
MBM in the cattle feed (MBM), either from the owmogluction or from abroad. BSE

cases in countries exporting MBM to Slovenia as@néed in Table 13 were Slovakia
(23 BSE cases) 5, 6, 2, 7, 3 from 2001-2005; I(aB7 BSE cases) 48,38,29,7,8,7 from
2001-2006; Austria (5 BSE cases) 1,2,2 2001, 2052

3.6 Studies on Meat and Bone Meal (MBM)

The use of MBM as cattle or other animal food hasrbbanned in most European
countries as well as in USA, Canada and Japan. B&ms has also been valid for
Slovenia. Theoretically, its use as cattle food ladae possible, if it is PP free. How
difficult is this and not very safe, appears evidigom the Table in Annex 1. That is
indicating how much research, how complicated ama high priced the methodology
appeared. It has not been well standardized araiatised for mutliple, simultaneous
testing of MBM batches produced by rendering corgmnTests for the PP at
slaughter houses have already been automatisedvaildble for multiple testing using
the best available method (Western blot), but #mults have been frequently false
negative in asymptomatic animals, although infertiolThe number of such testing has
significantly decreased recently, particularly wi@erland. Some rendering companies

have supplied P negative batches of the MBM , particularly whempénparic steam
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was used (Taylor, 1997b). But this has not alwagsnbtrue and the control of each

MBM batch cannot be avoided. This does not seebetpossible because the batches of
MBM should be small. The use of the MBM for swireasd poultry appears possible

from the side lateral animals, but side infectiamgh cattles could be expected as

documented in Germany and France. The possibilityjuman infections has also been

evaluated. The extreme infectivity of the BrPLO° per ml) must be taken into account

(one cattle brain infects for more than 100.000res).

Other possibilities how to use the MBM have beatendly studied. Incinerated MBM

may be used as fertilizer (only incinerated; saengrin soil) or as source of calcium,
the raw MBM can be used for the production of tiediesel (confirmed to be free of

PrP>°) etc. Much work has to be done in the near futoranswer such questions. It
should not be forgotten that BSE in cattle willsxor many years resulting from 10%
conatally transmitted infections, which are, by nimwvthe diagnostics in asymptomatic
cases. In any case the current public health mesdiave intended to exclude high risk

bovine tissue from the animal food chains.

A summary for future investigations was publishgdBrown (2006). Future studies
have to be undertaken in countries with large nalitherds but without orally acquired
infections (Argentina 50 millions cattle, AustraB8, USA over 100 millions). Millions

of molecular-biology tests will have to be perfodnbut financial supports have not yet

been available.

The future and success of the prion research i<leat in spite of over 10 thousands
scientific articles published, and several hundradions US $ invested internationally.

The virus theory has been still discussed by sergmientists. A successful therapeutic
facility does not exist at all. The 17 millions Bpean meat and bone meal produced

have been still open for discussion.
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3.6.1 The future of Meat and Bone Meal

The future of MBM is not clear. It is actually bathfrom the food and feed chain
because of possible contamination with prions. As tonsequence of the BSE
epidemics in UK, the ban on feeding ruminant pragdb ruminants was introduced in
1988, and another ban on using materials fromectitbue, most likely to be infective
(brain, spinal cord, intestines) for human foodd amother ban in 1991 on using such
materials for feeding poultry and pigs. In 1994 Hi¢ banned the use of all mammalian
proteins in ruminant feed (EU decision 1994/381hca October 2000 specific risk
material (SRM) has to be removed from the food &l chain Europewide (EU
decision 2000/418). Due to the BSE crisis in Fraswd Germany, a 6 months ban on
feeding animal MBM for livestock (EU decision 200284), was introduced. Germany
and some other countries forbade the use of ariahai feed. The rendering industries
has been forced to find the possibilities for thee wf 16 million tons of animal
byproducts and animal carcasses including MBM. AatitliBM will be combusted
almost completely in power stations and cement wdgctually under protect from
local authorities; (Delo March 8, 2008) . Animat faas mostly used in the chemical
industry or burnt. A more economic use is the pobidn of biodiesel, based on fatty
acid methyl esther (FAME) by transestrificationtbé extracted animal fat (analogous
to the production of biodiesel from vegetable ¢gsrely or blended with conventional
diesel fuel in diesel fuel in diesel engines)). Thkculty is the potential presence of
prions in raw material. The high resistence of psito decontamination procedures has
been well known. A study has been performed toysealvhether this biodiesel is safe
for humans and environment. The highly sensitivesiét@ Blot was used to analyze the
manufactured biodiesel (Siedel, 2006) from priontaminated animal fat. The results
confirmed that the biodiesel produced was safe utidetested process conditions (each
single step of the process leads to a significadtiction of the concentration of prions
(PrP%). However, it cannot be generalized, becauséffafrent process controls, using
other conditions but it is clear, that a bio digselduction represents a more economic

usage that than the combustion of such material.
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As previously noted the MBM production must be Batisposed. Specific incineration
remains an alternative offering the oportunity thiave both thermal valorization and
solid waste recovery as ashes or calcium phospiatematerial. Studies were also
performed (Deydier, 2007) to analyze ashes effayefor in situ remediation of lead
contaminated aqueous solutions and soils and &sabe bioavailability of lead. No
toxic or genotoxic effects of ashes were observéthi woncentrations of 0,1-5 g of
ashes/L. Only 100 mg of ashes/L neutralized leattity even with lead concentrations
up to 10 ppm. Ashes do not only neutralize leadcttyxbut also act as a fertilizer.
Another study (Mouchet, 2007) confirmed the toxicind genotoxicty of lead in the
aguatic compartment suggesting the potential ytidftthe MBM combust residues for
use in remediation. Ashes from specific incinemat{taboratory) and co-incineration
(industrial process) were also studied (Coutan@720Three of the four MBM ashes
were mainly composed of calcium phosphates. Theorm@ympositions were in the
range of natural phosphate rocks. Trace elememtkjding heavy metals were below
0,6%, but industrial ashes contained much more yheaetals. According to EU
classification the laboratory ash can be classiiecan inert waste and two industrial
ashes were also mostly inert. Only one was highghable. The results considered to

give some economic value to these ashes.

3.7 Rendering processes and controls in Slovenia

It is well known that specific risk material (SR¥Mdsidues from BSE infected cattle may
contaminate the sewage in slaughterhouses (Yama2@dé). British experience in the
course of BSE epidemic revealed a significantlyhbigcontaminating probability in
small, private slaughterhouses in comparison witidenn, technically well equipped
locations. A proportion of the sludge, dischargeshf wastewater treatment, has been
historically used to produce fertilizer. Instalatiof satisfactory drains to the wastewater
may significantly reduce the contamination of sesva@issues of, mostly clinically

inapparent BSE animals, may infect slaughter wankd personal. This possibility is
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real and it was confirmed by appropriate studiasthls cases, also, the contamination
probability appears greater in small, private ldies. How was this problem handled by
veterinary administration : with disinfectants. \&fg used in the routine practice, may
be good disinfactants, according to normal micrldgizal criteria, but they are
ineffective for prions. How are the slaughteringtraments decontaminated? The best
chemical for this purpose has been sodium hydroaitkit also appears acceptable for
the environment. Which concentration should be ®d¢0w long? How is the chemical
decontamination performed in private stalls? Thipnaticular important for stalls with
animal cadavers. How is this regulated? How isaodte instruments and equipments?
Remember the iatrogenic CJD infections in hospitatsl the succesfull transmission, by
instruments used, to another surgery candidate.tdiime »prion decontamination« has
been misused by now, and this should be consideretthe future. A study compared
also risk of spreading disease by slaughterirfgramce and Great Britain. A higher risk
was detected in France (Jacob, 2007).

4 CONCLUSIONS

Slovenia has an education programme for veteringyidoreeders and those who
transport, trade and slaughter bovine animals ded for farmers, which seeks to
encourage them to report all cases of neurologmwahifestations in adult bovine

animals.

Slovenia is also cooperating in the compulsory riépg and examination of all bovine

animals showing clinical signs of BSE.
A system in Slovenia has continuous surveillarmoe raonitoring of BSE and CJD with

particular reference to the risks, taking accourthe guidelines or in accordance with

the appropriate international standards; reportshennumber of examinations carried
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out and results are kept for at least seven ydaxording to Table 11 this is performed

and they are working according to directive EU 200/1.

Laboratory workers do the examination in an appadeeoratory from VARS (National
Veterinary Institute (NVI)) of samples of encephataother tissues collected under the

surveillance system taken by veterinary workers.

For this classification, the existence of other sugas should be taken into consideration

offering an equal level of protection in relatianthe killing of animals at risk.

Slovenia is following criteria by the EU directive999/2001. If Slovenia will continue
to following the rules, it can be put from the &' category into 3 of BSE status in
the near future (around the year 2014); if there wl be no cases of BSE in next five

years.
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5 SUMMARY

First case of severe neurological disease in cattleembling scrapie in sheep, was
published in 1986. Shortly after the appearanceBSE in the UK, the causative
responsibility of Meat and Bone Meal (MBM) was sfgrantly confirmed. It was first
assumed, that the aetiological agent, named ppootginaceous infections particle)
present in the MBM, originated from sheep scrapibich slaughter offal’s were also
used for cattle feed. Clinical and laboratory mdthaonfirmed the similarity of both
diseases. Recent studies indicated that scrapegere able to persist in the soil for
years, without loosing their infectivity. Scientifidata have also confirmed the
molecular-biology similarity of the pathologicalipn (PrP9 in the natural scrapie
sheep and BSE linked diseases.

Actually available molecular-biology methods havalged the detection and evaluation
of many prion strains in humans and animals. Fa@& ttansmission experiments
transgenic mice with bovine or human prion genes’{"md") were assayed to avoid
species barrier. The most important study charaties were incubation, molecular
mass with glycosylation, transmissibility, confotina and protease resistence. It
appears of extreme importance that they are retailneng serial passages and are not
linked to the infecting prions only. The strainsvéabeen detected in all human and

animal prion diseases.

The use of MBM as foodstuff for poultry and pigstmeen actually discussed in several
countries, although we know, that the safe contfoit for the presence of prions is

practically not possible (17 milions tons per yparduced in EU). What to do with it?

Slovenia needs a good prion laboratory to studydéheelopment of prion strains. Such
laboratory already exists in Slovenia, so the fidegnostic should be done in this
laboratory to avoid sending materials abroad. Tioadsay must also be possible. A
close cooperation between human and veterinaryaimedmust be forced; the results of
such uncooperation, as happened in the UK, are kmeNvn. Animal and, particularly
human prion diseases will probably continue toteisa long period of time.
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The use of MBM for foodstuff is now prohibited. UsEMBM as cattle food would be
possible, if proven that is PtPfree. Incinerated MBM may be used as fertilizerasr

source of calcium, the raw MBM can be used forpgtaeluction of the bio-diesel.

Slovenia is following all criteria by the EU direat 999/2001. If Slovenia will continue
to following the rules, it can be put from th®& dategory (country or region with low
incidence of BSE) into'3(BSE provisionally free country or region wherdesst one
indigenous case has been reported) of BSE statusanfuture (around the year 2014),

if there will be no cases of BSE in next five years

A new BSE epidemic should not happen again butddumsnot be stated with certainty.
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5 POVZETEK

Prvi primer Stevilnih nevroloskih boleznih pri galte povzeto po praskavcu pri ovcah,
je bil opisan leta 1986.Vzéoa krivda za epidemijo BSE, je bila kmalu pa:etitu
epidemije dokazana v uporabi mesno-kostne moke (YMKRtva predvidevanja o
povzraitelju bolezni,imenovanem prion, ki naj bi bil v MK so izvirala iz s
praskavcem okuzenih trupel ovc, ki naj bi se upgakbza krmo goved. Kligne in
laboratorijske metode so potrdile podobnost obeklezZmd. Nedavne raziskave so
pokazale, da prask&svi prioni lahko ohranjajo svojo infektivnost v ziimtudi do
nekaj let, brez izgube le-te. Znanstveni dokazipstrdili tudi molekularno-bioloSke
podobnosti patoloskega priona (P)Pv naravno pojavljajeem praskavcu in z BSE

povezanimi boleznimi.

Dostopne molekularno-bioloSke metode so onddgodetekcijo in ocenitev tako
imenovanih prionskih tipov ptiloveku in zivalih. Da bi se izognili medvrstni beii, SO
naredili tako imenovane transgene misSke z govejm&loveskimi prionskimi geni
(mo®, md“). Najbolj pomembne S&tudije karakteristik boleznd slolazevanje
inkubacijske dobe, molekulske mase z glikolizaggoenosljivost, konformne oblike in
rezistence na proteinazo. Pokazalo se je za zetembno, da ti znaki med pasazami
pri enakem tipu ostanejo enaki in niso vezani lenfektivnost prionov. Tipe bolezni so

zasledili pri vseltloveskih in zivalskih prionskih boleznih.

O uporabi MKM, kot krme za piance in prage se je razpravljalo v ¢@ drzavah,
¢eprav vemo, da je varnostna kontrola le-te na prasi prionov prakéino nemogoa,

¢e vemo da v Europi letno pridelajo 17 milijonov taiKM. Kaj naj naredimo z njo?

Slovenija potrebuje dober prionski laboratorij, atdrem se bo razvilo devanje tipov
prionskih bolezni. Tak laboratorij v Sloveniji Z&égiaja, torej bi lahko vso potrditveno
diagnostiko izvajali pri nas, hkrati pa bi se izoigposiljajnu materiala v druge
refererdne laboratorije v Europi na potrditev diagnostilatrditev bolezni mora biti

mogaa tudi z testnimi zivalmi. Nagibati moramo k tesnesodelovanju medicinske in
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veterinarske stroke, saj po izkusnjah v Veliki Bnifi dobro vemo, kam nesodelovanje
med tema dvema vejama znanosti pripejoveske in predvsem Zivalske prionske

bolezni bodo verjetno obstajale Se dolgo vrsto let.

Uporaba mesno-kostne moke kot krme za zivali j¢ pdgpovedana. Uporaba MKM za
goveda, bi bila moZn&e bi dokazano bila prosta PfP Sezgana MKM se lahko
uporablja kot gnojilo ali kot vir kalcija, surova K pa je lahko uporabljena v

proizvodniji bio-diesla.

Slovenija sledi vsem kriterijem za pregitev prionskih bolezni skladno z EU direktivo
999/2001.Ce bo Slovenija e naprej dosledno upostevala jprabd lahko presla iz 4
kategorije drzave okuZene z BSE (deZela z nizkmlémzo BSE) v 3 kategorijo (dezela
brez BSE, kjer pa je bil prijavljen v preteklostord&i primer bolezni) v blizni
prihodnosti (okoli leta 2014)¢e v naslednjih 5 letih ne bo zabelezenega nobenega
primera BSE.

Nova epidemija BSE naj se ne bi ponovila, zal ga tee moremo trditi z gotovostjo.
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ANNEX 1: Detection of ruminant proteins in foodstuffs details

Table a: Sudies to detect ruminant (sheep and cattle) proteins in human and animal

foodstuffs details

D

L,

Material Methods Comments Authors
Rendering mass Bioassay in laboratory | The only test Taylor,
(MBM) animals confirming the prion | 1997b
infectivity
Animal stuffs with lesg PCR for bovine derived | Results specific, rapid| Tartaglia,
than 0,125% of MBM | meat and MBM and sensitive 1998
Brain or spinal cord in| ELISA for glial fibrillary | Valid and repeatable Schmid
meat acidic protein (GFAP) 1999
Cooked sausages Immunohistochemistry High spdgificof | Wenisch,
immunoreactions 1999
Beef carcasses, CNSELISA for glial fibrillary | Presence of normal | Schmidt,
tissues acidic protein (GFAP) | sausage ingredients djd2001
not affect the detection
of GFAP
Bovine materials in PCR with specific Detection of 0,125 % | Krcmarr,
cattle feedstuffs primers for bovine of bovine derived 2001
specific DNA material
Meat, blood samples165rRNA gene Detection limit 0,0625 | Bottero,
different species mitochondrial DNA % 2003
Bovine CNS in meat Reverse transcription 0,5 % brain Seybold,
and meat products PCR coupled with GFAR homogenate successfuR003
Cattle food (MBM) PCR targeting Subunit 8 Effectful from 0,1 to | Kusama,
of the ATP synthesis 0,01% 2004
gene
Cattle food (MBM) Real-time fluorescent | Sensitivity, specificity | Rensen,
PCR 100% at 0,005% 2005
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D

Material Methods Comments Authors

Complete cattle feed PCR using DNA forensiSensitivity 0,006% at | Yancy,
kit for DNA extraction 16 hours incubation | 2005

Cattle feed Lateral-flow test kits. | Detection level 2% Myers,
Neogen corp. FDA 2005
comparable

Raw and heat treatedCR. DNA sequence Detection limit 0,05% | Ha, 2006

cattle meals 12SrRNA (val) - available for heat
165rRNA gene treated

Meat products, CNS$F (fluorescent) EIA, (F) EIA the best Hossner

tissues R(Ridascreen) EIA, IHC 2006
(Immunohistochemistry)

CNS + or - meat (R) Ridascreen EIA Sensitivity 97,9 Bozzetta,
targeting GFA protein | Specifity 97,9 2006

Bovine meat and PCR primers 1t 134-154 Contamination level | Henk,

MBM and 233-213 0,1% 2006

Bovine blood in feed Sandwich ELISA with | Sensitive 0,05%-0,5%| Ofori,
monoclonal antibodies 2007

MBM in feed Bovine mitochondrial Pos. with 0,1% added| Toyoda,
DNA in MBM PCR with | MBM 2004
cattle specific primers

Bovine DNA in cattle | Fluorescent PCR Sensitivity 1% with | Sawyer,

feeds commercial Neogen | 2004

Bovine & other PCR for animals mtDNA| Bovine mtDNA in 27 | Myers,

animals (canine, feline, bovine, | or 37 samples 2004
ovine, porcine or poultry

Rendered material DNA forensic kit Bovine accuracy Myers,

98,9% 2006
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ANNEX 2: Diagnosis details

Pathohistology and immunocytochemistry

Pathohistology is one of the first methods for aométion of Prion diseases.
Degenerative changes were demonstrated histolbginatertain brain stem gray matter
locations with neuronal degeneration and loss afraees with discretes ovoid or
spherical vacuoles or microcavities. Balooned nesinith a narrow rim of cytoplasm
are responsible for a spongiform appearance. A glitthis accompanied degenerative
changes. Scrapie associated fibrils as observedrapie, were also found. The method
has still been used in the majority of pathologiedratories worldwide, but it cannot be

used on a large scale simultaneously.

Immunocytochemistry has been, by now, accepted safe diagnostic method. The
approval based on the UK five centre consensus rtep@boratory produced
monoclonal antibodies (see Table a) ; mostly fromenmreacted with pathologic prions
in the tissue section (mostly brain). After apprafe incubation a secondary antibody
(mouse anti-globulin), labelled with a visualiziagent, is added and counterstained.
The original, very carefully developed method, Bsveed in the Table b is very time
consuming and is used for special purposes. Irbdgnning of performing diagnostic
tests the normal cellular protein (Prfhad to be destroyed to avoid false positive
reactions. mAbs were then prepared to avoid reaetith the normal PfP The Table a
shows the partial sequences of residues (amins)agenerated as antigens for the

immunization of mice. There are many more by now.

Table a: Monoclonal antibodies/ Immunogens/ PrP sequences (Residues)

23-40 23-85 54-60 58-71 79-92 89-104 90-B&k108 95-110 106-126 109-112
139-150 140-180 141-159 142-160 144-1%24-156145-163 151-165 167-119
200-231214-226 221-234
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Antibodies to the prion protein (PrP) have also rbetudied in the last years.
Andrievskaia (2006) tried to develop antibodies iasfabovine recombinant prion
protein (brecPrP) in four strains of mice. Immutiza of antoimmunity- prone mice
NZB/NZW F (1) was tried, for the first time, to aeeme the self tolerance against PrP.
Several monoclonal antibodies recognizing contisuaad discontinuous epitopes were
established. BALB/c mice produced antibodies tigriL:1000 to 1:1500, by Enzyme
immunoassay, the NZB/NZW F(1) mice responded witgrd 1:7000 to 1:11000. A
panel of sera recognized continuous epitopes. ubljgna (Cernilec, 2007) mice lacking
the prion gene /PRNP/ were used for immunizationmune response was achived
immunizing the BALB mice with bovine recombinantPP¢brecPrP). Antibody E12/2
reacted specifically with bovine and human PrPrmitwith PrP from other mammals. It
epitope was located at the C terminus and of Helisesidue 155 (His) was crucial for
binding structural differences mice-bovine PrP. yihere sufficient to provoke a
prominent humoral response. In Japan (Furuoka, )2@arried analyses on brain
sections of cattle with BSE, sheep with scrapigeninfected with scrapie and humans
with CJD or GSS. Immunoreactivity varied probablgchuse of differences in the
aminoacid sequences of the PrP in various spe8iesme mouse recombinant PrP
(morecPrP) reacted strongly with bovine, ovine andrine PrB° even though the
aminoacid sequences, determined by the antibodgppiwere not fully identical with
aminoacid sequences proper to the species. Ineierr 134-159 of moPrP. Not all
epitopes play an important role in antigen-antiboelgction. The presence of the core

epitope is of vital interest to understand thelaody binding ability.

In 2004 a monoclonal antibody (V5B2), raised adatins peptide (214-226) from the C-
terminal part of the prion protein, recognized aitae specific for the pathologic form
of it (PrP*) i.e. sequences 214-226 used for immunization.eRéc another such

monoclonal antiserum was produced. They enablepémrmance of the test before

previously destroying the competitive normal celiuiorm of it (Prp).

Table b summerizes details of the immunocytocheynisthnique.
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Table b: Consensus protocol for PrP“”® |mmunocytochemistry

Step

1 5um sections floated on to Vectabond-coated slides

2 Sections to water

3 Picric acid 15 min

4 Water

5 3% hydrogen peroxide 30 min

6 Water

7 Hydrated autoclaving (12 for 10 min in distilled water)

8 Water

9 96% formic acid for 5 min

10 Water

11 4 M quanidine thiocyanate for 2 h &4

12 Water then Tris buffered saline

13 Blocking serum for 20 min

14 Exposure to primary PrP antibody

15 Tris buffered saline

16 Exposure to secondary antibody

17 This buffered saline

18 ABC kit

19 Tris buffered saline

20 Visualizing agent

21 Water

22 Haematoxylin counterstain

23 Dehydration, clearing and mount in Pertex

24 Dried, mounted slides may be decontaminatednalggiimmersion in 96 9
formic acid for 5 min before labelling. This is seded as a useful addition
precaution as the slides leave a possibly contdedriaboratory.

Source : Bell, 1997
100

al



Antibodies for the Pr®® may be polyclonal or, most frequently by now, mdnoal,
produced mostly in mice. The immunocytochemisrtythod was described in details.
Formic acid, guanidin thiocyanate and hydrated @ating pre-treatment in
conjunction with monoclonal PrPantibody (purchased) produced the clearest results
Diaminobenzidene was used as visuolizing agent.d¥ew the method could not, in all
cases, distinguish clearly, between Pard PrB%. Guanidin thiocyanate served also as
decontaminating agent. The method gave satisfaatesults, in most cases, with
experienced examiners, but does not appear usefulafge-scale testing. It was
recomended to store the pathologic material at°C70r, at least, at -28C. Details on

the technique are from Bell (1997).

Western blot (WB)

Western blot (WB), known since 1979 has been widshd for the diagnostic of human
infections with the Human Immunodelficiency VirddIY). It appears, by now, as the
most sensitive and specific laboratory method e diagnostic of human and animal
prion disease including BSE. The only superior dasgic method is the bioassay on
animals (mostly mice), but it takes weeks or monids final interpretation of the
results. WB analysis appears relatively simple wheslecular bands are strong and
easily interpreTable. The method was also automateldused for simultaneous testing
of cattle material from slaughterhouses. The tessents the molecular mass and
glycosylation state; it has also been used fordtnain differentiation, that become
considerably more important in the last few yepasticularly to verify the BSE types as
for instance, the recently discovered BASE typesi@dic BSE ?).

In 2001 the sensitivity of WB was significantly ingwed. The proteins (BSE brain

material) were first digested with the ProteinasdoKeliminate PrP After a sucrose

density gradient the material was electrophoresiyicseparated on 16% tris-glycine

polyacrylamide gel and electroblotted on to pol@idene fluoride membrane and then

cut into strips. Blots were inoculated with a molonal antibody to Pr¥ (mouse) and,
101



finally, treated with goat antibody to mouse IgGmated with alcaline phospharase.
The higher sensitivity of the method depends onuse of Sodium Phosphotungstic
Acid (NaPTA), that selectively precipitate PfBut not Pri.

The WB also enabled (partially) to correlate witke tdiagnostic sensitivity of the
bioassay (mostly performed with mice). TransgeniceniTg mo) expresing bovine (bo)
prion protein (PrP) serially propagate BSE priond ¢here is no species barriere for
tansmission from BSE cattle to Tg mo expresing Ariese mice were also highly
susceptible to BSE and variant CJD prions. Thehatian time and neuropathology
were also indistinguishable. These two charactersspecific for all prion strains and

they are retained by serial passages as well.

Enzyme Immunoassay (EIA), Enzyme Linked Immunosorbent Assay
(ELISA)

The base of the test is the fact, that one molexiuég enzyme can split many molecules
of a substrate thus giving rise to, and an accutionlaf a large number of end-product
molecules. The breakdown product of the substraie be identified visually,
microscopically or radiometrically, colorimetricall fluorometrically or by
luminescence. Among a number of enzymes alkalinesgiiatase or horseradish
peroxidase appeared as most versatile and appédabidiagnostic microbiology. They
may be used as a label for imunoreactant (IgG, IgM,). The method uses a solid
support (usually polystirene) in form of micropktdusually with 96 wells or
indentations). The BSE brain preparation to ingesé for Pr®* presence is first fixed
to this support. Some test modifications first dmsthe PrPto not participate in the test
itself. In the next step PTPAb (monoclonal, mouse) is added. In positive cétsesl
bind to the for Pr¥ antigen and form an immunocomplex-specific bindifighg and
Ab. Finally, an enzyme labeled mouse immunoglobigliadded which react, in positive

cases, with the mouse globulins in the complexandlour change develops. It appears
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readily visible, but it should be read by photomdte determine the optical density

which determins the result.

The EIA tests are useful for mass-testing of adargmber of previously prepared cattle
brain materials from the slaughterhouses, for ttesence of pathologic P¥P It also
can be used for the detection of ruminant proteirthe Meat and Bone Meal (MBM):
The sensitivity and specificity of EIA compares lwihat from WB but does not give
molecular-biological informations conserning the lecolar mass and glycosylation,
used for the strain typing. This has become cornsig more important in the last

years.
Enzyme Imunoassay (EIA, ELISA) for BSE diagnostiedt ELISA

1. Adsorbtion of treated brain material (with or withdBSE for PrP) to the plate
wells wall.

2. Addition of mouse monoclonal anti- for PfRantibody. If positive, formation of
an immunocomplex.

3. Addition of an enzyme-labelled mouse antiglobulin

4. Addition of a substrate for colour development.

Figure a: Taking sample of obex for testing on BSE

Source : Yearly report of VARS (2006)
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Polymerase chain reaction (PCR)

PCR is a higly sensitive and rapid method for afyiplg and detecting small quanties of
specific nucleic acids in clinical specimens (M&)llL987) by increasing the quantity of
specific nucleotide sequence of the suspectedtintecagent. This appears possible by
the directed DNA synthesis. Primers corresponding single gene sequence must be

known.

In the first cycle (1) the two DNA strands are geped by heat denaturation and the two
synthetic oligonucleotide primers, 20-25 nucleaidong (an automated DNA
synthesizer are commercially available) anneal t)their respective recognition
sequence in the 5> 3' orientation. (3) A termostabile DNA polymera@€enow
fragment of Escherichia coli DNA polymerase, U.SodBemical Corp., Cleveland,
Ohio) initiates synthesis at 3' ends of the priméngension of the primers results in
new primer binding sites. The result after one tbare two copies of the original target.
In the second cycle (4) each of the four DNA stsamadineal to primers (present in
excess) to initiate a new round of DNA synthesighe eight single stranded products,
two are of a lenght defined by the distance betwae®l including the primary annealing
sites; this » short product« accumulates exponbniasubsequent cycles.

Figure b : Schema of the polymerase chain reaction (PCR)
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Within a few cycles the predominant product of Pk#Romes a double-stranded DNA
sequence (sum of lenghts of two primers plus thennening target DNA) As few as 20
cycles would yeald one million times amount of &rpNA initially present. However,

problems may arise hindering the introduction ofhause developed PCR. This

problem should be discussed elsewhere.

In prion diseases the PCR has been used for thetigestudies including genetic
manipulations of the prion protein gene and clorergeriments. The studies have been
intensified in the past few years in order to preattle, which are prion-free and
unsusceptible to the Bovine spongiform encephalgpatfection. Its diagnostic use is

minimal, if any, excepting some controls of thetleafibod.
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ANNEX 3: Prion strain gene typing in animal’s detals

Experimental transmission of Transmissible mink épt@lopathy (TME) to golden
hamsters resulted in two different syndromes, Hy{pf) and Drowsy (DY) differing
by the clinical signs, incubation, brain infectyittiters, lesion profiles and
pathogenicity. HY incubation period was 65 +/- slayith hyperaesthesia and cerebellar
ataxia. DY incubation was 168 +/- 2 days (lethavgys representative for the DY
strain). Brain titers were f8and 10 LDso/g respectively. DY agent was the major
mink pathogen and HY a minor (Bessen, 1992a). Trans differed in resistance to
proteinase K and migration in polyacrilamyde g&. strain was more sensitive to
proteases with specific differences in immunoredgtin the region 89-103.The strains
differed in composition, conformation or both (B&x$s1992b). Further studies (Bessen,
1994) showed that PTPconformation could play a role in targeting TMEa#its to
different neuronal populations in which strain safje formation occurrs. HY and DY
strains are cleaved at different aminoterminalssitg Proteinase K (Bessen, 1995). The
self propagation of Pr® with distinc tridimensional structure could be tmelecular

basis of scrapie strains.

In Italy (Casalone, 2004) an active surveillancstay on BSE in cattle was started in
2001. Whole brains of eight cattles, by Western jléB) BSE positive were studied. In
two cattle the PrP glycotype was different from the known PBfFmolecule with

widespread, eosinophilic PtPamyloid plaques. This PtPtype and the PP type

associated with the sporadic human CJD (sCJD) sthosveconvergent molecular
signature. The strain was denoted as BASE (Bovinmylgid Spongiform

Encephalopathy). The frequency of this strain tyy@s not been known; it appear
important to perform strain typing in BSE caseshvdéposition of amyloid in the brain.
In these cases there is a different pattern oforedi distribution and topology. The
protease resistant fragment was of lower molecoiass. In summarising strictly the
molecular signature was similar to that encountered distinct subtype in sporadic

human CJD. The protease resistant fragment was @lstaster electrophohoretic
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mobility. Further monitoring however, showed tha pattern of immunopathology was
identical in Italy and the United Kingdom (CasalpB@06).

The existence of atypical molecular phenotypes amaattle with BSE was
demonstrated in France (Biacabe, 2004). Three cs#s®msed unusual features of the
WB electrophoretic profile of PF® The molecular mass was higher as compared with
55 typical BSE cases. This was confirmed by furéiadies (Baron, 2006). Intracerebral
inoculation of such isolated into C57BL/6 mice pwnodd a disease with presentation of

PrP° molecular features distinct from known BSE strains

Atypical BSE cases were also recovered in Germ&ugcdhmann, 2006), resembling
atypical cases detected in France / Italy; theyewsvo types either as H-type,
characterized by significantly higher molecularesimit a conventional glycosylation or
the L-type with only slightly lower molecular sibait distincly different glycosylation.
These atypical cases suggested the possible ddipdBSE cases in bovines. It appears
feasible that UK epidemic had also been initiatexinf a sporadic BSE case. Atypical
BSE case was also detected in Japan (Hagiwara, 200V predominant deposition of
monoglycosylated P thus resembling the type 2 human sporadic CJBt BSE
case was detected in Sweden 2006 (Gavier-Wider8)20be molecular characteristics
were in accordance with previous descriptions dipt BSE (higher susceptibility for
proteinase K, higher molecular bands, peculiar endattern and an aditional band at

14 kD position). Affinaty to the N-terminus PrP éoidies were also found.
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ANNEX 4: Scrapie

The molecular biology knowledge on prions basedd@m@nantly on the results of
studies with scrapie, a disease of sheep and goatssring worldwide until recently
and known for more than 200 years. The prion gargheep was primarily understood
to be responsible for the incubation time from atifens to the beginning of disease
symptoms (Sinc gene from Scrapie Incubation). Naorestudies of this gene revealed
a homozygous genotype ARR/ARR (Alanine, Argininbatt was considered to be
resistant for transmissible spongiform encephalupat (Scrapie and BSE). Animals
with this genotype were selected to eradicate serfmpm sheep flocks and to protect
the human food chain from small ruminant BSE rigksdreleotti, 2006). Some other
genotypes were found to be susceptible for infasticcU financially supported such
studies and the practical performance. Furtherietukdave suggested that there was a
strain variation in natural scrapie and that thecsjpum of strains may have changed
over the past 20 years (Bruce, 1997). Some new pesistant strains have also been

found in the meantime.

It was a matter of the debate whether natural senapa genetic disease arising from
certain gene alleles (Ridley, 1996) or whether thely control the susceptibility to an
infectious agens. Finally (Hunter, 1997) the evimewas presented, that scrapie is not
solely a genetic disease, as scrapie associatddsaltesponsible for the acceptance of
the infection, are present in sheep from Austrahd New Zealand; both regions have
been entirely free of scrapie. Other form of ini@e$, oral and congenital scrapie

transmissions have been observed from over 40 ge@arsintil recently.
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ANNEX 5: Human prion diseases

Degenerative parenchym processes in the gray Zahe brain were critically observed
and studied in Germany about 1916. Three of hibhertknown clinical cases were
presetented at the Conference of German neuradomidteipzig, 1920 by Jakob, and,
shortly thereafter published by Creutzfeldt (Créaltt, 1920). By histopathology the
focal degeneration of neurones was typical with roeophagia by glia cells.
Surprisingly there was a total absence of any nmffeatory reaction with cellular
exudation. Infective or intoxication aetiology didt appear as probable. Psychological
and progressive psychomotor symptoms were cleaitjeat. The focal appearance of
neuronal lesions was indicated by Creutzfeldt. Tdes of neurones was particularly
evident in the thalamic region. The duration of thease was six months to one year.
Considering our recent with cases reported in Geynra 1920 correspond significantly
with the actual knowledge. To denote the diseasth@sCreutzfeldt-Jakob one appear

justified.

Human prion diseases include Cretuzfeldt-Jakobadseg(CJD) forms as hereditary
acquired, genetic (gCJD), sporadic (sCJD), iatrag&@JD) or variant (vCJD) and the
group of Gerstmann-Straussler-Schenker syndrom&)@8d Fatal familiar insomnia
(FFI). The last member of this group is Kuru, trartted by ritual kanibalism at Fore
people (New Guinea) which is disappearing by natrogenic methods of transmission
include the use of unproperly decontaminated safgiastruments in neurosurgery,
corneal transplantation, by the medical applicatmin hypophisal hormones from
deceased persons (growth hormones, gonadotropiog)eal transplantation and
transfusion of blood products. Extensive literatune these iatrogenic forms were
described by Pana (2005). The most frequently emteoed form of the CJD is the
sporadic CJD (sCJD), responsible for 85-90 percérdll CIJD cases worldwide, the
newest form called variant CJD (vCJD) describedWiyl (1996) resulting from the

consumation of infected meat (BSE). Human prioeasgs are presented in Table a.
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Table a: Syndrome of human transmissible prion diseases

Genetic forms Number Point mutations in /PRNP/

of forms
CJD familiar P102L P10O5L G114V Al1l17V G131Y G142
GSS syndrome Y145X R148H Q160X N171S D178N V180
Fatal familiar insomnia 34 V180l T183A H187R T188A T188K T188

T1931 E196K F198S E200K D202N V20
R208H V210l E211Q Q212P Q217R Q21
E219K M232T M232R P238S

X

AJ

3

168,

INDEL 8 Insertion (base pairs) 24 ,48, 96, 120, 144,
192, 216 in /PRNP/
2 Deletion (base pairs) 24 and 48 in /PRNP/
Non-genetic forms Number
of forms
CJD sporadic
CJD iatrogen
CJD variant 4 Polymorphism at codon 129 m/m (98%)

Fatal sporadic insomnia

(A) Alanine, (R) Arginine, (N) Asparagine, (D) Agpaine acid, (C) Cysteine, (Q) Glutamine, (G)
Glycine, (E) Glutamic acid, (H) Histidine, (1) lsalcine, (L) Leucine, (K) Lysine, (M) Methionine,)(P
Proline (Fenil alanine), (S) Serine, (T) ThreonifW) Tryptophan, (Y) Tyrosine, (V) Valine

Source : Pana and Jung (2005) actualized 2007
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Criteria for diagnosis of CJD

Sporadic CJD

* Rapidly progressive dementia

e Myoclonus

» Visual or cerebral problems

* Pyramidal or extrapyramidal features
* Akynetic mutism

* Typical EEG

» Duration of disease-6 monnths

* Age mostly over 60 years

Familial (genetic) forms

» Definite or probable CJD in a first degree
« Family relative or neuropsychiatric disorder
e Plus /PRNP/ mutation

latrogenic CJD

* Progressive cerebellar syndrome with dementia ancecagnized previous

exposure risk

Human genetic prion diseases

Human genetic prion diseases have been intensiswigied in the past decades.
Laboratory techniques for the sequencing of bage pathe genome were available by
chemical or enzymatic methods, but also not toolmaanplicated, practically available
only to specialized laboratories. An enormous ssi@zas the construction of specialized
machines performing the sequencing automaticaltys tbeing available to small
laboratories as well resulting in quick and precisgults. The sequencing has not been

used for the genetic studies exclusively, but the forensic and specialized genetic
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medicine as well. The sequencing for the scienpficposes has been widely accepted.
In prion diseases diagnostic might be also criticalestigating clinically inaparent

members of a family with a known clinical case. éspive diagnostic in such case does
not necessarly mean that the person will also veldping the disease. The diagnostic

must therefore be carefully investigated.

One of the most compelling transgenic evidencetertransmission of BSE prions to
humans was published by Scott (1999) and the Reusggnoup in San Francisco,
California. For the experimental transfer they useghsgenic mice expressing bovine
prion protein (Tg(BoPrP)) mice. There was no spedarriers for transmission from
BSE cattle being in this way highly suspected fdection. Incubation, neuropathology
and PrB°®were indistinguishable from BSE and differed dradly from natural scrapie.
This was the most compelling evidence to date phans from cattle with BSE have
infected humans (vCJD). Identical results with sigenic mice were obtained by Hill
(1997). The clinical course in infected mice waschidonger that in transmission of
typical CJD, vCJD was also associated with longuicél duration. Some vCJD
inoculated mice persistently walked backwords, neseserved in transmission of
typical CJD.

It has been generally accepted that prions are nadigom pathogens composed of
conformational isomers of a host encoded glycoprotéhich appears to lack nucleic
acids. Much attention has been paid on the molebalses of prion propagation and the
species barriers that controls the cross-specassiission. This has been intimately
linked how multiple prion strains are encoded. Ré@lvantages suggested that prion
themselves are not directly neurotoxic, but theopagation involves propagation of
toxic species (Collinge, 2007). Although distinttags of conventional pathogens can
be explained by differences in their nucleic aockh@me (i.e. residue 42 serine) in the
viral protein of Influenza virus plays a criticadle in the pathologenicity of the new
Avian Influenza virus (Jiao, 2008). It has beerslelear how a polypeptide chain could
encode multiple disease phenotypes. The molecuksisbof strain diversiry,
recognizable in scientific experiments and fullrogfuction in transmission tests has not

yet fully been understood.
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Polymorphism at the codon 129 of the /PRNP/, agpesaponsible for the susceptibility
to variant CJD. Point mutaitions of a single basig m the /PRNP/ appears responsible
for several forms of the CJD and they are clinicalid pathologically well documented.
Insertion or deletion of octapeptides in the N-omgof the prion protein (PrP). Genetic
prion diseases are responsible for 10 to 20 penfeadt human prion diseases. Scientific
details on prion genetics and relevant problemgegsented on the next pages; they are

based on review articles published by Jung (2003).

Table b: Amino acids and nucleotide bases

Alanine (A) Ala
Arginine (R) Arg
Asparagine (N) Asn
Asparagine acid (D) Asp
Cysteine (©) Cys
Glutamine (Q) GIn
Glycine (G) Gly
Glutamic acid (E) Glu
Histidine (H) His
Isoleucine () lle
Leucine (L) Leu
Lysine (K) Lys
Methionine (M) Met
Proline (P) Pro
Phenylalanine (F) Phe
Serine (S) Ser
Threonine (M) Thr
Triptophane (W) Trp
Tyrosine (Y) Tyr
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Valine

V) Val

Nucleotide (base pairs AT/ GC)

Purines Pyrimidines

Adenine (A) Thymine (T)

Guanine (G) Cytosine (C)
*Uracile (U)

*instead of thymine in the RNA

Table c: Point, Missens* mutations in the prion protein gene

Codon normal

Mutation

P102L Proline-Leucine (Pro-Leu)
P105L Proline-Leucine (Pro-Leu)
G1l14v Glycine-Valine (Gly-Val)
All17V Alanine-Valine (Ala-Val)
G131Y Glycine-Thyrosine(Gly-Tyr)
Al133V Alanine-Valine(Ala-Val)

G142S Glycine-Serine(Gly-Ser)
Y145X Thyrosine-Stop codon (Tyr-X)
R148H Arginine-Histidine (Arg-His)
Q160X Glutamine-Stop codon (GIn-X)
N171S Asparagine-Serine(Asn-Ser)
D178N Asparagine acid-Asparagine (Asp-Asn)
V180l Valine-Isoleucine (Val-lle)
T183A Threonine-Alanine (Thr-Ala)
H187R Histidine-Arginine (His-Arg)
T188A Threonine-Alanine (Thr-Ala)
T188K Threonine-Lysine(Thr-Lys)
T188R Threonine-Arginine (Thr-Arg)
T193lI Treonine-Isoleucine (Thr-lle)
E196K Glutamic acid-Lysine (Glu-Lys)
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Codon normal Mutation

E198S Phenylalanine-Serine (Phe-Ser)
E200K Glutamic acid-Lysine(Glu-Lys)
D202N Asparagine acid-Asparagine (Asp-Asn)
V203l Valine-lIsoleucine (Val-lle)

R208H Arginine-Histidine (Arg-His)

V210l Valine-lIsoleucine (Val-lle)

E211Q Glutamic acid-Glutamine (Glu-Gin)
Q212P Glutamine-Proline (GIn-Pro)
Q217R Glutamine-Arginine (GIn-Arg)
E219K Glumatic acid-Lysine (Glu-Lys)
M232T Methionine-Threonine(Met-The)
M232R Methionine-Arginine (Met-Arg)
P238S Proline-Serine(Pro-Ser)

* No change in the open-reading frame of /PRNP/
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Figure a: Types of mutation

T A C C G A Normal / Wild type

T A A C G A Substitution

T A C G A Deletion

T A T C C G A Insertion
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Figure b: Sequence of base pairs (2400) in a DNA double helix (complete genome a
7,1x 10° bp in each diploid cell)

GTTTTATGGC AC CTTTCGCATATTTCTCATCAGTCGAMCGTACCTCCCTAAGTACCG

f:n-ruémAﬁgﬁmm%ﬂ::cAArrnuccnc'rccacccmmcc'mcannccr
TGCTGGOGGAMATCAGAAuchCﬂATcmGCGCAGGTCGAGMGCTCTTACTITAGGTATGCTMATTAT:‘(I:‘E‘(!:'
cccAccmccccucucwucmﬂcrmcuAmcrcacccrmccnmccmuo‘mcmcccennggmﬂ
TGGCTTAATATGCTTGGCACGT T CGI'CMGGACTGG‘H‘TAGATATGAGTCACATTI‘TG'ITACATACGQGCGTATTC o
CATOOTAGAGATTCTCTTGTTGACATTITAAAACAGCGTGGATTACTATCTGAGTCCGATTGAAAACTAGCGAATGE
Gc'rc'r'rcuccac‘ruTAGG'!'AAGAAﬂ'cA‘rcm’rcumnc‘:cur:u'rcccucccCTAGCCCGTATATACGAng
’rcGA(:AccGCTTTGGCGTCTAT‘!‘AAGC‘!’CATTCAGGCTTCTGCOGTHTGGATTTAACCGGGGCTAGAGATCCCCATC
AACATGATTTCCATTTTCTCACCAGTAACAAAGTTTGGATTGCTACTGACCCCTCTCCIGAAATATATCCGCAGAGTCEG
CTCGTCOCTGCCTIGACECTTCCGTTTATGGTACGCTERACTTIGTGCGATACCCTCGCTCCAGCCTTATTTAGGCTCGA
TTCC'I‘GCTCQ‘I"GTTGAG'!‘TTATTGC‘l‘GcCGTCA'I'I'GCTTA'I'PATGTTCATCCGGTCMCACCGTHTAGCGTACGTTCCA
TTCAAACGGECTCTCTCATCATCCAAGOCGCTGAATTTACGGARAACATTATTAATCCCCAACTCEACT TCGAACTGCGT
TCCAGCCTCCCETTAAAGLECGCTGAATTGTTCGCGTTTACCTTGCGTCTACTCGCAGTAACCAGAGTATATCCCCATCCT
ACACTGACGTTC‘H‘ACTGAGGCAGMGAAAACGTGCGTCMAMTMCGTGCGGMGGAGCATCM’HTACCTGACTCTT

- TGATGTAATGTCTAAAGGTAAAAAACCTTCTCGCCCTCGCCCTGGTCETCCCCATCCOTTAAAACCTCATCCATGGACTT
GCCAGGTACTAAAGCCAACCCTAAAGGCGCTCGTCTTTCGTATCTACGTGETCAACAATT AAAGTCCTACGTATTAACCT
TTAATTGCAGGGGCTTCGGCCCCTTACTTCAGCATAAMATTATGTCTAATATTCAAACTGCAACCCTACGGGCTACTTATC
CCCCCAGCCTATCCCGCATGACCTTTCCCATCTTGOCTTCCTTGCTGGTCACGATTGCTCGAACCTATCACTTTACTAGAC
TCTTATTACCATTTCAACTACTCCGGTTATCGCTGCEGACTCCTTCGAGATGGACGCCGTCCTGATCGATCTTTACGACT
TEECGCTCTCOGTCTTTCTCOATTGCGTCETGCCCTTGCTATTCGAL TCTACTGTAGACATAACCCCTACSTTTACCCTAC
TTTTACTTTTTATGTCCCTCATCGTCACCTTTATGGTGAACAGTGGATTAAGT TCATCAACCATCTACCGCGCTTITACGT
GGATGGTGTTAATGCCACTCCTCTECCGATTOTTAACACTACTGGTTATATYGACCATGCACGTCCATACGTTTCCGATL
CGCTTTTCTTGRCACGATTAACCCTGATACCAATAAAATCCCTAAGCATTTGTTICAGGCAACTTITATCGACGTTTACAA
TTATTTGAATATCTATAACAACTATTTTAAAGCGCCGTCGATECCTGACCGTACCGAGCCAACGGGTATATGACCTGCAG
TAACCCTAATGAGCTTAATCAAGATGATGCTCGTTATGCTTTCCGTTGCTGCCATCTCAACGATGACTACGTACGACGCS
AMACATTTGGACTGCTCCGCTTCCTCCTGAGACTGAGETTTCTCCCCAAATSACCGACTTCACGCCTACCACTCACCTAGC
TACCACATCTATTGACATTATGGGTCTGCAAGCTGCTTATGCTAATTTCCATACTGACCAGTACSATCCGTACCCGTACG
AGAACGTGATTACTTCATGCACCGTTACCATGATGTTATTTCITCATTTGGAGGTAARACACGGAGGTCAGCGATCGACT
CTCTTATGACGCTCACAACCGTCCTTTACTTGTCATCCGOTCTAATCTCTGGGCATCTGGGGTACGACTACACTCACAAT
CTATCATCTTGATGGAACTGACCAAACGTCGTTAGGCCAGTTTTCTCGTCCTGTTCAACAGCCTACCACGTACCACTACG

Source :Point mutations in a single bp change (Muench, 1988)

Figure c: Guanine/Adenine/Thymine/Cytosine. Sequence of base pairs in DNA double
helix (complete genotype is 7,1 x 10%)

YI190Vo1L
TGACGTCA
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Figured: Indel (not true*) mutations in the prion protein gene /PRNP/

80 181 82 83 84 85 86 87 88
{1 . GGC|TGG GGA CAG CCT CAT GGT GG GG
GlylTrp Gly Glu Pro His Hys Gly 6

166 GGT .‘c PRNP
Trp Gly Prp

76 77 78 79 300 89 90 9] 97 9T gy oOf
CCC CAT BBT GGT GGC TGGE GST CAA GEA {EET GGL ACC FPRNP
Pro Hys 61y Gly Glv Trp Gly Glu Gly Gly Glv Thr Prp

Deletion of 24 (8 x 3) base pairs In PRNP resulting with
deletion of & sequences (octapeptide) in the .PrP

—_——e —
5 NWormal R, R2, R2, R3, R4 '
7 542 Rl, R2, R2, R2a, R%a, R3, R4
9 544 R1, R2, R2, R3, R2, R3, R2, RS, R4
10 5+5 RI, R2, R2, R3, R2, RSe, R2, R2, R3, R4
1 seg R1, R2, R2, R2, R3, Tﬁ,sgg.g. R2, R2, R3, R4
12 5+7 R1, R2, R2c, R3, R2, RS, K2, R3, R2, Rig, RS, Ré
13 5+8 Rl, R2, R2, R3, R, R2, R2, R2, R2, R2-R2, R2a. R4
14 549 R1,R2, R2, R3, R2, Rag, R2a. R2, R, R2, R, R, R, R4

N-region contains sequences from codons 51-91 of
{one nonapeptide and four octapeptides (9 + 4%8).
Insertion of a sole octapeptide was described by
Laplanche, 1995

* The open reading frame of the gene is not changed

R1,RZ.R3.R4 sind normale sequence

Table d: Human latrogenic Creutzfeldt-Jakob disease (iCJD) confirmed by molecular

biology methods and in all cases by bioassays in laboratory animals

Neurosurgery (brain electrodes) Bernoulli (1977)*
Corneal transplantation Duffy (1974)
Blood Liewelyn (2004)
Dura mater grafting Prichard (1987)
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Pituitary growth hormone Hintz (1985)
Pituitary gonadotropin Cochius (1990)
Instrument contamination Gibbs jr (1994)
Labor contaminated instruments Zobeley (1999)

* by bioassay of conserved original material confirmed in monkey by Gibbs jr (1994)

The incidence of Creutzfeldt-Jakob disease (CJDanitored in the UK by the
National CJD Surveillance Unit (NCJDSU) based & Western general Hospital in
Edinburgh, Scotland. The Unit brings together amteaf clinical neurologists,

neuropathologists and scientists specialised imthestigation of this disease.

Bruce (1997) studied the strains of prion diseates; were distinguishable by disease
characteristics at infected animals, incubationigosr and neuropathology. BSE
characteristic pattern of disease, transmitted iejrare retained after experimental
passages through a variety of intermediate speBrese tested natural scrapie from live
sheep, BSE from cattle, from two cats and fronedhzases of human variant CJD. She
described that the BSE signature (incubation anldopagy) is seen only in transmission
from animals suspected or known that have beerctedewith BSE. Investigated was
also the lesion profile, a semiquantitative metteotheasure the targeting of vacuolation
in different brain regions. It appeared clear, taisative link between different species
cannot be made on the bases of glycoform alonelsti appears feasible, that the
infectious agent must interact with genetic factsghe host to control the timeing and
neuropathology with such precision. The study otid®r and co-workers was of
enormous high costs. Their data provide strongemdd that the same strain is included
in the both BSE and the variant CJD.
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