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#1 Brief introduction of TSEs
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4 Whatis a prion?

# Prions infect animals and
humans

# Pathogenesis of TSE
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Prions infect animals and humans

e Scrapie in sheep was first described during thel8th century.
feedstuff.

Cattle at a trough, and a buck deer
in the wild. (Courtesy Ermias Belay)




Animal Prion Diseases

® Scrapie(SC) &”‘;
encephalopathy .“\’
(BSE)
encephalopathy &
(TME)
(FSE)
® Chronic wasting disease

® Bovine spongiform

® Transmissible mink

® Feline spongiform
encephalopathy Q
(CWD) _

Transm|SS|bIe sponglform encepha opathles(TSEs;

Human Prion Diseases

@ Creutzfeldt-Jakob fxac
disease(CJD)

@ Variant of CJD (vCID)

€ Gerstamann-Straussler-
Scheinker disease (GSS) &%.%

& Fatal familial insomnia(FFI)

¥ Kuru
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Prion diseases arise in three different ways

1. horizontal transmission
from e.g. a sheep to a
cow (BSE).

2. In inherited forms,
mutations in the prion
gene are transmitted
from parent to child.

3. They can arise
spontaneously.
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Rosalind M. Ridley €
Harry E Baker
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‘ 3 protein only model of infection
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TS Several lines of evidence support
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* Nucleic acid is not necessary for infectivity
PrPsc is associated with scrapie infectivity

» Susceptibility of a host to prion infection is
codetermined by the prion inoculum and the
PrP gene

Mutated gene can cause susceptibility to

disease without apparent infection
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Nobel prize, 1997
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BSE Inquiry Report ; : : : ;
auiny Eep 1985
oFirst cases of BSE
1986
1987|:
= oJune 1988,  g)yly, 1988; ruminant feed ban
e — 19881=. "BSE made notifiable *'GAugust. 1988; Compulsory
I nau i r > possees OFebruary, 1989; slfaughter and dlestruction
N —_— v v
q y Volume 1 S 1089|== Southwood Report  ° Aotee e
3 = O;‘lov;zmber, 1989; bans on EEO
: 3 2 Q m—  fOr human consumption in
Findings and Conclusions : = i
5 1990 = eSeptember, 1990; SBO feed ban for all
3 ——  animals and birds
) 8
% 1991 =
g 1992
aPeak incidence of BSE
1993 |
[E—_—
1994 F—F—Fn
E—
=———— ©December, 1995; ban on use of mechanically
1995|&===s recovered meat from bovine vertebral column
et for human food
S ©March 20, 1996; first cases of nvCJD reported
1996|™  eApril, 1996; bovines >30 mo and heads from all
ages >6 mo excluded from all food or feed chains

gure 1: Confirmed cases of BSE by month and year of clinic:
1set in Great Britain, 1986 to May, 1996
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Prion protein 7

Volume 1: Findings and conclusions

Volume 2: Science

Volume 3: The Early Years, 1986-88

Volume 4: The Southwood Working Party, 1988-89
Volume 5: Animal Health, 1989-96

Volume 6: Human Health, 1989-96

Volume 7: Medicines and Cosmetics

Volume 8: Variant CJD (vCJD)

Volume 9: Wales, Scotland and Northern Ireland
Volume 10: Economic Impact and International Trade
Volume 11 Scientists after Southwood

Volume 12: Livestock Farming

Volume 13: Industry Processes and Controls

Volume 14: Responsibilities for Human and Animal Health
Volume 15: Government and Public Administration

Volume 16: Reference Material
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prpC
C: cellular
normal

4

prpS¢

Sc:scrapie

abnormal isoform
7

Prusiner S.B. 1996
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Conversion
'hellces _sheets

Prusiner S.B. 1996
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Deceit

False
science

The four mad cow boys
of the Apocalypse

Denial: surrounded by fairy tales
and clouds

*Deceit:hid has countenance behind
a smiling mask and urged the
people to eat the taint beast

*False science: we are not like unto
the beasts of the fields, his foot
became a cloven hoof unto

the cow, he became continuous

with the beasts.

*Greed:
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Foot and Mouth Disease Virus
Fast spread

Prion silent spread
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The Human Form of Mad Cow Disease Linked to Tooth Decay

May 18th, 2011
By Dental Health Magazine staff
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CDC Warns Agalnst Exposure to ‘Mad Cow'-Like
Brain Diseases

Travel to certain countries, hunting, eating wild deer
meat raises risks, experts say

By Mary Elizabeth Dallas
Monday, May 23, 2011
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Spongiform Encephalopathies Brain with Large Vacuoles
in the Cortex and Cerebellum
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Humans might be infected by prions in 2 ways

skd Acquired infection
diet, iatrogenic

skd Apparently hereditary

***pboth infectious and hereditary*™**
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A Cerebellum
cortex , Purkinje
cells (TQ)

gfp , foot

FA renal cortex

endothelial cells

Small intestine m
gfp

ganglion cells

FA Thymus
epithelial cells of
medulla

FA Thymus
epithelial cells of
medulla

H&E Thymus

IHC Small intestine
Anti-Prp8G8

Lemaire-Vieille C. et al.,2000
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[Folllcular dendrltlc cells in TSE pathogene&s}

Genotype  Genotype of Germinal- Scrapie
of host bone-marrow centre replication
donor genotypes in the
spleen
Stromal Mature FDC
precursor & associated with
cell ® g% lymphocytes
Prp+
Prp+*

X

Pre—-

S

immunofogy Today

Moira E. et al: 2000
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Epidemic in fore population in
New Guinea in 1957

Transmitted by ritual cannibalism

Incubation period from 4 to 20
years

Progressive cerebellar
ataxia,dementia
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Figure 10. Mutations and polymorphisms in the human Prn-p gene associated with
the familial form of spongiform encephalopathies. The polymorphism at position
129 seems to influence the susceptibility for vCJD. because all cases of vCJD exam-
ined so far are homozygous for Met 129.
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" Species-barrier

Weissmann C. et al., 1991
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Spemes barrier

Schatzl H.M. et al., 1995
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Prion infection impairs the
cellular response to oxidative stress

» Prion infection results in an alteration
of the molecular mechansims
promoting cellular resistance to
reactive oxygen species.(ROS)

Milhavet O. et al.,2000
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) PrPC conversion
into PrPsc

(1) (2) (3)

\4

Cuv metabolism l

\ M
g
|4

Activation of glial —
and microglial cells ’ ROS

\

Protein and/or
Milhavet O. et al 2000 e transcriptional regulation

Neuronal cell death T
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Accumulation of protease-resistant prion protein(PrP)
and apoptosis of cerebellar granule cells in
transgenic mice expressing a PrP insertional mutation

PrP accumulates, there is massive apoptosis
of granule cells in the cerebellum

Chiesa R. et al.,2000
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Chiesa R. et al.,2000
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Neuropathological
changes in the
cerebella of Tg mice
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C: H &E 183days

E,F,G: ISEL(in situ)

granule cell layer
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cerebellar cortex

PrP .
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The role of prion peptide structure and
aggregation in toxicity and membrane binding

and of the prion
peptides give rise to their toxicity and
, especially
in environments, may be related
to toxicity.

Rymer D. L. et al., 2000




Compare the biology of BSE with that
of other TSE's
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Prion disease and BSE crisis

There iIs now considerable concern

that bovine prions may have been
passed to humans, resulting in a
new form of CJD

Stanley B. Prusiner

Science 1997
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Compelling transgenetic evidence for transmission of
bovine spongiform encephalopathy prions to humans

Michael R. Scott, Robert Will , James Ironside § , Hoang-
Oanh B. Nguyen, Patrick Tremblay, Stephen J.
DeArmond,

and Stanley B. Prusiner

1999
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Scott M. R. et al., 1999

46



~rNw

n reow

55

Prion protein >
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Control
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Scott M. R. et al., 1999
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Human Prion Disease
Scott M. R. et al., 1999
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“rout of first site
prion Prion

uptake replication

oral , Peyer’sm, A

patches
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.p. = Spleen
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In search of cure for CJD

Block PrP¢
synthesis

SYNTHESIS
1

Prpsc¢

2
-@ —
.
Stablll nhance
J mrevent 1'
buuhng

Sc
5" PrP* PrpP

CLEAMANLVE
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( Bovine Spongiform Encephalopathy )

Jr % (mad cow disease)
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Safe to eat - On the basis of current knowledge, scientists agree that some bovine products are sale, reqardless of

the BSE status within a given countfy. Bovine produc 15 considered safe to eat or st include milk and mllk products
qelatin prepared exclusively from hides-and-skins-and-colagen-prepared-¢ om-hies :
has never been detected in skelgtal musdle tissues, fmm whuch most quallty meat is derived. A number of scientists
believe that skeletal muscle meat is as safe to consume as milk and milk products, provided that such meat has not
been contaminated during slaughterhouse procedures.
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The future of BSE from the global perspectlve ‘

 BSE in the world: what we know today

Italy
Czech Rep
Greece
Slovak Rep
Japan
Slovenia
Austria
Finland

Portugal

Switzerland Netherlands Denmark

Belgium Spain
France 9 Germany | Poland Canada

United Ireland Luxembourg
Kir:':g?dom l l lLiechtensteirl' Israel l
v by

1986 1990 1996 1998 2000 2002 2003

Year of first reporting of indigenous BSE cases.

Meat Science 70 (2005) 555-562




BSE clinical features include the following

* Changes in temperament such as nervousness or apprehensiveness
* Aggression towards other cattle or humans
e Kicking when being milked

* Reluctance to cross concrete, turn corners, and enter yards or
doorways

* Head shyness with head held low
 Abnormal posture

* High-stepping gait, particularly of hind legs
* Incoordination

e Difficulty in rising or walking

e Skin tremors

 Decreased milk production

*  Weight loss despite good appetite

The incubation period for BSE ranges from 2-8 years. Most cases in the
United Kingdom have occurred in dairy cows aged 3-6 years. 55
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THE UNIVERSITY
of EDINBURGH

Creutzfeldt-Jakob Disease International Surveillance Network
formerly EuraCJD

About Us Resources ¥ News

Data Tables

All Definite and Probable Cases +
All CJD (excluding vC)D): Annual Mortality Rates Per Million +
Sporadic CJD: Annual Mortality Rates Per Million +
Sporadic CJD: Definite and Probable Cases +

vCJD Cases Worldwide -

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 .

Canada ] 0 0 0 0 0 0 0 0 ]
France 1 0 0 0 1 1 3 0 2 6 6 3 0 2 0 0 (
Ireland 1 0 0 0 0 0 2 1
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vC]D Cases Worldwide

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Canada 1 0 0 0 0 0 0 0 0 1
France 1 0 0 0 1 1 3 0 2 6 6 3 0 2 0 0
Ireland 1 0 0 0 0 0 2 1

Italy 1 0 0 0 0 0 0 0 1
Japan 1

Netherlands 1 1 0 ]

Portugal 1 0 1

Saudi 1

Arabia

Spain 1 0 1 2 1

Taiwan 1

UK 3 10 10 18 15 28 20 17 18 9 5 5 5 2 3 3 5
USA 1 2
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ol

3 2014 2015 2016 2017 2018 2019 2019 2020 2021 2022 2023 2024 Alive Total

Canada 2
France 1 0 0 0 0 1 1 28
Ireland 4
Italy 0 0 ] 3
Japan 1
Netherland: 3
Portugal 2
Saudi 1
Arabia

Spain 5
Taiwan ]
UK 0 0 ] 178
USA ] 4
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Committee of the OIE approved on 25 May 2007 that Taipei China
be classified by the OIE as a controlled dsk country regacding

»

bovine spongiform encephalopathy (BSE) status in accordance
with the provisions of Acticle 2.3.13.4. of the OIE Teccestrial
Animal Health Code.

This cecognition is based on the documentation submitted to the

OIE by the Official Vetedinary Secvices of Taipei China. The

Delegate of Taipei China to the OIE has the obligation to notify the

OIE immediatelyy if thece is any significant epidemiological event

mJannquSEmTaApmGwmandwconﬁnnannualluthmdw
gical has ined unchanged.

Paris, 25 May 2007
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Bovine spongiform encephalopathy: A review of
current knowledge and challenges

Tita Damayanti Lestan'* (9, Aswin Rafif Khairullah® (9, Suzanita Utama' 2, S Mulyati' (2, Tatik Hernawati' (3,
Ratna Damayant* (2, Rimayanti Rimayanti' (5, Bantari Wisynu Kusuma Wardhani* (5, Kartika Afrida Fauza®s (3,
lkechukwu Benjamin Moses” (0, Riza Zainuddin Ahmad® (5, Syahputra Wibowo* (9, Ima Fauziah® (3, Dea Anita
Ariani Kurniasih® (), Zein Ahmad Baihagi' @, Wasito Wasito® (&, Muhammad Khaliim Jati Kusala® & and Ertika
Fitri Lisnanti'' (3

‘Division of Veterinary Reproduction, Faculty of Veterinary Medicine, Universitas Airlangga, Surabaya, Indonesia
“Research Center for Veterinary Science, National Research and lnnovation Agency (BRIN), Bogor. Indonesia
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*Research Cemter for Pharmacentical Ingredients and Traditional Medicine, National Research and fnnovation
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*Research Center for Preclinical and Clinical Medicine, National Research and Innovaiion Agency (BRIN),
Bogaor, Indonesia
*Department of Environmental and Preventive Medicine, Faculty of Medicine, Ctita University, Yigfu, Japan
"Department of Applied Microbiolagy, Faculty of Science, Ebonyi State University, Abakaliki, Nigeria
“Eijkman Research Center for Molecular Biology, National Research and fnnovation Agency (BRIN),
Bagaor, Indonesia
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Bogar, Indanesia
"Research Center for Animal Husbandry, National Research and Innovation Agency (BRIN), Bogor, Indonesia
" Pragram of Animal Husbandry, Faculty of Agriculnure, Universitas fslom Kadiri, Kediri, Indonesia

ABSTRACT

Bovine spongiform encephalopathy (BSE), also referred to as mad cow disease, is a chronic degenerative disease that
affects the central nervous system. BSE is caused by a misfolded isoform of the prion protein, a widely expressed
glycoprotein. The illness 1s referred to as Vanant Creutzfeldi-Jakob disease (vCJD) in humans. In the United Kingdom
(UK), BSE in cattle was first discovered in 1986. Based on epidemiological data, it appears that animal feed containing
tainted meat and bone meal (MBM) as a source of meat protein is the common cause of the BSE outbreak in the
UK. Clinical indicators in cows include irregular body pesture, incoordination, difficulty in standing, weight loss,
and temperamental changes, including agitation and hostility. Feeding livestock MBM obtained from BSE-infected
livestock contaminated with BSE prions is the only known nsk factor for BSE development. Strong evidence linking
BSE to human transmission and a variant type of CJD has brought the disease to the attention of many countries.
Screening living animals for BSE is challenging. In most cases, suspected animals are usually killed. Typically, the
central nervous system is examined for prions to diagnose this iliness. There is currently no robust treatment for BSE.
The prevention of BSE can be achieved by avoiding the feeding of susceptible animals with riminant tissues that might
carTy prions.

Keywords: BSE, Cattle, Prion, Public health, vwCID.

Introduction
Bovine spongiform  encephalopathy  (BSE), also
referred to as mad cow disease, is a chronic
degencrative disease that affects the central nervous
system (Haley and Richt, 2023). This 15 caused by
a misfolded 1soform of prion protein (PrPSe) that
deviates from its normal cellular 1soform, PrPC. The

alternative form of BSE in humans s the varant
Creutzfeldt-Jakob Discase (vCID). BSE 15 2 member
of the transmissible spongiform encephalopathies
(TSE) discasc family {Brown and Abee, 2005; EFSA,
2022). The infectious agent of the disease is believed to
be a misfolded protein known as a prion. The discase
has a lengthy incubation period, spanning 30 months to

“Corresponding Anther: Tita Damayanti Lestari. Division of Veterinary Reproduction, Faculty of Veterinary Medicine,
Universitas Airlangga, Surabaya, Indonesia. Email: rirealfecrn @i mmainae id
Antiches published in Open Vetermary Journal are licensed ander a Creative Cammens Astribution-NonCemnsercial 4.0 International I.n:m
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“In cattle, the C-BSE agent primarily enters the gut-associated lymphatic tissue (GALT) of the
ileum, namely the ileal Peyer’s patch (IPP), in which PrPABSE and BSE infectivity are detectable
from early after infection.”pmc.ncbi.nlm.nih “For the first time, BSE prions were detected in
the IPP as early as 2 mpi... These data indicate that BSE prions propagate in the IPP of
unweaned calves within 2 months of oral uptake of the agent.”pmc.ncbi.nlm.nih

2~d B EpAAE (PHRHAE~FAMNE) FIFICONS

“Then, through mesenteric nerves, prion proteins accumulate in the cranial
coeliaco-mesenteric ganglion complex, and then ascend to the thoracic spinal cord via the
sympathetic nervous system (e.g. splanchnic nerves) and to the brainstem and the brain via
the parasympathetic nervous system (e.g. vagus nerve) and nodose
ganglion.”pmc.ncbi.nim.nih “Our results demonstrate two routes involving the autonomic
nervous system through which BSE prions spread by anterograde pathways from the
gastrointestinal tract (GIT) to the central nervous system (CNS): (i) via the coeliac and
mesenteric ganglion complex, splanchnic nerves and the lumbal/caudal thoracic spinal cord
(representing the sympathetic GIT innervation); and (ii) via the Nervus vagus (parasympathetic
GIT innervation).”pubmed.ncbi.nlm.nih

Ackermanni et al Vet Res (2017) 48:88
hittps://doiong/10.1186/513567-017-0495-5
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in the ileal Peyer’s patch of young calves as early
as 2 months after oral challenge with classical
bovine spongiform encephalopathy

Ivett Ackermann', Anne Balkema-Buschmann', Reiner Ulrich?, Kerstin Tauscher”, James C. Shawulu’,
Markus Keller', Olanrewaju |. Fatola’, Paul Brown® and Martin H. Groschup ™

Abstract

In classical bavine spangiform encephalopathy (C-BSE), an arally acquired prion disease of cattle, the ileal Peyer's
patch (IPF) represents the main entry po 2 BSE agent. In earlier C-BSE pathogenesis sti ttle at

4-6 manths of age were arally challerged,

young animals. In the present study, urweaned calves aged 4-6 weeks were orally challenge

est time paint at which newly formed FrE=5E and BSE infe
culled 1 week as well as 2, 4, 6 and 8 months past-infecti

= there are strong indications that the risk of

n is highest in

termine the earli
re detectable in the IPF For this pur
) and IPPs were examined for BSE infe

2, calves were
using a

bavine PrP transgenic mouse bioassay, and for PreE by imm unohistechermistry (IHC) and protein misfolding cyclic

amplification (PMCA) assays. For the first time, BSE pri

s were detected in the IPP as early as 2 mpi by transgenic

mause bicassay and PMCA and 4 mpi by IHC in the follicular dendritic cells (FDICs) of the IPP follicles. These data indi
cate that BSE prions propagate in the IPP of unweaned cabves within 2 months of oral uptake of the agent.

Introduction

Transmissible spongiform encephalopathies (TSEs), or
prion diseases, are fatal neurodegenerative disorders
including scrapie, bovine spongiform encephalopathy
(BSE) and chronic wasting disease (CWD) in animals
and Creutzfeldt-Jakob disease (CJD) in humans. TSEs
are characterised by the accumulation of an abnormal
isoform of the prion protein (PrP™), resulting from
conversion of a host-encoded cellular membrane-bound
ghycoprotein (PrP) [1). In classical bovine spongiform
encephalopathy (C-BSE) of cattle, prions spread centrip-
etally mainly via the autonomic nervous system from
the gut to the central nervous system, primarily wtiliz-
ing sympathetic and to a lesser extent p ympathetic

route [2]. Specified risk materials (SRM), which possibly
contain BSE infectivity in incubating cattle, have been
banned from manufacturing of food, health products and
animal feedstuff, in order to minimize the BSE exposure
risk for humans and cattle. Currently the list of SRM from
bovines of all ages, as defined in the Regulation (EC) No
999/2001 (consolidated version as of 122016) includes
the last four metres of the small intestine (distal ileum),
the caecum, the mesentery and the tonsils in countries
having a controlled BSE risk status, while no restrictions
regarding the intestine apply for negligible risk countries.

The ileal Peyers patch (IPP), representing the gut-
associated lymphoid tissue (GALT) of the ileum, has
been lated to function as the primary site of entry

structures, while the spinal cord constitutes an additional

for the BSE agent in cattle, as PrP™* and BSE infec-
tivity have been detected from 4 mpi in this location
[3—6]. The IPP is a packed lymphatic structure in young
cattle with a maximal extension of about 4 m length at
12-18 months of age, which undergoes an involution that


https://pmc.ncbi.nlm.nih.gov/articles/PMC8583047/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8583047/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6989206/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6989206/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6989206/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6989206/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6989206/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6989206/
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“Two preclinical animals killed at 36 and 48 MPI presented the earliest
detectable and smallest deposition of immunolabelled PrPSc in the dorsal
motor nucleus of the vagus nerve, the spinal trigeminal nucleus of the
medulla oblongata at the obex region, and/or the intermediolateral
nucleus of the 13th thoracic segment of the spinal
cord.”pubmed.ncbi.nim.nih
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Prion Infectivity and PrPPSE in the Peripheral and Central
Nervous System of Cattle 8 Months Post Oral BSE Challenge
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CHation: Ackermanm, 1; Ulrich, B
Tausscher, K Fatola, O.1; Keller, M.
Shawulu, [.C; A
Caroschugp, MUH.;
Balkema-Buschmann, A. Prion
Indectivity and PeP™F in the
Peripheral and Cenral Nervous
System of Catthe § Months Post Oral
BSE Challenge. bl
22, 11310 hitps/ / diok.oeg /10

{jms222111310

Abstrack: After oral exposure of cattle with classical bovine spongiform encephalopathy (C-BSE),

the infectious agent ascends from the gut to the central nervous system (CNS) primarily via the
autonomic nervous system. However, the timeline of this progression has thus far remained widely
undetermined. Previous studies were focused on later time points after oral exposure of animals
that were already 4 to 6 months old when challenged. In contrast, in this present study, we have
orally inoculated 4 to 6 weeks old unweaned calves with high doses of BSE to identify any possible
BSE infectivity and /or PrP** in peripheral nervous tissues during the first eight months post-
inoculation (mpi). For the detection of BSE infectivity, we used a bovine PrP transgenic mouse
bioassay, while PrP*¥ depositions were analyzed by immunohistochemistry {IHC) and by protein
misfolding cyclic amplification (PMCA). We were able to show that as early as 8 mpi the thoracic
spinal cord as well as the parasympathetic nodal ganglion of these animals contained PePPE and
BSE infectivity. This shows that the centripetal prion spread starts early after challenge at least in this
for the risk for food, feed,
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age group, which represents an essential plece of inf b
and pharmaceutical products produced from young calves.
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1. Introduction

Classical bovine spongiform encephalopathy (C-BSE) is a fatal neumdegeneram e
prion disease of cattle. Other prion di ar issible spongiform encephalopat!
(TSEs) include Creutzfeldt-Jakob disease (CJD) in humans, scrapie in small rummams
as well as chronic wasting disease (CWD) in cervids. These disorders are caused by
the conversion of a host-encoded cellular membrane-bound glycoprotein (PrP) into its
abnormal isoform, the pathological prion protein (PrPTSE) [1]. BSE is also a zoonotic disease,
as the ingestion of BSE-contaminated food has been identified to cause the variant form
of CJD[2,3].

Copyright: © 2021 by ihe auihors.
Licensew MOPL, Basel, Switzerland.

This artiche b5 an open s article
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2: Ttalian C-type BSE 4: U.S. C-type BSE

91


https://doi.org/10.1186/1756-0500-4-376

& s B - Free

e P ‘/TA . - Mag '\\
A 4 Cell nuclet A e Il ﬁ’\\ \

Prion protein >

~rNw AN DWW o

WOAH BSE

Table 1 Test methods available for the diagnosis of bovine spongiform encephalopathy and their purpose

Purpose
4 \
Method P:pu::m In::lh::ua] afnlma] Contributeto | Confirmation Prevalence i Ln;r:‘;u mT 5t£||tusllr1
eedom reedom from eradication of clinical of infection - : ualanimals or
from infection prior to populations post-
policies cases surveillance
infection movement vaccination
a) .
Dataction of the et Rapid test methods:
Immunohista- _ B o cer oy i ® ELISA
chemistry « Lateral flow
assays
Western .
immunoblot B B i T t -  Rapid WB
Rapid
screening - - +++ + ++ -
tests
\, /

WOAH Terrestrial Manual
2021, Chapter 3.4.5

Key: +++ = recommended for this purpose; ++ recommended but has limitations;

+ = suitable in very limited circumstances; — = not appropriate for this purpose.

& A combination of agent identification methods applied on the same clinical sample is recommended. 92
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Figure 2. Cross-section of the bovine obex identifying the target sites for BSE diagnosis: (1) nucleus

of the solitary tract; (2) nucleus of the trigeminal nerve; (3) dorsal motor nucleus of the vagus nerve.
Reprinted from Ref. [17].

(medulla oblongata) ** B3¢ (obex) KTz f*> % > - BSEZ %7enp &% & !
(nucleus of the solitary tract )

4% (nucleus of the trigeminal nerve )
&4 4% (dorsal motor nucleus of the vagus nerve )
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" BSE Infection & Progression

Infection of calf in Clinic
the first year of life

‘ . Incubation

No evidence of BSE

Average age of clinical signs : 65 months
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I\/Iethods of BSE Diagnosis

Clinical Symptoms

Histology
PrpPs¢

— Immunohistochemistry

— SAF isolation

— Western blot (Prionics® Check)
— ELISA (BioRad"®, Enfer”)

Animal transmission

— Transgenic animals

~ Accepted by O. I. E.
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BSE CI|n|caI Signs

Retrospective evaluation

* 1/3 typical signs
* 1/3 + CNS signs

* 1/3 no CNS signs
— reduced milk yield

— weight loss

— mastitis, foot problems, peritonitis
— recumbency
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leferentlal diagnosis for BSE

e
Listeriosis

Non-suppurative encephalitis/ vasculitis
Cerebrocortical necrosis/

polioencephalomalacia
Brain edema

py” iR 4
¥

Metabolic encephalopathy
Tumors

Others
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Abstract: Bovine spongiform e naphalupalh\ (E
1o a group of diseases known as ir. ibl

) is a fatal neurodegenerative disesse that belongs

phalopathies (TSEs). It is believed that
the infections agent rsponsible for prien diseases is abnormally folded prion protein (PrE), which
derives from a normal cellular protein (PrPC), which is a cell surface glycoprotein predominantly
expreased in neurona. Thene are three different types of BSE, the classical BSE {C-type) strain and two

atypical strains (H-type and L-type). BSE is primarily a disease of cattle; however, sheep and goats also
can be infected with BSE strains and develop a disease clinically and pathogenically indistinguishable
from scrapie. Therefons, TSE cases in cattle and small ruminants require discriminatory testing to
determine whether the TSE is BSE or scrapie and to discriminate classical BSE from the atypical H- or
L-type strains. Many metheds have been developed for the detection of BSE and have been neported
in numercus studies. Detection of BSE is mainly based on the identification of characteristic lesions or
deteetion of the PIF™ in the brain, often by use of their partial proteinase K resistance properties. The
objective of this paper was to summarize the currently available methods, highlight their diagnostic
performance, and emphasize the advantages and drawbacks of the application of individual tests,

Ki de BSE; bovine i halopathy; diagnosis; PrP; prien

Y P

1. Introduction

Bovine spongiform encephalopathy (BSE) is a fatal neurcdegenerative disease of cattle
that belongs to a group of di known as issible spongi encephalopathies
(TSEs). The first huge epizootic of BSE was identified in Great Britain in 1986 and subse-
quently detected in cattle from many other countries worldwide. BSE has a long incubation
peried, between four to six years [1]. Clinical signs of the disease include behavioral
abnormalities, hypersensitivity to touch and sound, gait abnormalities, weakness, and loss
of body condition [2].

It is believed that the infectious agent responsible for prion diseases is abnormally
folded prion protein (PrP*), which derives from a cellular protein (PrP<), which isa oc]l
surface glycoprotein predominantly expressed in neurons. PrPC is converted into the patho-
logical form as a result of a conformational change, in which part of its a-helical structure
is replaced by p-sheets [3,4]. The increase in the number of PrP conformers containing
a high content of -sheets motifs gives rise to hydrophobic PrP™ intracellular aggregates
and form amyloid fibrils. PrI®™ is toxic to cells of the central nervous system (CNS), and its
formation is considered to be linked to the neurodegeneration of tissues within the CINS. Pri-
ons accumulate in high amounts in the brain, but low amounts of PrP™ are found in many
tissues and biological fluids, even at the early stages of the presy mptomatic period. PrP®®
is partially proteinase kinase (FK)-resistant, resulting in the formation of an N-terminally
truncated fragment known as PrP™ (res meaning mesistant). This unique featume of this
protein has been used to develop most of the testing methods currently used to detect of
BSE. The clinical manifestations of the disease, although characteristic, are insufficient for a
definitive diagnosis. The immune system is unable to produce a specific response to PrP™

Int | Mol Sc_ 3003, 4, 7135, hitpe/ / doi org/ 103390/ ijms24087 135
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(a)

(b)
Figure 4. Western blot analysis. H-type BSE (1), C-type BSE (2), L-type B5SE (3), and C-type BSE

(4) samples and healthy bovine used as negative control (C-). mAbs 6H4 (a) and P4 (b) were used,
respectively. Adapted from Ref. [35].
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SAF
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Atyplcal BSE
e different phenotype of BSE have been reported.

e At least two strain variants (H-type, and L-type)
of atypical BSE have been recognized in:

¢ UK, Italy, France, Sweden, Germany, Poland,
Denmark, Netherland, Belgium, Switzerland,
USA, Canada, Japan
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Atyplcal BSE
* initially identified by ELISA testing

* Follow up testing by western blot revealed
different profiles BSE

* Origin of Hand L types is unknown

mm) diglycosylated form
mmm) monoglycosylated

‘ unglycosylated
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transmission studies on Japanese L-
BSE to bovinized transgenic mice,
and cattle.

As with the classical BSE prions, L-
BSE prions accumulated in central
and peripheral nerve tissues but not
in lymphoid tissues.

the current definition of specified
risk materials is applicable to L-BSE
cattle.

(lwamaru Y. et al. 2010, Emerg Infect Dis 16(7):
1151-1154.)

®* & & o

Atypical BSE: mostly among aged cows Sporadic
BSE? Food borne contamination by a scrapie?

Ban on ruminant-derived feed to caw

BSE test for aged caw

Current BSE diagnostic procedure can detect atypical BSE

Need the risk analysis for the occurrence of atypical BSE Evaluate the risk

from newly emerging prions.
In order to prevent future outbreaks of atypical

BSE, control programs should not be withdrawn
without careful consideration!!
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12 May 2011 Last updated at 17:00 GMT

Campaigners demand 'mad cow
disease’' criminal inquiry

By Dominic Blake BBC News

Christine Lord's son Andrew Black, 24, died
of vCID in 2007
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Guidelines for
Targeted BSE Surveillance

July 2023 (Guidelines for Targeted BSE Surveillance) & 2t # 4% :
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Targeting animals for BSE
surveillance

(Article 11.4.20. Point 2
of the Terrestrial Code)

Prion protein /

The objective of BSE surveillance is to detect the disease in thebovine population.
Article 1,420 of the Terrestrial Code identifies those animals that should be re-
ported and fallowed up with i testing in withthe
Terrestrial Manual to accurately confirm or rule out the presence of BSE. They ame
classifiad into four distinctive groups:

a Bovines displaying ive clinical signs suggestive of BSE.

b. Baovi hawi i | ical signs at ante tem inspec-
tlunatslaughterhmsesurabaﬂulrs_

c. Bovines presanted as unable to rise or walk without assistance with an ap-
propriate supporting clinical history (ie. the presentation cannot be attrib-
uted to other causes of

d. Bovines found dead (fallen stock) with an appropriate supporting clinical
history (i.e.the presentation cannot be attributed to other common causes
of death).

These groups correspond to bovines that lie on the clinical spactrum of BSE, and
have ahigher probability of having BSE, if the disease was present in the country,
compared to the general bovine popul ation.

21

Bovines displaying progressive behavioural or neurological
clinical signs suggestive of BSE

(Article 11.4.20. 2a of the Terrestrial Code)

Baovines displaying ive clinical signs ive of BSE are those animals
isplaying progressi i or ogical signs ive of BSE that are
refractory to As part of the p and in place covering

all stages in the livestock production chain (Article 18.5.4 of the Ternestrial Code), an
official veterinarian requires a detailed anamnesis to confirm that the bovine fits the
criteria to be targeted for BSE surveillance, for example: an adult animal, the only
one affected in the berd with a changein iour or P ion and/
or postureflocomotion’.

Aworking knowledge of ‘normal’ bovine behaviour is required to know the range of
normal behaviour, in particular in the early stages, where clear neurological abnor-
malities (e.g.incoordination) may not yet be manifest. f unsure and the we fare of the
animalis not compromised (it is not recumbent or in obvious distress) it may be ad-
visable to re-schedule another visit after1-2 ignshawe pro-
gressed. This also enables the wierinafan to assess any effect of treatmeant or wait
forblood test results to rule out other diseases if appropriate. it is important to note
that BSE may be accompanied by other diseases (e.g. listeriosis and BSE or ketosis
and BSE), although this is rare. The lack of to ofany

disease and further disease progression may be indicative of BSE. The clinical sgns
should be documented, particularly if a re-visitis schaduled, uslng gither a dah:led
clinical examination form (see Appendix 3 for asimph

with tick bowes for signs associated with BSE or conditions with similar signs, which
is easier to analyse,to compare the frequency of signs with other conditions that may
be confused with BSE (see Appendix 4 for an example).

BSE % iBlz. P & % (Targeting animals for BSE
surveillance )
( (A dPFEd L) 5114200 %28L)
BSE ( = 7 4t “%):?' PR At LR WRlA

o 2 2 0 ) F 11420084 0 R AF T R AR g §
SR R E RPN (7 BNt o i o R 2% BSE
-‘?-J v

a. MLEFHEBHREMNR > 202 5BSE22 & o
b. & FH> A2k (ante-mortem inspection) B » d13R

C. RAEPFRIAFEA T EARETARBL LY
(TR RZFFHS ¥ LER R F])
J5€2 > fallen stock) * F E AP R TR

W BSEfRAE £ RFFIP 22 & o qpgean - 4
¥ PR T ABSE HR AT HRE o
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Appendix 3

Clinical examination forms with examples

Example

Animal No: 110110 654321
Clinician:
Date:

- If normal: tick (+)

Farm: Owner:

- ifabnormal circle () when listed) and describe in detail on following page if insufficient space in box
- iftest not performed: cross out ( X), and always indicate why if non-performance is due to the animal’s reaction

ANIMAL FREE
Posture (head, neck, limbs, back) Low head on occasions
Walking {amount / willingness) Stop and go
Turning -
nount [ willingness) Trot Mone Gallop: Nane
OVERALLGAIT
(Maf Yes, describe:
StifffLame< |(Na/ May be/ Yes, describe:
(Naf Yes, describe:
Meurological
Other on gait
Slipping / Falling(describe if yes) MafYes ... .__._.___ [fQives .
Obstacle (device: drain cover) Hesitant to step over drain; sniffs alot before crossing
Acceptance of crush(gaing in) Hesitant; needs to be pushed with force

ANIMALIN CRUSH

Eye position (strabismus?)

Eyelid position (ptos=?)

Third eyelids (position)

Mose (sym. & movementsto breath)

LR

Menace response

Exaggerated (head toss)

Ears (position and reaction to touch)

Blink {lateral & medial canthus)

Mose (reaction to touch)

Lips (sym. / mactiontotouch: smile)

Eye movements

b T T T T

Sweat beads on muzzle

-

Salivation [+, T, or )

Increased afterhead tests

Jaw position / Tongue tone

L4 +

Tkt 2 (3#06)

[ | f‘ai}ljl

4 %8 0 110110 654321

e

' 2EN

hREE

p i

A FEEp

e FEIA HIE (V)

. FEA O HBREE (O) (F3 2 0ER) » I3 36 mefmfy it (5
FEAEGFRT - T R)

. FAPEZRR T (X)) o ZWmp BT (WHAcFE b F E iz
E7)

B #4%pdc2#E2 (ANIMAL FREE)

X3 (FEIN S FEIR S~ w Bk~ AR ORER i ER

4 (R /L)  ERSESCERLY
ﬁ —
EENCIVZV N | i : & 7b
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HAPPY COW AD COW B -

llll%ﬂﬁﬂlllllllﬁﬁﬁllll @ | LR
A & Pk (fundus) AHE (ERER)

Mtk r & (ERETE) ESEREESEY

HEAD RESTRAINEDS HALTER 5’- Eiﬁ ‘&1‘ \/
Symmetry Left Right NP 0 BX 4
Optic nerve/ fundus Not exxamined (toobright) )-8 lfﬁﬁ.#%}; fr]’ (CT) BE CT c ( o ; o
Light reaction(direct & consansual) Mot examined (too bright) &J_ 'J IE' ‘_zé (NP) 0 ER 5}}
Corneal reflex - %‘)
Cutaneous trunci (CT) &neck prick (NF) | o1 MP: nervous (head toss), vocal E v 3E 4 /51 @ 3k 4 v v
Tail tone / anal tone - v
B &= (OVERALL ASSESSMENT
F
OVERALL ASSESSMENT
Mental status « Hyper, seams very alert, constantly moving ears 6:: ﬁ}ﬂ I‘;’& ,ﬁlg (Mental Status)
{normal), dull, depressed, hyper’, ete.
Bahaviour & reactivity free « Mervous, startles frequently, e.g. when bird flew over, when sniffing crush ST . .l 2 4
(normal), excited, play ful, fearful, (—'1 # @{gb ’@@' @EE ? <+ )
nervous, friendly, boisterous, - 2 M B r R ¥
dangemus, *hyper, active, quiet ate. O OERE ? ’ %%ﬁ [Ea ﬂfé.f‘.\éf,r.ﬁn
Behaviour in crush « Head toss when approached from front; generally restless 7 f_? _".% _',',_I? F % ( é d }1& @)
(normall, quiet, restless, agitated, # E FL = g . £
agitated 1st then settled down, never 2 N B N N EAN S A - A
settled down, frantic, etc. (z ? ’T >3~ BT e
Bahaviour HR: Marwous, head tossing HT: Marvous, head tossing 3@@7 N "Q }3:3" F
Head restraint (HR) & Head tests (HT) - < s, z . v s
Clipboard test ™ Bady flinch 5x ¢ ?T‘&E NP %"ﬁf (G4 BiE ~ 23T R T 2 pF)
Bang test (ET) / Hand Clap (HC) ET: Mo reaction . HC: Mo reaction :-E W‘U”f i};—r f‘? _".% (BehaViour in CrUSh)
Flashtest Mot tested (too bright)
Flexible stick test Forceful kicking (only tried 24 (EF ~FF 2% 5 s R F W%~ 228 T
Tremors Mo I@ describe: Fine haad tremor when undisturbed in crush s

GG AT G T FH IR %
130



T
Q 4|2 pliEF & (Head restraint & tests)
% ¥Rl (Bang test) /3 EF R

< ;p2% (Hand clap)

s R v - |
g$ E?‘”Krﬂ;g EI‘?,E . :P sk pli# (Flash test) A F (LREFER)
AN R 3 B R (Flexible P
stick test) L

1% P ipl3% (Clipboard test)EZ iR abRE

< {7 %R (Behavioural tests)

L 2weR ¥ (Neurological signs)
"L AIBSEA F TR R K s

BEY +ERF R (hyperesthes1a)
R

% Eoik (startle response 1)

' ) R iRk . % 7 48 % (restlessness)
T (Tremors) ; ‘
b s e ¥ Ceadiosing
:h’vl% 2% (Scratch . dEMCH Zom sk (tremor)
test)

131



g Prion protein / """"

Example 2

Animal Mo: TI010 654321

GENERAL EXAMINATION
Temperature: Z57°C

Heart rate: 56 bpm despite restlessness
Ruminal Contractions: +

Dehydrated? «

Additional/ extraneural findings: grazes on hindlegs

Cell nucleu

Drate:

Mucous membranes: «
Lymph nodes: «

Body condition: Good (3)

Behaviourin pen prior to exam: very alert, following every move; separated from others as becoming aggressive

towards other cows

Status: ( )BSE not suspected
() Maybe BSE
( JBSE suspect

TODO:
Action Date completed Result
Bloods taker: EDTA, Serum 0 July 2022
Urine taken:
Skin scraping (locationk:
Video of (describe): 0 July 2022 Bshaviour in pan
5till photograph of (describel
Other: Reschedule visit in 14 days to check for
clinical prograssion

W # %] 2 (Example 2)

w5 g ¢ 110110 654321
pape

B - 5% % (GENERALEXAMINATION)

C
e SRR F I56bD

,.\
F_*
N
AF
S
&=
-
-
LN
1=
—
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mMman cow

B #ye%8 (TO DO)
i 'ng'r%m!:'

=

-

ALY R (BERE F#EY)
?swummirwﬂ 2.7 BSE Mt B %
1’3{ ‘E"F’L—ﬂ# (gﬁgm.‘ff“”

/

F
. -gl-# & -Q%f’{? (I/{?'L‘F@

otk
I«LL
P

Fmend T3 82y ] BSERE B %
PR (R -BiLA

¥
Fiigmi (¥R +BERER)
~ 1 EEAY o ik

2022& 77 1p

BN = 5

14= 18w 22 3 B TRk i€
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Appendix 4 . K’«]—éy— 4
Example of a questionnaire on the clinical presentation of reported suspect BSE cases ; ) .
- 2. R 7, 2 g 5 7,
Clinical signs observed by veterinary officer. #;”1 BSE ')?5 V'J T&'}% %‘ Iﬁ" FF % ‘% V'J
(Please enter ' in appropriate box(es) if cbserved. if only reported by farmer and not observed by veterinary T‘ }% ‘}-\» ;P(\ 4= ﬁ_?ﬂ F’g
officer, enter ‘R \E' -I FE"
Disorders of behaviour and personality d gjx% EH"EA m‘ﬁ’?ﬂ\‘ ffﬁfl)‘
apprmemm Ear twitching Kidc'ngi‘nmﬂour_ . "F )3 E‘_}’” 7*I ’ 3—% \E 'f&‘; 7}'&3 fhadt J‘ r X N
Hypersensitivity Ear held at odd angles Reluctance to go into padouror through

Twm: docrum o %li‘;l ,é‘g]—_v‘ ‘—},fﬁ e #\ mtﬁk%ﬁ_}* ’ ’EL-fE' a rRJ

Sound ) —
Ty T — I (e — L Fie 8 ¥ (Disorders of behav1our and personality)
Panic striken Head shyness Head rubbing
Temperament change Licking of flark Teeth grinding
Abnormal head carriage Licking of nose Other

Locomotor/Meurological signs

g:?mm = e (Apprehension) A f# (ear twi tchlng) & R R

—— e R L LA B S R R
Dacrosse Noarm - T (Hypersen31t1v1 WOl e FnE (Eu P )

— o (Maniacal)  EREEE

nitial sgs: & F & (Panic Bf %% %5 (head shyness) ~ g%/ ié (head
| stricken) pressmg) ~ BE ¥R A2$= (head rubbing)

Clinical progression: ‘b}-'ﬁ_ Ee %

( Temperament s BIE ~ BT

change )

B ¥ EINER

(Abnormal head FHh AW

e)

Other comments:




00 09 00
)

o2 Bovines targeted for BSE surweillance + Legislation in place {notHfiable disease)
%oe ° are those : +  Case definftion(s)
31 Displaying progresshe behavioural $— Awareness and training programme
ar neuro logical clinical signs » Protocols and pro —
32 Displaying behavioural or
meurological skgns at ahattoir
33 Unableto rise or walkwithout
assistance with relevant clindcal
hitstory
34 Found dead with relevant clinical
hitstory
Notification by ivestock keeper / =  Communication systemallowing immediate not ification f }%
n E
abattolr 7 anta ent €— + Administrative technical and veter nary staff
harity = ldentification and traceability system
=  [Examination of suspect animal on
tarm ar at abat toir - 'Md‘;:‘_r““
. fallen [ o ke
e T e . dagnosis avellsbie: dinkcal history does
\L not suggest BSE
Disease suspicion confimed - cull
Clinical history cannot excludeBSE in
fallen stock
\L = Suftableinfrastructure to transport/store carcase or brain
with in 2% hours
Transport to regional laboratory, = Traceability system: reconciliation animal/sample
abattoir or carcase disposal site for
sampling
\L. * Suitablefacilities and trained staff to receive and process
samples and diagnose BSE (approved laboratory and tests)
= Pl (e) forB=E *  Risk assessment, relevant biosafaty’bl osecurnty
- -
Diiseas & not confirmed
Disease confirmed
[Possibly differential diagnosis
Epidemialogical investigation astablished

; Include in statistics, reporting, and : .
e . rting for BSE steug B

Event Fequirements Outcome

Figure 1. ¥ T?p é‘? BSEE /E'J /%\ FL ':’J/’J/;ILL %E_QEL E Eg] 135

Overview of the flow of the components of a credible surveillance system to detect BSE cases



TAETREE (2 Ad RH)

TR g2 B f 42

31 3 EFMF LM ER ¥ ks

3.2 L AEFH IR ER ¥ 2

B3 mEk AT 2 G M TR 2
3.4 F TR p = 2

Bovines targeted for BSE surveillance

are those :

3.1 Displaying progressive behavioural
or neurological clinical signs

3.2 Displaying behavioural or
neurological signs at abattoir

3.3 Unable torise or walk without
assistance with relevant clinical
history

3.4 Found dead with relevant clinical
history

N2

Notification by livestock keeper /
abattoir worker / veterinarian to relevant

authority

— OB - -~ R
S EiEE (1)
o2 AR (BSER > il 37 5 7 )
PR b T
oI VIR AR AR

* Legislation in place (notifiable disease)
* Case definition(s)

* Awareness and training programme

* Protocols and procedures

* Communication system allowing immediate notification
Administrative, technical and veterinary staff
Identification and traceability system

-

-

L AR ARBREH

b2 rAFeI KL o T P A AR 48
HEEE CAIFRIARFELRLL FHN L X T BRF B
REFRIRaEH - FPFEEFAE N2 A s R I W)
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Prion protein 7

Vv

* Examination of suspect animal on
farm or at abattoir

* Investigation fallen stock

2

Disease suspicion confirmed - cull
Clinical history cannot exclude BSE in
fallen stock

Transport to regional laboratory,
abattoir or carcase disposal site for

sampling
\?

Testing of samples(s) for BSE

.

1
R R T RN R PR NN N Y PPN E Y T Py |
.

A 4

Disease confirmed
Epidemiological investigation

N
Il K \\

Cell nucleu

\-

Q 3. vﬁ$%ﬁﬁ$ﬁ%
-—5 &P “ﬁz BSE » Fg2s s #& 025 b
diagnosis available; clinical history does lﬁ’ﬂt*&

Disease ruled out on
clinical grounds; differential

-s,.z_/;usﬁw“ U A 24 B i

not suggest BSE
ERFHRE S LS

'%Qi@*ﬁ" :
NS s VAL S s g
-%#ﬁ%imﬁrfm

Suitable infrastructure to transport/store carcase or brain
within 24 hours
Traceability system: reconciliation animal/sample

Suitable facilities and trained staff to receive and process
samples and diagnose BSE (approved laboratory and tests)
Risk assessment, relevant biosafety/biosecurity

v <4, ?553"’@/?'1

'4"71’** SV RS EERPIEEFRADR

Disease not confirmed R Ed PR .?: BRI E R
Possibly differential diagnosis 2 .“Ln% = .
established B i g;xl‘gﬁvﬁ -% A ﬁ B
ERAFLE AR GER
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man cnw
Disease not confirmed
Possibly differential diagnosis
established

Disease confirmed
Epidemiological investigation

: Include in statistics, reporting, and
L pp supporting evidence for BSE status.

-------------------------------------------------------------

Event Requirements Outcome

Figure 1.
Overview of the flow of the components of a credible surveillance system to detect BSE cases

5. BFHBH I (RIF=Z BES FA)
S FERL 5 BSE 3 &
s | e | 2
1. = ‘—”'marrﬁu?'?-‘lﬁﬁg?%ﬁ f_ ; s - {4
2. % A FERL 5 BSE : X d e B A2 o (% @
I P hsde LERDE (d g R e NS
RS D AL%E%;Q (Outcome )
3.%3 B4 :
1. :}grs),@:@p » B3t s i 4R 2 3k i ] 7BSE
;}J\:F\‘EIJ—\?-E'—F] A
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WOAH BSE #3272 F xR & (5% vs 2023 #75%% vs S #FIRIR)

S kg D WOAH ped d 4 fmd 28 511.4% (2023% ) [ BSEP &4+ % ipl45 51 (2023.07) | WOAH Q&A (2023.04)

ZEEAE “ﬁw@ Bk o (2019% 113 ) 3R E F (2023%) LR LR
A WX ES FRUE EIF=E i WOAHFz 2% © 2023 & %0 ¢ <@ F > b mff‘ " ¥ £ 4IBSE
T e R aATRET 2 %[&]J Bk AR
A AAF ) RAFREILC B F RAT )3 e is E R | AFFERFENE
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ok k ik - WOAH Terrestrial Code Ch.11.4 (2023) | BSE Targeted Surveillance Guidelines (2023.07) | WOAH Q&A (2023.04) | @4 p & :2026-04-08
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DS f}'ﬁalu\ BE P T LR | s AR #3E PRE A s e ERR R ¥ % b A ik P P24 7 A [ e w4 2h 5 KR
e kg (2 s Sk o
e (BSE) V Eny Eoy Fod Eny V V V V V 1
: g
B | (Rabies) v v F: v F F: v & 2 v 1
Bk:}%
i = % | (Abscesses) V V V V V V V V V E 1
EpIRet i3
@ [(Head trauma) V V V V V V V V i F 1
A E Bl L
Boa A T
(Thiamine
responsive
¥ AR B CCN) v V V \ # v v i Y & 1
4% & (Lead
¢ 3 poisoning) V V V V S V V F V Fo 1
2 % 7 i
CRIE B3
7% L % |(Bovine ceroid
R lipofuscinosis) V Vv Vv o o o Vv o Vv o 1
rEEERE
18 IE
7% 21 & % | (Generalised
A glycogenosis) V Vv V F o F V F V F 1
4% m JE
(Hypomagnese
R e mia) V Vv o Fo o V V Fo V Fo 1
FATE R
B4 (Listeriosis) V o o1 V V T V A o1 A 1
o B A
SE
72%¥ L X |(Mannosidosis
R ) V o o Ery g Ey o Ery o Ery 1
P ALAR
#2ZE8? L % | (Convergent
) strabismus) F o Fo V Fo E Fo & @ F 1
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Guidelines for Targeted BSE Surveillance
Bitdk 2 : BIIE4AE (BSE) & B2 ENtHEARY B EE 2 R TR
BZE BRI D E

Rk ¢ 72 TR R (B ) ek JEAR R (P <)

i g Seizures, Opisthotonos, Coma, muscle spasm, tetany, TR T~ &5 53k~ [~ R R
tremor FoRIMEERW

RPN X i Cranial nerve disorders (including strabismus and Mkl ok ok (¢ 7 ARE SR TFIEL)
dysphagia), Head tilt, circling, nystagmus and other signs ERIRIEAL S B RIXREFEE H B e
of vestibular dysfunction, Visual abnormalities il S ARE R Y

BT LR T RRE Disorders of consciousness, altered states of behaviour LR (TEE MR R

and personality, episodic diseases, licking, self-mutilation, | f%7 5 p’?ﬁ‘% C B BB
ltching

@ﬁh-t"f p}%;4 Hb P-ﬁ-?—’;’{

Incoordination, Tetraparesis, paraparesis, ataxia, ’(é’e?‘;’% 7R~ o RRERE T ORIERE - & A
weakness of the limbs, cerebellar diseases L2 s a A o) Fmﬁ-}??
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BSE

B (2R 5K %GR)

% = 4 (Congenital)

Bovine ceroid lipofuscinosis

A SR T T A R

Generalised glycogenosis > E PR R
Mannosidosis H BAEH IR
Convergent strabismus P ALAR

Congenital Exophthalmus

h X MRk R D

Spastic syndrome of adult bovines

S EL PR

Familial epilepsy FIE R
Cerebellar abiotrophy JorgE A 4 /iR
Familial Progressive ataxia of Charolais bovines PR A REMEFEEARLD

Bovine progressive degenerative myeloencephalopathy ( weaver’ )

LTl AR C#F )

Kyphosis of Jersey bovines

R o s R
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Multifocal symmetrical encephalopathy
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Ao 4

(B w4 i)
47 32 1+ (Physical)

¥ % 1+ (Nutritional)

RSE A (255 WKAEE)

Head trauma EEIRE G

Post-calving paralysis A (¢ Bk

Spinal cord and vertebral trauma FRE YA S

Thiamine responsive cerebrocortical necrosis B2 EBLF Bl QA

W 7

Vitamin A deficiency a4 FARIL R
Nutritional myodegeneration (white muscle disease) ¥ A MeR 0 (9 ﬂ’bspfa)
Sodium deficiency ah Ak 2 E

Hypomagnesemia A 0 4%
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M >
A B ) Fonp g $ v
(& Fdp %) BSE A (5 k)
X 24 (Metabolic) Ketosis Ak f& o
Hepatic encephalopathy H%bl_ﬂgg:;};;
Hypocalcaemia M 4 E
Metabolic encephalopathies B
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& 4 4 (Infectious) Bacterial meningitis and meningoventriculitis m ﬁ'b‘_ﬂgﬂg‘t:{ﬁ TR N

Louping ill B B B
Thromboembolic meningoencephalitis (TEM) PO N o A E RN

Listeriosis 3 8 ER

Rabies PEES ;}}35

Pseudorabies %ok ,}35

Verminous encephalitis F4 hdRa X

Myelitis PR N

Mycotic encephalitis

ﬁ
5
=
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F 45

Fops

)

ki sk H2 o A
(5 4p ) BSE AR (2558 %R)

& %4 1+ (Infectious)

Babesia encephalitis

= P A X

Otitis media-interna

N

Sarcocystitis

kIS B

Clostridial polymyositis

Hok 5T 4 ] 5

Theileriosis

3P LE

Bovine trypanosomiasis

Bovine parasitic otitis

Actinobacillosis, actinomycosis
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cow "an anues

P A %)
(B fita 1) BSE LA (255K R)
% 1 (Idiopathic) Nervous coccidiosis A M TR ﬁrfﬁa

Thoracolumbar spondylosis deformans and osteoarthrosis 59 WAL A A ’]‘9.13}?3-55 gl NG
Z7 Bk fill“isﬁfa %% (Space occupying Abscesses Ik :f,[%r
lesions)

Neoplasia B e

Granuloma By

Cysts involving the central nervous system VAR Y R R gk )
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P o 5 )
(A fda ) BSE LA (25 R p)
7 3 |+ (Toxic) Lead poisoning Y &
Metaldehyde toxicity Fopr 3
Cyanide poisoning Firde %
Salt and water intoxication [ R
Organophosphates 7Y 3
Ivermectin toxicosis EFHRFEY &
Methyl bromide intoxication L S

Ethylene glycol toxicosis - fig¢ F
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P P 58 5

A Fidn )

® & 4 (Toxic)

Chlorinated hydrocarbons

A (25 R 5ER)

Urea-ammonia

Strabismus

Thiamine responsive cerebrocortical necrosis

w4 ABLF B THA T (1
Rv A7 )

Organomercury toxicity

4 A

Polyether antibiotics: monesin and lasalocid intoxication

R R R ) XY

>4 =
/)év EJ’L v -+
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P A

DT

~ s

Iy

(5 fda )

¢

& % (Toxic)

Sorghum toxicity

Plant associated tremor syndromes

164 40 BB 1% 3

Miscellaneous toxic plants (e.g. locoweed)

5 F 55 en¥)

Plant i1nduced mannosidosis

f 4 5142 e B EE AR

Nitrofurazone toxicosis

rkem g HRP &

Tick paralysis

BE i T

Kochia scoparia poisoning (Mexican fireweed)
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Recognition of the Bovine Spongiform Encephalopathy Risk Status of Members
(Adopted by the World Assembly of Delegates on 29 May 2025 in view of an entry into force on 30 May 2025)

The Director General publish the following List of Members recognised as having a
controlled BSE risk in accordance with Chapter 11.4. of the Terrestrial Code:

eChinese Taipei : ¥ # 5 #
eEcuador : = A %

(333

eGreece @ # "A
eRussia @ & B 21

The Director General publish the following List of Members recognised as having a negligible BSE
risk in accordance with Chapter 11.4. of the Terrestrial Code:

Argentina Denmark Latwvia Poland
Australia Estonia Liechitenstein Portugal?
Austria Finland? Lithuania Romania
Belgium France Luxembourg Serbia®
Bolivia Germany Malta Singapore
Brazil Hungary Mexico Slovakia

Bulgaria lceland MNamibia Slowvenia

Canada India MNew Zealand Spain?
Chile Ireland Nicaragua Sweden
Colombia Israel MNonway Switzerland
Costa Rica Italy FPanama The Netherdands
gr:;art:i iapan . 2:;ﬁ9'—'a‘1‘ United States of America
oresa 2a. O
Gzec:h Republic (Rep- of) Unsguay 160
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Table 1.

corns: o L2 A I

1= BSEE B chdp 14 b

Examples of indicators for planning and evaluating BSE surveillance.

Risk group

Examples of reference indicators

Bovines displaying progressive
behavioural or neurological clinical
signs suggestive of BSE

List of diseases or conditions causing neurological signs in adult bovines
that are present in the country

Expected prevalence of these diseases (if data available)

Percentage of notifications of bovines with neurological signs compatible
with BSE in recent years

Number of adult bovines notified as BSE suspects

Bovines showing behavioural

or neurological signs at ante-mortem
inspection at slaughterhouses

or abattoirs

Most frequent causes of rejection at ante-mortem inspection at abattoirs or
slaughterhouses

Percentage of adult bovines that did not pass the ante-mortem inspection
at abattoirs or slaughterhouses

Bovines presented as unable to rise
or walk without assistance

List of diseases or conditions causing recumbency in adult bovines (over
four years old) in the country

Percentage of adults unable to rise or walk without assistance, found on
farm, relative to the adult bovine stock (over four years old) (if available,
including suspect diagnosis)

Bovines found dead (fallen stock)
with an appropriate supporting
clinical history

Percentage of adult bovines found dead in the field/on farm relative to adult

bovine population

Percentage of adult bovines found dead in transport relative to transported

adult bovine population.

Percentage of adult animals found dead at animal markets or abattoirs

relative to the adult bovine population present at animal markets 161
or abattoirs
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— Metabolic Nutritional Physical Familial and Congenital
=
AR EHBRARHAREE:
S HMHPRRIHE R HEHH A
o = - 513 (@ = 3|3 a
3|8 §§§3&§w3w3;§~masig g |8
45 U HE R G
B B &
HELEAE gi 2183 33”%“ 2 5| |3
g § g3 2 2 g
B (B 2l | (8" |B|2|2& & (5] |3
= 2 a8 g d g |5 g c §
a‘ ¥ 2 =3 2 ﬁ Z|a - o 3
)| de g |38|E g
z g |8 g 35 o o
5 g g H 8 g
B B g
g 2 &
LA » > » | = | »= | > | Disorders of behaviour and personality
> | = - | = > = > | = | | Seizures
» » | » | = Visual dysfunction
Cranial nerve disorders (including
. = e strabismus and dysphagia)
e Headtilt, circling, nystagmus and other
signs of vestibular abnormalities
> b b > > | Opisthotonos, tetany, tremor, muscle spasm
HKx|x|= = > > | = | = | Coma and altered states of consciousness
Incoordination of the head and the limbs:
= = = cerebellar diseases
Tetraparesis, paraparesis, ataxia of the
= = = i kel e ol kol INal ke ol Hat e limbs, and episodic weakness
= = < | ltching, licking, self-mutilation
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occupying lesions) :E}J%'ﬂ o

PXBH

Cysts involving the PoARA Sk LR A
central nervous system

i

Abscesses U2

Nervous coccidiosis A EMIR S :pfg
Botulism - S 4
Listeriosis AT FR %
Rabies PEIR )};3

Tetanus  EXRA

Thromboembolic meningo-  [EAEESES-WERFHImIING
encephalitis
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b = = - A EAE S A - | e | e | w0 || | Disordersof behaviowr and person ality
b s b b b E s k. | = | Selmres
ks b e b ks o | = ks ks = | Wi sual d ya s ten
b k. b k. k. ks k. k. k. EA S ks ?:Hmmxxﬂﬁ;hm
b kL b k. EAEAE A | kL :Ii;': :mm"::mﬁ other
b2 = = = b2 = = | Oypls thot onos, et any tremaorn, muscle spasm
= s b = A EAE A A b | w0 || om0 [ | = | Coma and altered states of consciousness
» e »e e » e | 5 e :m:m:uhm and the limis:
b k. b k. k. | EAE AR k. k. k. EA m;?;ﬂm“:h of the
| Tt ineg, licking, self-mutilation
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b4 Eo A -4 2 IS L I~ 4 - » | Disorders of behaviour and personality
o= > | = X | ¥ | ¥ | = || Seizures
B4 > | = > s > | Visual dysfunction
Cranial nerve disorders (including
. il = strabismus and dysphagia)
5 Headtilt, circling, nystagmus and other
signs of vestibular abnormalities
> 4 > > | x| > | = [ | Opisthotonos, tetany, tremor, muscle spasm
= b - ool O O I == > | Coma and altered states of consciousness
¢ ¢ Incoordination of the head and the limbs:
cerebellar diseases
Tetraparesis, paraparesis, ataxia of the
* > ol el ke i lal lall ke * | nmbs, and episodic weakness
x| > ltching, licking, self-mutilation

i



y Y PR

BSESEwI 22 %77 4 st & SEEH RGP

e 2 ¥ (Disorders of behaviour and

personality)
A 8 4
X 1

/

g\x'(

ﬁaﬂ}l}i%‘t% ’ /VIJ'QL”%%E' }I‘&#" ~ IEC‘? ~ K »#- g%’,r__k y A

ERIEE S E 0 TR

BERF 7 (Seizures)
IR TN S ALY Y R
Prad o

Jan

$07 4

oo

A 74 5t st (Visual dysfunction)
2 8F i MIRARLS B R E R s R RES S mT
FosFR R o

REA 57 i ag (Ae# 4R ~ ;3% 1) (Cranial nerve
dysfunction (including strabismus and exophthalmos))
F Ihod 0ok Bk ~ AR S RRIRR A s A FEEA R &

Jﬂ-/zf o o

FRRNEAL  BEEFA - H R ¥ (Head tilt, circling,
abnormal gait)

Iy T VN T
Fe-gs A A e A H g o

At lde 2 > B

nd o S T TSN

o
Yy )
£

£3 FE ok 2 CHH AT

(Opisthotonus, tetany, tremor, muscle

spasm)

‘?%ﬁﬁhWP\i”&H‘ﬁw}ﬁﬁ# g Ak
P o

ket Lk % (Coma and altered

states of consciousness)
i?ﬁ%ﬂﬁvz F AN~ PR~

B FBE LR

B

EE¥% e w BB/ Bk (Paresis/paralysis of
the head and/or limbs)
M > v w4 s mE AR TR

oA ARG A BR ORI -

R¥ - FxeE ki (Tremor, episodic
states of excitement)

AP RFIZFEE CEREE TG
CIRENEIE R e) B 35T T

T E

# % ~ %~ p A& (Itching, licking, self-

mutilation)
4%?T&”W‘&% gt F L
PR X A 17
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BSEZES| 7 977 fod! S A 53 R

Disorders of behaviour and personality
. Seizures
%fﬁ hp’p%’t G A Bl S Visual dysfunction

‘H%F%ﬂﬁ~@ﬁmﬁ# R ]

Cranial nerve dysfunction (including
strabismus and exophthalmos)

Head tilt, circling, abnormal gait
Opisthotonus, tetany, tremor, muscle
spasm

Coma and altered states of consciousness
Paresis/paralysis of the head and/or limbs
Tremor, episodic states of excitement
ltching, licking, self-mutilation
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Prion% ;= it & ;-1

—_ N 3‘“1’— ;};,;El-_]_;;:! ng‘Z, 5

. dk 1 NNaOH %% &2 1 ~B$,76{;$§jﬁémz§_%” 2 — o

. F L EE A -:f,%'ﬁ-’riiﬁ\ (z¥ * % 20,000 ppm 12 F ) ~iE- mfik 3 47 (potassium
L

peroxymonosulfate) Fooiwm *7& @tﬁ{rﬁ@\%@_ 2x %\FCJDL;SE?CWD prions 24F % & it sk o
. BEBERIGFEZIBZREZFAFANVIMEETE R E  Hpriong REFRFEFE (540 134°C 2t £ &

F"*) 1 "%%H/ﬂ»/@‘i £ o
¥ mae (L P priongtid 2 B )
Prions B % 88 3o (PrPASc) » &
Rl I N i [ A
SRS IS 121°CR BF B > Rk
7 ¥k (strain) 4+ £ £ 4& ~ : BSE prion™ * H & prion$ :£10°% & it

REBF R (RS F R

2024 PLOS One rSodlum hypochlorlte mactlvatlon of human CJD prlonsJ D A #psCJD k
Jprion F b A Ok R B RIEEF R Rk o BFRREER TREFLED F Lk o

. 2024 mSphere : " Rapid and sensitive determination of residual prion mfectivityJ - L
NaOH ~ =t & pa4p ~ pal12SDS ~ = # fi& ~ =5 "W & (4-Environ LpH ~ Wexide-128) ¥ +#
e % feprionstraing = X2 8+ > 2] SHEHITIFTHR o "
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Prion% & i & ;£-2

(1) 58 R%FE
1) Taylor DM, 1994 ( (5 & BSE% E*F % )
*Decontamination studies with the agents of bovine spongiform encephalopathy
e g
& pe4h (220,000 ppm) > F 2 2 HRE F
* NaOH (1-2M) - 7 »xit A = 2
© 134-138°CERFF > VR A FE L

2] Giles et al., 2008 ( prionFud v iz )
*Resistance of BSE prions to inactivation
o IR -
 BSE priontt
e | Blprion = % 10007 vt
« £ Eprion > B 10°& Fuft
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Prion% =it & £-3
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Manual of Diagnostic Tests and Vaccines for Terrestrial Animals (BSE)

Recommendations for safety precautions for handling BSE-
infected material now assume that BSE is a zoonosis and a
containment category 3 (with derogation) has been ascribed.

Recommended physical inactivation is by porous load
autoclaving at 134 C-138°C for 18 minutes at 30 Ib/in2.

Disinfection is carried out using sodium hypochlorite
containing 2% available chlorine, or 2 N sodium hydroxide,
applied for more than 1 hour at 20°C for surfaces, or
overnight for equipment .

Manual of Diagnostic Tests and Vaccines
for Terrestrial Animals 2008 Part 2
OIE Listed Diseases and Other Diseases of Importance to International Trade
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FIXATION, TISSUE PROCESSING, HISTOLOGY AND
IMMUNOHISTOCHEMISTRY STAINING PROCEDURES
FOR THE DIAGNOSIS OF BSE AND SCRAPIE

» Fixation

» Formic acid Decontamination
» Tissue processing

» Histological staining

» PrP immunostaining

181



i o e

e o /‘ -, ,)A\ S
) /' Cell nucleu T Il \
P rion protein [

~rNw AN DWW

Prion% =i & /£-5

EES T F PN R NE

. 2025.— % F&g 2> ﬁ/ wéi.pm ‘e %\4 b'%? pnonfg t” ngﬁgﬁﬁﬂ ;t“: ;Jl»ﬁ t” Euf—} prlon] e 1 # % Q'F, [ "é
fe~ig s RFRERAF ) > RREHERVLBELRALAI FPEEE I 23 i mRT
AL R AR A P A A BB X 22 B TR -
7 k(SRR L e e prionsh E i A
E} T f% # ’]:%—Z%—i /'6 > /i' E\/ﬁ—«”‘ /’?\' ‘J‘épl’ion ’ l——ﬂl}b fi.T,/% > ?/’\ ﬁ”’ffﬂ!’ﬂ ;g I% ’ ;{'f\i prion,{ﬂ ;i: R ﬁ W T\E"\;"é—_ Y i Ké} °
O PRJLE AR R G oxd 3 A tdprion o I WA % 2B U BE R o BRm o P ERRIL Rt
€1 pge ‘p éa X

WA EOREA AR S e AL g BARD G B AR sti'meJ\ B o e %1““' S I
/* I R G RSP R F R AP L # C AR R AT A e —kﬂfr5XFAD%‘""'J (B AT EmP i

R
Zee (AD) e #j) o gt o ﬂx,{ﬂixﬁ E* - ﬁ%’ﬁ LR e I =Y e 1?3 (CWD » - ﬁﬁi‘ffﬁ*}r’iﬂjprion
dlsease) R 0 1 A7 P ﬁ&ﬁ'fl”ﬁ ;;';]J—?%H (148 ‘%lqm (5o BT L R B e A T TR Eenle BAE {7 T 7
3P L ok e IR EFT TE /n\’}fr‘fr"if-:’ » TUFE T_L -‘_E'_F’& . —kmﬁ’)}i NI e 1‘%{_%
B o NPy R AP s gAY ﬁ’rxvt m e AR AR HA T ;a P Eprion v T gfii*& ~Efd’°‘“ il ‘fa‘«m’?/ﬁi o gtk @
ﬁﬁ;ﬁﬂ%f@’é‘%ﬂﬁmﬂPaﬁ:i*/n\x'rr%*ﬂo #2? Bl e it m ko BELE A & F\«v‘zé SRR AL C
Beoang Al T #\4‘313 f&ﬁmx@m“/ﬂh% oo in it “Lﬁcf;gp’% P IF 7 H L opr 10n/f\ 3 E e B M R R AR
prionf % e Eﬁ—@z Elll SEERN o= P i = gk 0 e B 182



S Adopbed: 23 April 2025

DO 102203 .af2.2025.9435

SCIENTIFIC OPINION

& JOURNAL

Effect of incineration, co-incineration and combustion on TSE
hazards in category 1 animal by-products

EFSA Panel on Biologlcal Hazards (BIOHAZ) | Ana Allende | Avelino Alvarez-Orddhez |
Valeria Bortolala | Sara Bover-Cld | Alessandra De Cesare | Wietske Dohmen |

Laurent Guilller | Lieve Marla Herman | Liesbeth Jacxsens | Lapo Mughini-Gras |
Maarten Nauta | Jakob Ottoson | Lulsa Pelxe | Fernando Perez-Rodriguez |
Panaglotis Skandamis | Elisabetta Suffredinl | Olivier Andreolettl | Vincent Béringue |
John Griffin | Marlon Simmons | Kamela Kryemadhl | Barbara Lanfranchi |

Angel Ortiz-Pelaez | Romolo Nonno

Correspandancs: bichawssfsa.curapa.au

Tha dadaratians of intarest of all sciantific
axperts active in EFSA's work are availible at
https:fopan.afss curopa suloparts

Abstract

The European Commission requested EFSA to assess the effect of incineration, co-
incineration and combustion of Category 1 animal by-products (ABP) on the BSE/
TSE hazards in ash resulting from these treatments. The presence of residual TSE
hazands is assessed by detection of prion infectivity or seeding activity. TSE agents
or prions are challenging to inactivate completely using heat-based methods.
Different TSE strains exhibit varying degrees of thermoresistance. Based on avail-
able studies at temperatures 120-134°C, the C-BSE strain is more thermoresistant
than other evaluated strains. The vast majornity of Category 1 ABP is rendered into
‘meat and bone meal' prior to incineration/co-incineration/combustion. Scenarios
involving co-incineration for cement production do not need to be considerad
because all ash is incorporated into the cement. It is not possible to generalise
the time/tem perature combinations to which Category 1 AEP are subjected across
all processes. Due to the challenges in precisely measuring the temperature and
residenca time in industrial systems, and the wide range of system designs and op-
erating conditions, it can only be assumed that Category 1 ABP are exposed to at
least the legal requirements as determined by the conditions of the gas produced
or injected into the process: 850°C for 2 s or 1100°C for 0.2 s. The limited sensitivity
of the method used in a study involving C-BSE at 1000°C for 20 min prevented a
conclusive exclusion of residual C-BSE prions.. Therefore, it is not possible to ex-
clude — with high certainty (> %9%j) - the presence of residual BSE/TSE hazards in
ash produced from the incineration, co-incineration or combustion of Category 1
ABP It is recommended to generate data on the actual reduction of infectivity in
‘meat and bone meal” spiked with thermoresistant TSE field strains after treatment
with the time/temperature combinations required by the legislation or spedific in-
dustry processes.

KEYWORDS
ABP, animal by-products, ash, combustion, Indneration, priens, TSE
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Eliminating transmissibility of bovine spongiform
encephalopathy by dry-heat treatment

Yuichi Matsuura', Yukiko Ishikawa't, Yuichi Murayama'f, Takashi Yokoyama', Robert A, Somerville?, Tetsuyuki Kitamate
and Shirou Mohri*

Abstrael

Howine spangiform en prians, but the effect

phalogathy (BSE] prion s more resistant to beal inactivation compared o

val inactivation has been reported to difler depending on the BSE-contamanatied basue stale or heating {ype, We aimed o
evaluate the secure lewel of inactivation of original BSE transmissibility by dry-heating. Cattle tissues affected with BSE wara
subjected to dry-heat treatment for 20min at various temperatures ranging from 150 to 1000°C. To assess the inactivation
effect. we conducted protein misfalding cyclic ampdification (PMCA) and fallicular dendritic cell (FOC) assays in transgenic mice
gxpressing bovine prion protein penas. Under dry-heating 2t 500°C or higher, BSE cattle tissues lost their transmissibility in

transgenic mice, In contrasl, iransmassibelity was detected in the cattle tissees treated al termperatures of 40070 or lower
through the FOC assay combined with PMOA, In this Study, we canfirmed thal transmissibilily was eliminated in B5E-allected
callle lssues by dry-heating al 00 0 or ligher

INTRODUCTION Inactivation of TSE prions varics depending on the tissue

Transmissible spongiform encephalopathy (TSE) includes
bovine spongiform encephalopathy (BSE), Creutzieldt-Jakob
disease (C]D) In humans, scrapie in sheep and goats, and
chronic wasting discase in deer and clle These transmitted
diseases are fatal and bead to major issues in animal and human
health. Transmissibility of TSE is associated with prion that is
mainly constituted of abnormal pelon proteln (PeP*) converted
from host-encoded normal pl'i-:m |lr|:r1ei|:| {PrPS) in TSE
affected animals [1, 2]. The distribution of PrP® is not limited
to neural tissues [3-6]. Moreover, prions are highly resistant
i conventional physical and chemical procedures that inacti-
vate or eliminate microbes [7]. Persistent BSE transmissihility
during rendering of cattle tissues is likely the major contriba-
tory cause of epizootic discases [8] and creates problems such
asenvironmental centamination in sewage |9, 10], landhlls [11]
and sodl [12, 13 ], Previous studies in hamsters using the scraple
263K strain have recommended dry-heating or incineration at
1M C for disinfecting medical and veterinary wastes [14].

states; e,z homopenate or macerate, type of heating; e.g. wet
or dry, autoclve mechanism; eg. gravily displacement or
psionnis-losad, and species of TSE [15-19]. BSE prion causing
variant CJIY in humans is more resistant to wet-heat inactiva-
tion than the other CJDs and scrapie prions |7, 20-23]. The
transmissibility of BSE persists even afier awtockve treatment
al 133°C for 200min [20], 134°C for up to 2h |22, 23] or 150%C
for 20min |24]. Heatlng in yellow grease at 130°C for 1h
does not inactivate the BSE prion |25]. Additionally, tissue
drying enhances the heat resistance of BSE prion over tissues
comtaining high maoisture levels [24],

This study was conducted to assess BSE inactivatlon by
subjecting affected cattle tissues to dry-heat treatment. After
treatment, inactivation of BSE prion was measured in two
assays. Protein misfolding cyclic amplification (PMCA) was
performed to monitor PeP* seeding activity resulting in the
conversion of normal Pri to proteinase K (PK) resistant form
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