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Epidemiology of bovine spongiform
encephalopathy in cattle in Hokkaido, Japan,
between September 2001 and December 2006

M. KADOHIRA, M. A. STEVENSON, T. KANAYAMA, R. S. MORRIS
Veterinary Record 163:709-713, 2008
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Prions in the peripheral nerves of bovine
spongiform encephalopathy-affected cattle

Kentaro I\/Iasujin,1 Danny Matthews,? Gerald A. H. Wells,?> Shirou Mohri'
and Takashi Yokoyama'

'Prion Disease Research Center, National Institute of Animal Health, 3-1-5 Kannondai, Tsukuba,
Ibaraki 305-0856, Japan

QVeterinaJy Laboratories Agency (VLA), Woodham Lane, New Haw, Addlestone, Surrey KT15 3NB,

UK
Journal of General Virology (2007), 88, 1850-1858
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10




BSEXRBRRBREF OERMMEN (EEREDOEEMH)BZE NAH

BSERR A4 DMK Y., BRKERMOBEF T, BSEETUF U OBEEI
EEEERGL (SRM) ISR/ L TUWWEWLWI EABALMME Lo 1=, BSERERRRS
OEBERANT, RHEME, BIBICRHEShEBSET A U OHBREHZHL

ML=,
100g¥% 5 8% 1gt 58
27 30 32 35 45 (R) 27 30 32 35 45 (R)
ERER AR I ERER ——
- 2588 ] - 250 ——
prpsc | PR I | | | EEEE ——
FKMHE I FEHE I
L I L | BiEhy
(%5

BSERZ4 DIERDT) A2 FIXSRMSF O F IS B ORI ICHETE

LA, SRMELS O #B#RIZ$5 (1 BBSEFUA L DERE S R MR R I 811 ZPrPSoi kil & RN Eh LIEE
(EWBEA (. DIFHER IS FERMEICERBLES#ERNEN )
KA REODTHRERE. NEBREETIALOBBRBELTLIYEETHIEELS

Masujin et al., (2007) Prions in the peripheral nerves of bovine spongiform
encephalopathy-affected cattle. J. Gen. Virol. 88: 1850-1858.
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Detection of Disease-Associated Prion Protein in the Posterior
Portion of the Small Intestine Involving the Continuous Peyer’s
Patch in Cattle Orally Infected with Bovine Spongiform
Encephalopathy Agent.

Okada, H., lIwamaru, Y., Imamura, M., Masujin, K., Matsuura, Y., Murayama, Y., Mohri, S. and
Yokoyama, T. (2011),
Transboundary and Emerging Diseases, 58: 333—343. doi: 10.1111/j.1865-1682.2011.01208.x

4FEDF 4%, FiBHIRINAE (BSE) RAME THAHEMNERIN TL DB REDS R —R5gl2REL
1=, ¥EFE£ 200 B (MPI) DIEEBRTE1TO1=8 . 2~58EZF6h A F= (X120 A DREIR TEREFZ L=,
BSERRMEZRORSEINENSERBLIAZERE, VIR T OyNEERERBEFDHTIC
FYUREL:, REEHSIN-EBREETUA L2/ 9E (PrPse) (X, B2 EZRBBEES T/
BEREMSIEREIN-ERLIZ A TILIRPDEROILK—EMroRHEINT=A, $EiE%20H 8. 364
R.B&V46H A QOHEIEEESYDTEY DERZR O FESD/ A1 TILIRMS [FR B ESh AN o1,
PrRSefatEfifald. —ERBEHMIZBEICLDARATIOT7—DE—HTz, Flz. PrPSld, H#%i&
#%34h AR R T14BEh 7B D H AR ##E R (CNS) IZETR SN ZDSED5EIFERRKIZZREIL | &
%344hR.4641R.58HR. BLU66H A BIZEFHRSNT -, 1ETE%36H A BL48h A BIZEFRSINT-288
DRIEGKREMICIX. RAEHBREAESR. EHAMO=XEHZ. BLU/ FEEHOE13WEH
O HENMAIZ, REDEAD DR/ DR AT RER REIZHPPSEFENRONTz, BREFDFHER.
DIRAVTAYNELRBERBEER DT T, EE®RI0HAETIL., EFEAESESHCNSHI(Z(E
PrPSeldRHH SN g ot=, SO DRERMER L. BSEDKEREEMR T H-HICEETHS,

12




BORZEDILDIMNBICEFRRETIAERAEDILE
575 L%

E E'&B - +Zi5B
0 EE®BEY 50 100 150 200 250 300 350 400cm
I | I | I | I I I
i (A) |
20 o () o L o o o (o]
I 4/79* 0/84 0/71 5/85 0/94 0/46
L
20 (0] (o) () (] () o o o
I 0/231 0/79 1/208 0/356 0/292 0/170 0/111
L
20 (o) () () () o o o o (o]
I 0131  1/176 1/161 0/203 0/91 0/65
1
30 (o) (o] o (o) (o) o (o] (o)
I 3/420 0/426 0/243 0/193 0/112
L
46 o (o) (@) (o) (o) (o) (o)
I 0/43 0/25 1/30 0/20 0/27 0/38 117
IHC(+)/WB(+) X
e IHC(+)/WB(-) B/ 1 TIVIR
* HCEREA M B/ TR @ IHC(-)WB(+) AR A TILIR

O IHC(-)/WB(-)

Okada H et al. Transbound Emerg Dis. 2011 B

13

FAERTOBSER R L DREMIIZER. Ei5. BIEATRESNS

Hoffmann et al. Veterinary Research 2011, 42:21
httpy/www .veterinaryresearch.org/content/42/1/21 m V E.I. E R I NA RY R ES EAR c H

RESEARCH Open Access

BSE infectivity in jejunum, ileum and ileocaecal
junction of incubating cattle

Christine Hoffmann', Martin Eiden’, Martin Kaatz', Markus Keller', Ute Ziegler', Ron Rogers’, Bob Hills®,
Anne Balkema-Buschrann', Lucien van Keulen®, Jorg G Jacobs®, Martin H Groschup”

In summary our study shows that nearly all of the BSE-infected cattle that were examined had BSE
infectivity and/or detectable amounts of PrP5¢ in their small intestines. The highest amounts of BSE
infectivity and/or PrP5¢ were seen in the ileum and ileocaecal junction with lower amounts in the
jejunum. Clear time-dependent variations in the detectable amounts of PrP¢ were visible. Younger

cattle killed 8 mpi to 12 mpi carried higher PrP5¢ levels and had a more widespread distribution of

PrP5¢ than animals at 16 mpi to 20 mpi. The data from this study show a more widespread

distribution of the BSE agent in the small intestines in particular of pre-clinical cattle and are the

first describing infectivity in jejunal samples of cattle. Therefore the data presented here are

important for the definition of SRM and the implementation of their removal as part of functional

public health protection measures against BSE.
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® COMETIE25Mm~30mbHEZEHED—E (A0BEAMETD/ M TILIR) LMEEL TULVEW I EA RSN TN,

14




Table 2 Overview and comparison of the results obtained by the different methods used (clear positive results are

marked)
M.p.i. Cow Jejunum (localization A+B) lleum lleocaecal juction
IDEXX PTA IHC  Bioassay IDEXX PTA IHC Bioassay IDEXX PTA IHC Bioassay
4(n=2) IT19 nd. + nd. nd.
IT45 nd. + nd. incond nd.
IT14 +
Bln=4) IT20 + +
M39"  incond  incond + inconcl + + +
IT 55 + + + +
12(n=4) IT;m + + + + + incond + +
ITe inconcl  inconcl + + inconcl +
ITD& + inconcl + + + inconcl + +
IT57 + + + + + + + + +
16(n=4) IT 07
IT28 + +
IT 45
IT 65 + + +
ITio + incond
Wh=4 IT17 + + + +
IT 50 + + inconc
IT6D + + +
24 n=4 IT26 nd. + nd. nd.
IT24 nd + nd. nd.
IT 47 inconcl nd. + nd. nd.
IT58 nd nd. + nd.

nd: not dene, 4 dear positive result, - negative result, incond: inconclusive, *: both jejunal samples of the IT 39 had inconclusive reaction pattems but positive
bicassay is from localization A only.

EETIE165 B T—BRRETELED
IHCTIE., BZLDEMZEREL T S=8IBioassay(-)JHC(HEH S
WFNIZELTKDENEERTIA U EQENERL TS EEZOND

C-BSEZAUHHIELENOREHABEEZEBRALTIRKICUV=5FEE

Spread of Classic BSE Prions from the Gut via

the Peripheral Nervous System to the Brain

Martin Kaatz, Christine Fast, Ute Ziegler, Anne Balkema-Buschmann, Barbel
Hammerschmidt, Markus Keller, Anja Oelschlegel, Leila Mcintyre, Martin H. Groschup

The American Journal of Pathology, Volume 181, Issue 2, 2012, 515-524

http://dx.doi.org/10.1016/j.ajpath.2012.05.001

BOREERERTEER 167 AN 5445 B CREFMEZEIEEFTULIHCTPPSZ R H LT, 164 B LIFER
BHER T 204 B LUKKEIRBRESERNSTA PPN EN -, IMEEHM S [ETgbov XVIrI X[
FAREMEMN 24 BB ONT=H, PrPSDLEIL287 A THOH TRESINT-, CNHDHER., B
B OESDOBRICBSET YAV B EHRREELTROEICHIBRHBRRICIENDEETINS,

16




BOBRERFEINSGT I OIEERER

BATOMEHERL202F0RKYDEANEIERIEETFBLTLVELD

L

lﬁi BB AR 5
"4 —~

TR 1*‘\ 2

-
— -

ALoP IR R

FOREMER (B
FREHER (BIRBEHD)

tERE

Mg iE
BREBEEAEHNLH |
ISAT)VAR /B R L
EB DR AR

Kaatz M. et al. Spread of Classic BSE Prions from the Gut via the Peripheral Nervous System to the

Brain. A.J.P,, Vol. 181, No. 2, August 2012

17

4. BSEZ) A DRAEBRENIETE;E (PMCA) EFE1E

18




PMCA (Protein Misfolding Cyclic Amplification ) %
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TXAMSUBEIEBSET AV OREBRENEIEHIREZEFH
DUBSET) A EBERERNERREET S

OPENaACCESS Freely available online October 2010 | Volume 5 | Issue 10 | e13152 ID PI”RJ one

Sulfated Dextrans Enhance /n Vitro Amplification of
Bovine Spongiform Encephalopathy PrP>¢ and Enable
Ultrasensitive Detection of Bovine PrP°c

Yuichi Murayama'*, Miyako Yoshioka'?, Kentaro Masujin', Hiroyuki Okada’, Yoshifumi lwamaru’,
Morikazu Imamura’, Yuichi Matsuura’, Shigeo Fukuda®, Sadao Onoe?, Takashi Yokoyama',
Shirou Mohri’

1Prion Disease Research Center, National Institute of Animal Health, Tsukuba, Japan, 2 Safety Research Team, National Institute of Animal Health, Tsukuba, Japan,
3 Hokkaido Animal Research Center, Shintoku, Japan

CNFETHIELDED SF=PMCAEIZ L BBSETYA L DIEFEIL. TH RN UREEEMA
BIEICKYEBESRENELEY ., JUBSET)A L EZBEREICIRHE TR EMNTTgeEES
f=o ThiIZ&Y, BSEREEA (RELH) DR, OFBRHK., U/ Hi, BEHEE. HAMD
BSEZUA L D I&FEMN AT REE o T=,
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A 0-1-2-3
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Figure 4, BSE-PrP* detection sensitivity. A. The PP seed was diluted to 10™*to 107" with PrP substrate, and samples were serially amplified
in the presence of 0.5% potassium dextran sulfate (DSP). The duplicate amplified samples were analyzed after each round of am é)“f ication (R1-Rd) by
WB after PK digestion. B. No spontaneous generation of PP was observed. Samples labeled "1 to “8” contained only PrP“ substrate and were
amplified in the presence of 0.5% DSP.
doi:10.1371/journal pone.0013152.004
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RAREILIZLBBSED FE = HIEHT

Biochemical and Biophysical Research Communications 432 (2013) 86-91

Contents lists available at SciVerse ScienceDirect

Biochemical and Biophysical Research Communications

journal homepage: www.elsevier.com/locate/ybbrec

Quantitative analysis of wet-heat inactivation in bovine spongiform encephalopathy

Yuichi Matsuura®, Yukiko Ishikawa®, Xiao Bo®, Yuichi Murayama ?, Takashi Yokoyama?,
Robert A. Somerville ®, Tetsuyuki Kitamoto ¢, Shirou Mohri **

“ Prion Disease Research Center, National Institute of Animal Health, 3-1-5 Kannondai, Tsukuba, Ibaraki 305-0856, Japan

b The Roslin Institute and Royal (Dick) School of Veterinary Studies, Roslin, Midlothian, EH25 9PS, UK

“Division of CJD Science and Technology, Department of Prion Research, Center for Translational and Advanced Animal Research on Human Diseases, Tohoku University
Graduate School of Medicine, 2-1 Seiryo, Aoba, Sendai 980-8575, Japan
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F—FIL T TRFIEITol=. TDHE . YL —FTIE133°CM5150°C T, IV BTgRIRAADELEEERHT-
A 155°CLL E CIXREE MR DEM 0Tz — A FSA DM TIL170°CE TR M ERH Tz, PMCAEDRRFAFR
IZ&YPrPSDE5aE EERIZKROT=,
TIVF o ECHREESIRSE S LAMMEIXEMT 5,
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Research Communications 2013 ;432(1) 86-91 24
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PrPSeHERRL TL V=

BAT261E DFERBSEDMIZIF. —HEHICEA. T5—IHBHTS

Jpn. J. Infect. Dis., 60 (5), 305-308, 2007

Accumulation of Mono-Glycosylated Form-Rich, Plaque-Forming PrP5¢ in the

Second Atypical Bovine Spongiform Encephalopathy Case in Japan
Ken'ichi Hagiwara'3#*, Yoshio Yamakawa'3, Yuko Sato?, Yuko Nakamura', Minoru Tobiume?, Morikazu

Shinagawa® and Tetsutaro Sata?3

1Department of Biochemistry and Cell Biology and 2Department of Pathology, National Institute of
Infectious Diseases, Tokyo 162-8640, and 3The Expert Committee for BSE Diagnosis, Ministry of
Health, Labour and Welfare, Tokyo 100-8916, Japan

BSE#E T169y A4 oHAE T2 B L455IEFEBSE (JP/24) MEHEINT-, CDFD
PrPSeld—#E8RICE A . To7—0%2 T 5FI—0 v/ \DIEFEEBSE(L-BSE)E BB TL V=,
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EER LB 4 FHRRINAE(L-BSE)DEF LS DER
F(H=ZI4HFIL) ~NDIEE

Jpn J Infect Dis. 2011;64(1):81-4.

Atypical L—type bovine spongiform encephalopathy
(L-BSE) transmission to cynomolgus macaques, a
non—human primate.

Ono F, Tase N, Kurosawa A, Hiyaoka A, Ohyama A, Tezuka Y, Wada N, Sato Y, Tobiume M,

Hagiwara K, Yamakawa Y, Terao K, Sata T.

BARTHREINT-IEERBSELDHREFIZAL. EXFEER O IEFE R 4 ERIKINAE(L-BSE)Z2L D
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Highlights

eArginine ethylester enhances in vitro amplification of L-BSE prion in macaques.

¢ A sensitive detection method for L-BSE was established using arginine ethylester and polyanions.
¢This method enables pre-symptomatic detection of L-BSE prions in bodily fluids.
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H-BSE

Torres, J. M. et al. Classical bovine spongiform encephalopathy by transmission of H-type prion in
homologous prion protein context. Emerg Infect Dis 17, 1636—1644 (2011).
Transmission of BSE-H isolates in tg110 mice.

BSE-H, unglycosylated PrPrs that is higher than BSE-C; H-type, high-type Western blot profile of PrP™s; C-type, classical-
type Western blot profile of PrPres; C-like, classical BSE-like; PrP™s, protease-resistant prion protein; BSE-C, classical BSE.

Baron, T. et al. Emergence of classical BSE strain properties during serial passages of H-BSE in wild-type
mice. PLoS One 6, €15839 (2011).

Conclusion/Significance

Our data demonstrate the emergence of a prion strain with features similar to classical BSE during serial passages

of H-BSE in wild-type mice. Such findings might help to explain the origin of the classical BSE epizootic disease,
which could have originated from a putatively sporadic form of BSE.

Bencsik, A., Leboidre, M., Debeer, S., Aufauvre, C. & Baron, T. Unique properties of the classical bovine
spongiform encephalopathy strain and its emergence from H-type bovine spongiform encephalopathy
substantiated by VM transmission studies. ] Neuropathol Exp Neurol 72, 211-218 (2013).

Noticeably, second passage of H-BSE in VM mice does not seem to facilitate this strain transmission. With great predominance, the BSE
fingerprint of the 301V strain, in terms of incubation periods, PrP™s profile, lesion profiles, PrP4 brain mapping, and deposit types, could
be identified in the experiment in VM mice from C57BI/6 mice harboring C-BSE-like type PrP? on the second passage after inoculation
with cattle H-BSE. Thus, H-BSE may consist of, or is able to produce, at least 2 strains of infectious agent: the H strain and a strain
resembling C-BSE. This observation is important with regard to public health. Until now, L-BSE was shown to have a potentially even

higher risk of transmissibility to humans compared with C-BSE, and our data suggest that H-BSE may also represent a public health
concern that remains to be investigated.
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Table 1:
H-BSEDFSU AT T =vH T X (TgBoPrP) NDIGERER & B (R HARS

Passage history

First Second Third Fourth Fifth Remarks
320.1412.22(10/10)" 226.9+4.2(7/7)
(318°] (230] 215.6 % 5.0 (40/40)

#51[207] 220.840.3(7/7)

#1 [209] 214.0+£10.8 (5/5)

#6 [213] 209.6+ 0.8 (6/6)

H-BSE

#8 [215] 223.3+£7.8(4/4)

#2[216) 220.0 £ 4.4 (6/6) [234] 218'2? ﬁg.o

#7 [216] 210.3+ 1.7 (6/6)

#4 [228) 225.040(6/6)

aAverage = standard deviation (days).

bNumbers of affected/inoculated mice are shown in parentheses.

Incubation periods of mice used for subsequent passages are shown in brackets.

dExperimental group number at fourth passage: each experiment used a different brain sample from
affected mice at third passage.
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Figure 5: Western blot analysis of PrPcore from BSE-SW-affected cattle.
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PrPcore from the affected cattle were detected using mAbs: P4 (a), 6H4 (b), and SAF84 (c).
Lane 1, H-BSE; Lane 2, BSE-SW; Lane 3, C-BSE; Lane 4, L-BSE. All the samples were digested with 40 pg/ml PK at 37 ° C for
1 h. Digested aliquots were treated with PNGaseF, and were probed using mAb SAF84 (d). Equivalents of 0.5 mg brain tissues

were loaded. Molecular markers are shown on the left (kDa).
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6. EE;HFEJR (Chronic Wasting Disease : CWD)
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CWDDIRE
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Classic clinical signs of CWD....
emaciation, wide stance, lowered head,
droopy ears and excessive salivation.
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