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Transmission of bovine spongiform encephalopathy  The Veterinary Record, October 2, 1993

to sheep and goats

J. D. Foster, J. Hope, H. Fraser

136VV
136AA
Goat:
ic: 4-6 yrs old

Oral: 2-5 yrs old

TABLE 1: Experimental transmission of sse to sheep and goats with

details of incubation periods and histological and PrP* diagnosis Sheep: 6-18 months
Recipient Signs observed Histological PP jc: 0.5ml of 10% homogen ates
animal Route  days after challenge diagnosis protein 0
oral: 50 ml of 1% homogenates
Sheep
'‘Positive
line" 1 ic 724 v +
2 ic 880 1 + .
3 ic 61t : - i.c:2/5
4.5 ic Alive” - .
6 Oral 538 + +
7 Oral 994 + +
8 Oral 665t : i oral: 2/6
9,10,11 Oral Alive - .
‘Negative
line" 1 ic 440 1 + .
2 iC 487 . + I . C: 2/5
3 ic 883t .
456 ic Alive*
7 QOral 734 + +
8 Oral 6201 : : oral:1/6
9,10,11,12 Oral Alive - -
(m N I
Goats 1 ic 506 + + .
2 ic 509 N + i.c: 3 / 3
\_ 3 ic 570 - + )
4 Cral 941 + + )
5 QOral 1501 + + ) Oral: 2/3
6 Oral Alive” " .

ic Intracerebral-
* Up to 1720 days after challenge

g ot dogth sty Positive line (VV)&negative line
ncertain histolo ecause of aut - ~ Lo
” (AA)TBSED B Z MM T ZEH 570N



Detection of BSE infectivity in brain

and spleen of experimentally

infected sheep
1. D. Foster, M. Bruce, I. McConnell, A. Chree, H. Fraser

136AA
171QQ. FOBKHEA

440 days

734 days

EEERICEHLT
REZEEDMN., BRI
BSETUA L ETE

TABLE 1: Incubation periods {days = sem) in mice following transmis-
sion of brain and spleen from twe clinically affected ‘negative’ line
sheep, one of which had been challenged by intracerebral (ic) inocula-
tion and the other by orally drenching with BSE homogenates. These are
compared with pooled transmission data from four cows confirmed to
have BSE and one sheep with natural scrapie

Source of Mouse strain
infection RiH C57BL W M C57BLxVM
BSE sheep (ic)
Brain 2097+3 \ 408+9 446 +10 478 +8 662 + 13
Spleen 334 +5 \477+13 S510+12 ND 695 + 13
BSE sheep (oral) g
Brain 328+4 (431+8 550+10 583+11 771z 22
Spleen 3557 [441+9 BB3 18 (8] 732 £39
85E cow™
Brain 2+2/ 42623 497 745 + 15
Matural scrapie sheep ytace)
Brair 286+10 404+5 7JEO 4168 B15:23 B10 +8
Spleen 399 £ 10 M MD MO MO
N MNot done

* Pooled data from four transmissions (BSE 1 to 4 given as individual trans-
missions in Bruce and others 1924). Pocled homogenate from these brains
was used to challenge the sheep in this study

#597

Veterinary Record (1996) 138, 546-548

RER High 0D SR HA - X040
A

Lower level of
infectivity in spleen

Lesion profile@ L
BSEXE>VR
BSE>< ) R [T FEEL
AL AE—EILBHIEIC
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Distribution of the prion protein in sheep terminally affected
with BSE following experimental oral transmission

J. D. Foster, D. W. Parnham, N. Hunter and M. Bruce

Table 2. PrP immunostaining in BSE-dosed terminally affected sheep

uo, Mot done; —, negative; {+ ). margiral saining; +, defirite staining: + +, strong staining: PP, Peper's
patch
Table 1. Details of seven BSE-challenged end-point sheep with PrP genotype, incubation ) ° (] ®
period and clinical signs Animal na.: 1 E 3 4 3 & 7
Sew/incubation
The incubation periods are days post-challenge and clinical duration refers to the length of time the animal period (days): F553 Ms533 Fs596 Fe2e F7e1 Fa3s F1o73
was observed with ataxia and/or pruritis. Also, details are shown of six BSE-challenged sheep which are still
alive. Beain £+ ++ 4+ 4+ +E ++
Spinal cord
Cerviml =D HD + + + ++ + +
Incubation Tharacic ++ ++  ++ 4+ 4+ W ++
period Clinical _ Lumbar _ b ] ++ ++ ++ m
Animal PrP (days)/days duration Dozl roat ganglia
no. genotype post-challenge (days) Ataxia Pruritis E"'-""'-“_- o o e +
Thiaracic O HD i+ W
Lizmbar =D HD W i+ WD
1 AHQ /AHQ 553 2 ++7 — Fetira O HD W o HD WD [+
2 AHQ/AHQ 593 4 ++ + Vagus nerve so (+) + (+}
e3 ARQ/ARQ 596 2 ++ + Raddiz] nerve
4 AHQ/AHQ 629 19 +4 + Seiztic nerve
o5 ARQ/ARQ 761 1 + 4 - Croeliac ganglia =D HD W + HD W +
6 AHOQ/AHO 935 17 44 _ Sellate ganglia =D HD W HD W
o ARO/ARO I{-?,'-"J 3t N _ ._\'l:dl:-w ganglia o HD WD HD o D
8 ARQ/ARQ 1631 Still alive _ _ e . =
9 AHQ/AHQ 1631 Still alive — — E::m,,- ' (+]
10 ARQ/AHQ 1631 Still alive - — Liver -
11 AXQ/AXQ 1333 Still alive — — Spleen ] (+) £ {+] (+) +
12 ARQ/AHQ 1333 Still alive — — Thymms nm Wn
13 ARQ/ARQ 1333 Still alive — — Mictitating membrane =D i+ WD +
Torsil ++ + + + ++ ++ ++ ++
Peyer's pabches O HD - + HD - +
* Recumbent within 24 h of clinical signs first being observed. Eetmpharyngeal lymgh node + + ¥ ++ ++ ++ +
1 Appeared lean 6 weeks prior to culling. Submundibular lymph nede + + . + T tF (+
Mamemnary ._.'rr.:||'. P =D HD i+ ++ i+ + +
. . . Bronchial-medizstina lynph node + + + + {+) o
5g brain equivalent (=10* mouse ic IDs,/g) Prefemaral lymph node - w1+ o+ o+ D
Mesentenc .3,1:|:l|'. rode + {(+) + + + + +
7-10 months: 7, 23 months: 2, 46 months: 2, flea-caceal |ymeh node L O R I
Presmpular lymph node + i+ + + + + [+
. Hepatic :5-1:|p':| nioche =D HD W HO HD ++ +
58 mo nths * 2 Farotid salivary gland =D HD W D HD W
Submandibular salvary gland o MDY WD HD MDY WD
Rumen
HH . Chmasum 5]
[ 1 Positive sheep: 7/13 (553-1,073 days) A
(+)FP (4] +) +7 +
. ARQ/ARQ O M W [+ i+ {+) [+
=D HD W [+ i+ {+IFF [+
Distal ilesm +FP (+) {+) (1 +FF
JL sch J— I e -~ - T =D D K NO HD +F? +FP
5. B TFRPrP154R/HE T EELL e om w w
Uterus HD
A number of genetically susceptible, challenged Ovary r
K ND ND W ND
1 1 Semibenadir TLISE | W W
animals appear to have survived. semileninms me. e e
Longissimus dorsi musde Ho HD W HD
Diaphragmatic musdle =D HD W HD
Foetal brain /spleen =D HD W HO (1 mth) D
Cotyledon o MDY WD HD WD

#596

Journal of General Virology (2001), 82, 2319-2326.
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Oral Inoculation Of Sheep With the Agent Of J. Comp. Path. 2001, Vol. 124, 280-289
BOVine Spongiform Encephalopathy (BSE) doi: 10,1053/ jepa.2001.04635, available online at http:/fwww.idealibrary com
1. Onset and Distribution of Disease-specific
PrP Accumulation in Brain and Viscera

M. Jeffrey, S. Ryder*, S. Martin, S. A. C. Hawkins*, L. Terry*,
C. Berthelin-Baker* and S. J. Bellworthy*

21 sheep (ARQ/ARQ)
6 months old

Table 2
Table 1 . . . . . . . . .
Clinical onset of disease and accumulation of disease-specific PrP in the central Distribution of disease-specific PrP in lymph no]::!;ﬂsn,q tonsil, spleen and alimentary tract of inoculated
nervous system (CNS) and viscera of inoculated PrP*2"Q gheep PeP* sheep
Sheep Time (months) between Presence of Presence of NS Sheep Months Presence of PrP in
no. inoculation and msceral PrP no. befuween
necropsy clinical vacuslation PP ino(m'{elrifan frmph nodes tonstl spleen iniesine abomasum _forestomachs
onset and Hﬁlﬂ N wAE f;m ==}
mecropsy __SM fé?f PS MES IC MED Bk i H4H =i
1 n N +/— - - G I NS | A == A A
2 + N - - - 1-8 4-10 - = - - - = - - - - -
3 4 N _1/4 —0/4 _0/4 o - - - T T - - - - -
1 1 N - - - - !
ATV S S S
6 10 N +/— - _ 3 - - - - - _ n I _
7 10 N ~1/4 _0/4 _0/4 12 16 + + 4+ o+ o+ o+ + + +§ ND —
8 10 N - - - 13 29 - _ _ _ _ _ _
[] 16 N — — — 14 99 _ _ _ _ _ _ _ _ 4+ _ _
10 16 N - - - 99 *
: . 15 22 + 0+ o+ o+ o+ o+ + + + —~ +
11 16 N f— — /— . e .
12 e N L 2/4 - 0/4 L_2/4 16 22 + o+ o+ o+ o+ o+ - - +§ + +
13 ] N — — /- 17 22 + + + + + + + + + + +
14 79 N _ _ /= 18 25 + + + + + + + + + + +
15 22 21 +3/5 + 2/5 +5/5 19 28 + + + + + + + + + + +
16 22 20 + + + 20 29 + + 4+ + + o+ + + + + +
17 22 N + + + 14
18 24 24 + + + -
],3 ;‘; _:{'; - 3/3 - 3/3 1 3/3 Control sheep nos 22, 23, 24 and 25 were killed and examined 4, 10, 16 and 22 months, respectively, after the other 21 amimals had been
;l* = * * inoculated; the results were t:nﬁrt:h' nt-_c;at'u'r.

S)I NU[J]’I'[BTL(]'[[JU]JT: Itl} rrtr()ph:ir}'[lgt‘al: I}I‘; [JT(:WJ])U]EF: thS [ﬂt:s(:[llt:r;f: I(:. i|c0-rat:(zll: thIj fl]l‘d;.'lfili[l.'l]: NI) not done.
* RP lymph nodes positive in sheep nos 1 and 6.

+Sheep 21 was alive but clinically sick 36 months after inoculation.

:Irumun()]aht:”;ng ('()[Iﬁ[lt‘(] o a S;Ilglt‘ t‘Tltt:T;(' MNEUTron.

§ Peyer’s patches not represented in tissue block. Prpscli IJ s// {'E"ﬁ ;*ﬁ 1t%(— g*ﬁ
N -

ARQ/ARR:21  24mpiET
ARR/ARR:21 PrPscfE



Clinical signs, histopathology and genetics of
experlmental transmission of BSE and natural

scrapie to sheep and goats
J. D. FOSTER, D. PARNHAM, A. CHONG, W. GoLDMANN, N. HUNTER

0.05g
brain

0.5g
brain

TABLE 1: Transmissions of 8se to Neuropathogenesis Unit Cheviot sheep and goats

#416

The Veterinary Record, February 10, 2001

Incubation period of BSE associate

with PrP171

MEES AT E R I CRE (XA
EARTE  FEDageldE A

1410 EEFEITE
BN TULVELY

Incubation Mot TSE (days Age at

Clinical signs Pathology wa/icc for PP period (days)  after challenge)  challenge (days)  PrP genotype
Sheep
IC-1 -+ + +/+ 440 - 446 AHOSAHO
Ic-2 + -+ +/+ 487 462 AHO/ARQ short
IC-3 + + ND/+ 880 = 1220 VROQ/ARQ medium
Ic-a + + DS+ 1874 141 VROSARR
IC-5 ? + ND/+ 1886 7/9 = 458 ARC/ARR very long
IC-6 i + +/+ 1923 i 489 ARC/ARR
Ic-7 ? +* +i+ \_ 2353 ) - 456 AHO/ARR
IC-B - - —f= - a7rs 1543 ARCSARR .
Ico = = MO/ - £ 2379 BO7 VROARR resistant
OR-1 + + NDf+ T34 - 486 AHO/ARD
OR-2 ? +* -+ l 1945 l - 119 VRO/ARR
OR-3 = - ND/- = 540 14 MO
OR-4 - - NO/- - 756 485 AHO/ARR
OR-5 - - ND/= 2155 300 ARO/ARR
OR-6 = N ND/— 5 2/10 3350 490 ARQ/ARD)
OR-7 - - ND/- = 2364 485 ARQSARD
OR-8 - ND/- 2970 114 VRO/ARR
OR-9 = - ND/- 3121 481 ARC/ARR
QR-10 - = ND}"‘— - 3191 116 ARD/ARR
Goats RPTS 142 143 240
IC-10 + + +/+ 506 - 447 5/5 |l HH PP
Ic-11 + + +/4+ so9 | 3/3 - 2273 5/5 Il HH PS
Ic-12 + + +/+ 570 - 1210 5/5 Il HH PS
OR-11 + i =f= 94 - 1181 5/5 Il HH P5
OR-12 + ¥ ND/+ il/eh s 1912 5/5 Il HH 55
OR-13 - " —/— - 1765 853 5/5 IlHH P5
* Autolysis-affected tissue, IC Intracerebral, OR Oral, + Paositive, ? Uncertain, - Negative, ND Mot done, W8 Western blat, Goat
icc Immunocytochemistry, Not TSE Intercurrent death for reasons other than 7€, RPTS Octapeptide repeat number 142:1/M, 143: H/R, 6

240: S/P
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Tissue distribution of bovine spongiform
encephalopathy infectivity in Romney sheep
up to the onset of clinical disease after
oral challenge

5. ). BELLWORTHY, 5. A. C. Hawkins, R. B. GReen, |. BLAMIRE, G. DEXTER, |. DEXTER,
R. Lockey, M. JEFFREY, S. RYDER, C. BERTHELIN-BAKER, M. M. SIMMONS

The Veterinary Record, February 12, 2005

Romney sheep
6 months old, ARQ/ARQ, ARQ/ARR, ARR/ARR

TABLE 3: Summary of the results of immunohistochemistry (IHc) and mouse bioassay for the

ARQ/ARQ Romney sheep and the numbers of clinical cases

Interval after Disease-specific RIll mouse Clinical
- dosing (months)  PrP (IHC) bioassay cases
mpi | ARQ |ARQ/R| ARR
4 4 4 Retropharyngeal lymph Peyer's patch + MNone ARQ/ARQ:LrE 'i BSE
node + (1/4) s
10 4 4 4 10 Retropharyngeal lymph Spleen + None ‘:.‘ﬁ;% A {E’E’s’é'd‘é °
16 4 node + (1/4) I\ P
29 5 4 3 16 LRS, viscera* and Spleen, spinal cord, distal MNone PrPSc 7] *ﬁ N EIIF.;’R
CNS + (2/4) ileumn, Peyer's patch, liver, °o__
28-38| 4* prescapular lymph node, (izbb 1E—¢
34 4 4 mesenteric lymph node, FC
cervical thymus and tonsils . —
46 4 4 g PrPSDEFRICS
22 LRS, viscera and CNS + Spleen, spinal cord, caudal Two sheep e =% 3 $
120 E— 4 4 (2/5) medulladistal ileumn, Peyer's  dinically positive, lLO_C!E'Z %'I‘ﬂi b\*ﬁ
Clinical stage cns only + (2/5) pat prescapular 661 and 664 dpi Haxnsd
lymph node, mesenteric
lymph node, coeliac
6RQ/ R, ARROD E1%) 75\ mesenteric ganglion and
BIEPreSciR i EN T tonsils all +
Final group LRS, viscera and CNS + Spleen, spinal cord, dista Four sheep )
; (4/9) lleum, Peyer's patct_liver,)  clinically positive,  Liver: low level of
prescapular lymph node, 775, 872, 908 . .
LRS(‘)—G CNS(+)O)1|E| mesenteric lymph node and 1162 dpi mfeCtIVIty

®LH5

all + (data incomplete)

* Lymphoreticular system (LRS) and viscera include the retropharyngeal, mesenteric, prescapular,
ileocaecal and bronchomediastinal lymph nodes, tonsil, spleen, Peyer's patches and abomasum;
the animals indicated were pesitive for all or most of these tissues

t Not all the tissues were assessed by both histopathology and bioassay
+ Positive, cns Central nervous system, dpi Days postinfection,
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Detection and Localisation of PrP>¢ in the Liver of Sheep
May 2011 | Volume 6 | lssue 5 | e19737

Infected with Scrapie and Bovine Spongiform
Encephalopathy

Sally J. Everest’, Andrew M. Ramsay', Melanie J. Chaplin’, Sharon Everitt', Michael J. Stack’, Michael H.
Neale'*, Martin Jeffrey?, S. Jo Moore', Susan J. Bellworthy', Linda A. Terry'

a b

0.35 m

#79 TR Mt (2Rt
NHEZEINT-

0.125

0.30 =

0.100
ARQ/ARQ " R . l
Suffolk S o204p & e WBEIHCTPrPSR
é 0.15 = é l
0.050

Oral challenge
at 6 months of
age

0.10 =

0.025

005 S 25} — —- PrPSc[XKupffer cellsIZ& &

0.000

0.00 =
B1 B2 B3 B4 BS BE BT Negetr B1 B2 B3 B4 BS BE BT Negetl
IDEXX ELISA kit Bio-Rad ELISA kit
c
BM Con B1 B2 B3 B4 BS B6 BY Con MLN Br BM  kDa age numbers Clinical Lymphoid
; (months) signs tissues
- =28
... u 27 3 None positive
E— o —20.1 observed
. -
- - 29-30 2 Early positive
positive

Figure 2. Detection of PrP*¢in the livers of ARQ/ARQ BSE-challenged ewes. Liver samples from 7 (B1-B7) ARQ/ARQ BSE-challenged ewes
and 15 negative control sheep (neg cirl) were analysed for the presence of PrP*© using (a) the IDEXX Herdchek assay (b) the Bio-Rad TeSeE ELISA and
(c) the Bio-Rad TeSeE sheep and goat Westem blot. Values are shown as the mean and standard deviations (n= 4). The cut-off points of the assays are
shown (dotted line). M = molecular mass markers (kDa). Mesenteric lymph node (MLN) and brain (Br) from confirmed scrapie positive sheep are

shown as positive controls. Liver from a negative sheep (C) is also shown.

doi:10.1371/journal.pone.0019737 g 002




Susceptibility of Young Sheep to Oral Infection with Bovine
Spongiform Encephalopathy Decreases Significantly after Weaning

Nora Hunter,® Fiona Houston,® James Foster,® Wilfred Goldmann,® Dawn Drummond,® David Parnham,? lain Kennedy,?
Andrew Green,® Paula Stewart,® and Angela Chong?

High incidence

Dose& &K HA
IZBEE ML

l

RRPL-FDHR
#=J—I)LLT=

A 100

% surviving after challenge

TABLE 1 Incubation periods and survival times of sheep orally challenged with BSE at a range of ages

#515

Journal of Virology p. 11856-11862
Movember 2012 Volume 86 Number 21

Age at Dose of BSE cases/no. Incubation period Survival of non-BSE sheepb Survival of non-BSE sheepb
challenge BSE (g) challenged (days" [SD]) for <.2,000 days (no. if =3) for =2,000 days (no. if =3)
—24h 0.05 8/9 865 (202) 524 NAS
0.1 417 774(212) 317,335, 964 NA
0.5 6/11 1,044 (215) 39672 (n=5) NA
7710 685 (164) 9, 135, 150 NA
11/12 740 (162) 104 NA
11/12 949 (189) NA 2,263
12/12 745 (207) NA NA

NETOHE
BRTEIZFEDH
ncTu=Aih

3 mo NA 8, 193
8, 989, 1,890

217-1,381 (n=4)

NA 519,1,273
729,742,932 922
821 (183) 682

15-27 mo 2,289

594, 849

1,214, 1,227
1,723
1,010, 1,359

0.5 2/10
1.0 1o

2,121-2,237 (n = 8)
2,172-2,179 (n =7)
2,143 (n=186)

2,021-2,062 (n = 8)
2,021-2,062 (n = 6)
2,062 (n=15)

2,039-2,290 (n =7)
2,191-2,304 (n =7)
2,290-2,297 (n=7)

2 If fewer than four cases, individual incubation periods or survival times are presented (days after infection); the survival rates for four or more animals are given as a range.

b Animals culled for intercurrent illness/welfare reasons or at the end of the experiment.
“NA, not applicable.
One animal with PrP®-positive staining in Peyer’s patches with no other BSE signs.

@
8

-

Survival (days) X 100

E
=
2 80+
—t—"21h 2
= &0
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o
==fe=3 months W 40
s A—?
=+=6 months g 0
== adult - "
10 15 20 25 0 5

FIG 3 Survival times of sheep challenged with BSE. (A) Sheep of different age EE

groups challenged with BSE; (B) sheep of different PRNP genotypes (codon
141) challenged with BSE.

i0
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Maternal transmission studies of BSE in sheep

J. D. Foster, W. Goldmann, C. McKenzie, A. Smith, D. W. Parnham

and N. Hunter

Progeny surviving to >30 months and born to challenged ewes

#800

Journal of General Virology (2004), 85, 3159-3163

ewes op rerotvos incubation periods Progeny, year of birth Lamb numbers of each genotype
numbers & yP (months)
Born 1997 | Born 1998 |Born 1999 | Born 2000 | Born 2001 | AQ/AQ AQ/AR AR/AR
that
developed
clinical 4 AQ/AQ 18, 31, 36, 58 1 4 5 2 1 9 4 0
signs of
BSE
Fate, challenged n=13
in 1997
that did not| 4 Aq/aq  Pelve ] cdledati 2 5 1 1 9 1 0
develop mpt
clinical 5 alive, 1 culled at
signs of 6 AQ/AR 51 mpi 7 4 3 5 4 11 11 1
BSE .
6 AR/AR dalive, Teulledat| 5 6 5 6 0 20 6
75 mpi
Total 12 11 14 11 11 20 32 7
n=59
control 4 AQ/AqQ  |2@lve 2 culledat) g 5 1 4 1 11 3 0
48, 72 mpi
n=14
20BE M Cheviot FAQ/AQFET=IE  13FEILFEERIE TARTDFF BSEQD £ -5 2 (D
— . .o - HEA <
ewes [Z5g® AQ/ARERECL KEDFFE. 59 T307 AT T RN (LT
% sh ‘ = ‘ ey RS
BSEEEOES T FEEE  mEEkREY  RECROS v
ABEMDIERREF (7288) MODFE nigm-ot= -°

10



Natural
transmission of
BSE between

sheep within an
experimental flock

6-months old

ARQ/ARQ ewe lambs (n=30)
Infected with 5g BSE brain (orally)

v

6 months after
BSE-dosed sheep were
mixed with 20 matched
animals (same genotype,
same age), and kept as a
single group.

v

The ewes were bred
from 18 months of age
by natural mating
(breed/genotype-
matched sires from TSE-
free flock)

v

5. ). Bellworthy, G. Dexter, M. Stack,

M. Chaplin, 5. A. C. Hawkins,

M. M. SIIIIIOIS. Veterinary
Laboratories Agency (VLA = Weybridge,
Addlesr Surrey -.'. 'S

M.Jtﬁm ) Marﬁn L. connlu.
V1A ~ Lasswade, Pentdands Science Park,
Bush Loan, Penicurk, '1 dlothran
i"\J

P. Hul DEFRA Drayto

Alcester Ko 4\.\'* 1-upon-Avon,
Warwickshire CV3I?

24/30 of dosed sheep
reached clinical stage
between 655 and 1056 dpi

v

2 of the lambs born in 2003
also died of BSE

The first clinical disease in
the flock occurred in a
dosed ewe, the dam of
lamb 2, just 73 days after
the birth of its lamb, with
clinical end point at 655
days after dosing.

The dam of lamb 1 reached
clinical end point 198 days
after it birth.

#413

The Veterinary Record, August 13, 2005

It is impossible to
determine whether
infection was acquired from
the dam in utero or during
the perinatal period.

This is the first confirmation
that BSE can transmit either
in utero or perinatally in
sheep.
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#H641
Immunohistochemical Distinction between
Preclinical Bovine Spongiform Encephalopathy b b s

and Scrapie Infection in Sheep

C. M. A. Thuring, L. J. M. van Keulen*, J. P. M. Langeveld*,
M. E. W. Vromans®, F. G. van Zijderveld* and T. Sweene

o \NERBAVD

72<inconclusive

Oﬁm"’“‘" ] I?:lm“m ] :f;w c S;:Iﬁthhr & Etemi
5g BSE orally A vk novoy A e s =
Q/ Q - Sheep!  ——— Q e 1: 6mpi'C°HéH
ARR/ARR: 1 Eheen s (RERCI e E S ket
(43mpiE TEMH) -

4-5 months of age

64 AR TRED
INAA T — _ 5: preclinical stage
v T

11-20mpiCB1E

55 = HRAE - 21t

PrP93-1061Z%19 %
AR DTBM
(tangible body
macrophage)Z; L&
L7=PrPScD Z & 1%
TBSEERILAE—
ZXAITES

4: clinical stage

» RIS

Fig. 2. Detection of PrP™ in tonsil and third eyelid biopsy samples of homozygous ARQ sheep orally infected with BSE.
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Pathogenesis of bovine spongiform encephalopathy in sheep

L. J. M. van Keulen - M. E. W. Vromans -
C. H. Dolstra - A. Bossers * F. G. van Zijderveld

Fig. | Schematic
represemmtion of FrPSe
aocnmubion (in redy in the

15 manths p.i.

8 o 8 months p.i. d g ]
€ o
- 3 - ) T " &

Iymgphoid Sssaes, EMS and (45 i 1 ,ﬂ}"”,“l..

af ARCYARQ) sheep arally T MMy T ¢ BT AT e i i ———
infecied with BSE after it "ﬁff_.t_":_';‘. L= \I’\“\"\'I‘“\L‘\, 2 R ——
& months b 9 months ¢ 12— — "-'Lg_l'._'._J ;

13 manths d 15 months e e ‘i-—-f
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dormal motor miclens of te
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Enteric nerves system --> parasympathetic & sympathetic nerves --> medulla oblongata --> spinal cord
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Phenotype of disease-associated PrP Joumal of General Virology (2005), 86, 827838

accumulation in the b_ram of bc_-wne spongiform o riaiceniEs esest
encephalopathy experimentally infected sheep EET3

Lorenzo Gonzalez,! Stuart Martin,' Fiona E. Houston,? Nora Hunter,®

Hugh W. Reid* Sue J. Bellworthy® and Martin Jeffrey’ ARR/ARRIZ., fisi A %42 T4 BSE

HMEE
Table 1. Animals used for the study, incubation period of the disease and magnitude of total PrP® accumulation

For description of genotypes, see text.

Group Breed Genotype Age* Inoculum Number Clinical Incubation  PrP? scored
Source  Typet  Route: course® period®
1 Cheviot ARQ/ARQ 736+ 41 Cattle Brain® IC 5 9+2-5 609+ 16 17-6+0-6
2 Poll-Dorset ARQ/ARO 768 + 50 Carttle Brain”® IC 4 2404 49942 15-6+1-2
3 Suftolk ARQJARQ 1110 Cattle Brain” IC 5 19+ 16-4 550+ 13 152+1-1
4 Romney ARQ/ARD 365 Sheep  Brain” IC K 1442 5864 32 14-0+0-5
5 Cheviot VRQ/VRQ  226+32 Cattle  Brain® IC 5 22478 1068 +9 16-7+07
[ Cheviot ARRJARR od0+ 179 Cattle Brain® IC 5 o8+ 17 1333+ 86 o1 +0-6
Suffolk ARR/ARR Cattle  Brain® IC 2
Poll-Dorser  ARRJARR Cartle  PBrain® IC 1
7 Cheviot AHQ/AHQ 288+ 6 Cattle Brain” OR 3 11+4-7 626+ 21 79+09
8 Romney ARQ/ARQ 182 Cattle  Brain® OR 4 15+5-1 923+75 10-3+1-4
9 Poll-Dorset  ARQ/ARQ  204+22 Sheep  Brain® OR 2 20459 736420 12:3+1-1
Suffolk ARQJARD Sheep Brain® OR 3
Romney ARQ/ARD Sheep  Brain® OR 1
10 Cheviot ARQ/ARD 273+ Sheep  Blood’ v 5 14+5-1 566+ 16 98407
11 Cheviot ARQIAHO  397+13 Cattle  Brain® v 6 564114 715418 5:840-8

*Age at challenge, clinical course (from first signs to cull) and incubation period (from challenge to cull) in days (mean + SEM).

1The different inocula are identified by different superscripts: a, ¢ d, brain pools of BSE-affected cattle titrated IC/IP in RII mice (titres were
1074, 10™* and 10°7 LD50 g ', respectively); b, brain pool of Cheviot sheep (titre in RIII mice of 10°7 LDS0 g~ ') that developed clinical TSE
after oral challenge with cartle BSE inoculum; e, brain pool from Romney sheep (titration pending) that developed clinical disease after being
dosed orally with inoculum d; f non-titrated individual blood aliquots (either 400450 ml whole blood or buffy coat extracted from 50 ml whaole
blood) from sheep of group 7.

$IC, Intracerebral; IV, intravenous; OR, ora (5 g inoculum as a 10 % homogenate).

§Mean +seM of individual sheep scores (see text). 14
IThis group of sheep comprised five, five and three animals challenged with 10 %, 107* and 107 dilutions of inoculum b, respectively.



#73
Bovine spongiform encephalopathy agent in spleen

from an ARR/ARR orally exposed sheep Journal of General Virology (2008), 87, 1043-1046
Olivier Andréoletti,' Nathalie Morel,? Caroline Lacroux,' Virginie Rouillon,’ .
Céline Barc,® Guillaume Tabouret,' Pierre Sarradin,® Patricia Berthon,? BSE[XicTARR/ARREIZRRE T HA, ZMFE TorallZ
Philippe Bernardet,® Jacinthe Mathey,' Séverine Lugan,' Pierrette Costes,’ EBAGCETHERIN TV
Fabien Corbiére," Juan-Carlos Espinosa,® Juan Maria Torres,* * n=14& DB TH-T-
Jacques Grassi,” Francois Schelcher' and Frédéric Lantier’ * -
64 AR DFEEFEALTL:
Mab'SP;fl 1: brain ARQ/ARQ, scrapie
”» 2: brain ARQ/ARQ BSE
ARQ/ARQ (n=8) kba 1 2 3 4 5 6 7 8 9 10 3: brain ARQ/ARQ, negative
ARR/ARR (n=10) 39- 4: spleen ARQ/ARQ BSE (oral)
q- 5: spleen ARR/ARR BSE (oral
24 hr-old, and 14 days of age 3 e .-. .- 6: sgleen ARQ/ARQ scr(apie)
- 7: spleen ARQ/ARQ'ne ative
2.5g BSE sheep (ARQ/ARQ) L5 - - 9: bFr)ain ARQ/ARQ BSEg
brain (oral) Mab.Sha31 2
() 1 2 3 4 5 6 7
mpi | ARQ/ARQ | ARR/ARR
el
10 3 3 18 2: brain ARQ/ARQ, scrapie
19 | 2 (clinical) — A 3: bra!n ARR/ARR BSE (|c_)
4: brain ARQ/ARQ, BSE (ic)
29 4 (healthy) | Mab. 2A11

” 5: spleen ARR/ARR BSE (oral) (10 mpi)
©) L=_+ & 9 6 ¢ 6: spleen ARQ/ARQ BSE (oral)

31 - .! .
18 r 10mpiD1EEDERE D A, h DHE
| iLrats,

fth DARRFIBE(L, I NTIEMH

PrPs¢: ARR allelic variant
product of prion replication
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Protective effect of the T112 PrP variant in sheep

#415
Joumnal of General Virology (2009), 90, 2569-2574

challenged with bovine spongiform encephalopathy

G. C. Saunders,1 l. l_an’[ier,2 S Cawv’[hraw,1 P. Ber’[hon,2 % J. l'\z’loore,8
M. E. Arnold,” O. Windl," M. M. Simmons,® O. Andréoletti,®> S. Bellworthy®
and F. Lantier”

Time p.i.(days)

2500 4
2000 4
1500 4
1000

500+

ARQ/ARQIZEBSEIZE B 1% (oral, ic)

oral: 12-30 weeks, 0-260 weeks

LAL. LD DEERTIEBSEICresistant®D

ic: 22-35 weeks, 39-91 weeks 1@1715:63%‘5*1'7":

TARQ (survival periods)

T
J

MARQ i
" (mcub]?tlon periods) | | T
L 1 ] _ 1E

BovBSESgPO OvBSESgPO BovBSEO.1gIC OvBSED.1gIC OwBSE0.05gIC

BSE inoculum, dose and routs

MARQ/MRQ | MARQ/TARQ | TARQ/TARQ Total

47/49 0/17 0/3 47/69

Fig. 1. Mean incubation periods for BSE-
positive and clinically affected MARQ/MARQ

Suffolk sheep (shaded bars) and _survival

periods (as at March 2009) of BSE-dosed
TARQ-carrying sheep (empty bars). Error bars
represent + 1sp (n=17, 7, 2, 3, 3 for BSE-
positive and n=3, 0, 3, 1, 6 sheep for survivors
in the respective challenge groups from left to

nght).

T112(EBSERE (2%t L Tresistantl Z{#<
NETHEERD T TARQ/ARQTREELE
MEEAEZEDO SN T=ERHO—D M ?
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Effect of Q and Kzzz PRNP

#708

Polymorph%éwariants in the J Infect Dis 2015 Aug 26;212(4):664-72. Epub

Susceptibility of Goats to Oral Infection 2015 Feb 26.

With Goat Bovine Spongiform
Encephalopathy

Patricia Aguilar-Calvo, Christine Fast, Kerstin Tauscher, Juan-Carlos
Espinosa, Martin H. Groschup, Muhammad Nadeem, Wilfred Goldmann, Jan
Langeveld, Alex Bossers, Olivier Andreoletti, and Juan-Maria Torres

Table 2. Infectious Titers in Tisswes From WT, R/Qy,, and 0/¥.;; PRNP Goats Orally Inoculated With Goat BSE, as Determined by Mousa
6-7 months  Bieassay

Transmission of goat
BSE is genotype
dependent.

K222: protective effect
in the oral susceptibility
of goat BSE

Of age Mouse Bicassay in BoPrP-Tg 110 Mics
Goat BSE FRMP Ganotygss and Goal End Paoint, mo Zundval Time, No, Diseased |PrP™"
Codes bor Pooled Tisswas  Aller Inoculation Goal Tissus Maan [SEM) positivelfo. Incculatad  Infectious Titar®
Wt (R211, Q222) W& :
LGS, 2632, end 7635 [ Barsin 650 0% o
Proes major muscle 650 il -
Popliteal Lia 650 06 -
F5318, 7G24, and 7G3D 12 Beain A60 i} -
Pios rrmior musche 650 0/ -
Popliteal ks 680 13} -
0 zcm 24 Beain + 281 {20 i N
clinical sign Psoes mejor muscle - 546, 538
Retractor bulbi mu=cla - 468 (25 -
Popliteal Lis - 526 =
A
R/Q211 £1313 24 Brain - 64l -
O ZG28, 2605, and 2620 33, 34, and 36 Brain +++ 2580158 BB ++
Clinical sign Psoss mejor muscle - - - 334 (24) -+
Delayed clinical signs in goat Ristractor bulbi muscle - - - 307 (34) +4
Popliteal Likg - - - 406 {500 +
kzaa
Q/KZZZ £G10 24 Brain 660 e} =
ini ZG25 44 Brain Lizall] QG -
N.o CII.mcaI Psoas major muscle 550 -
signs In goat Poofitaal 850 e _
Brain A00 {500
Poes major muscle 522 -
IJ.I E"E o)%ﬂﬁ(‘ﬁk - Popliteal LNs - 650 0/ -
Sc. . Anbrevitions: ESE, bovine apongriomm encaphalopatiy; Lls, lymphnodas; PA™=, probaase-msistant prion proein; SEM, standard eerorof the maan; WT, wid-tyoe
PrP . negatlve # The irlectcus titer for aach goat tissue was caloulabad as a funclion of tha surdval timas absined in BoPrP-Tg110 mice ofter their inooulation and expredsed s

| nfeCtiVit . ositiverﬂact ous dose 00 per gram of Inceylated lssue (36w Suppismentary datal. Infectious titers af the goat fissues wers scored 85 — |negatae whan thay v Knver
y' p than tha Imit of detection of the mousa binassay a5 caloulatad by the Rood=Muonch mathad [27] [6x 107 10y + wehien e ranged fnom B x 107 w0 6 = 10° Dy
+4+ when they mnged from =B 10% to B« 108 I00; and +++ whan thiy weans =5 108 1D

B Soat WT PANP genotype: Faq OO

Very low infectivity was
detected in some

—>» tissues very long after
inoculation (44-45
months)

17



#446

Distribution of Abnormal Prion Protein in a Sheep
J- Comp. Path. 2013, Vol. 149, 113—118

affected with L-type Bovine Spongiform

Encephalopathy 3, 4 months old

ARQ/ARQ sheep
ic: L-BSE (BSE/JP24)

Y. Matsuura, Y. Iwamaru, K. Masujin, M. Imamura, S. Mohri,
T. Yokoyama and H. Okada

Table 1
Immunohistochemical and western blot detection of Tiesue t‘r.!i'nfh!'r’ TH( Wa
PrP
Tissue sample THC WgE I }{Il}}hclltl st
Spleen - -
Central nervous system Tonsils [palatine, - -
Olfactory bulb f f pharyngeal, lingual
lerebral cortex | |
Cerebral cortex Thymus _ _
Thalamus } } -t
Of | | Parotid lymph node - -
X .
Cerebellum I I Mandibular lymph - -
Spinal cord } } node
Optic nerve 1 1 Lateral — —
Retina } } retropharyngeal
Pituitary gland } I |}'m}:-h node
:_I]["l]]'[]hl\'}}[]}}hl\'.‘il.‘i| h”}n-\]-{](ial (E\]-'.iial — —_
Peripheral nervous :s__\':slc‘m |‘_~'"1}1‘h node
Dorsal root ganglia t t . .
. . e Brachiocephalic - -
Trigeminal ganglia t t I i :
Sympathetic trunk — — }"_]P 1 o
Celiac and mesentenic - — Axillary lymph node - -
gangli[]]’] ('(]n]}}l[*}; S'I]hili'd(' I‘_p'l]]].]h I]EIIE‘ — —
Vagus nerve — — Popliteal lymph node — —
Facial nerve - - External iliac lymph - -
Elm nic T]Ill'\i - - node
AUPrasCapuar nerve — — -
prasta Mesenteric lymph - -
Brachial nerve plexus - - : '
. node
Median nerve - —
Radial nerve - - o . . i
ST &, immunohistochemistry; , wiestern blot.
Scia bic nerve B - THC histock try; WB 1 blot
Seia )
Tibial nerve _ _ b, positive for PrP™; —, negative for Prp®,
Adrenal gland ) i *Immunolabelled PrP™ was detected with the tyramide single ampli-

fication system, but not with the conventional method.

PrP3¢ was absent in lymphoid tissues.
Distinct tissue tropism of L-BSE in sheep from those of C-BSE?
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Acquired transmissibility of sheep-passaged  veterinary Research (2015) 46:81

L-type bovine spongiform encephalopathy
prion to wild-type mice
Hiroyuki Okada, Kentaro Masujin’, Kohtaro Miyazawa and Takashi Yokoyama

Table 1 Transmission of L-B5E isolates to mice®

Hasts Soune Inocul um Passage Survival Range Proportion of PP mice®
&HEE;‘_-,E (days) Brain Spleen
(1CR [14] L-BSE/cattle [18] ) Brain 1 651+ 153 322953 0/35 w35 )
(ICR L-BSE/cattle passaged in ICR mice ) Brain 2 656 + 198 ARE-4G37 L 010 10 )
C57BLAE" L-BSE/catte [18] Brain 1 3+42 673757 /5 5
(CR L ESE/sheep [16] ) Brain 1 5694262 172-1012 [ 1415 915 |
\CR L-B5E/sheep passaged in ICR mice Spleen 2 891 + 61 ade=7ah &/ &6 )
TgBoPrP L-BSE/cattle [18] Brain 1 195+4 187-211 1818 18
TgBoPP L-BSEfcattle passaged in TgBoPrP mice Braim 2 152 %2 148-155 24424 24
TgBaoPP L-BSEfsheen [16] Brain 1 245+ 28 234-258 545 &5
TgBoPrP L-BSEfsheen passaged in TgBoPP mice Brain 2 089 +17 248-305 1313 013

“TgBoPrP, bovine PrP expressing transgenic; L-BSE, L-type bovine spongiform encephalopathy; PP, disease-assodated prion protein.

“mean + standard deviation.

“Mumber of PrP** positive tissue samples per number of examined tissue samples. Results from either westem blot, immunohistochemistry, or both.
“Un published data from our lab-oratony.

L-BSE X > Wt-mouse —X»> Wt-mouse

l

L-BSE/sheep O+ Wt-mouse O> Wt-mouse
19



#406
L-Type Bovine Spongiform Encephalopathy in

Genetically Susceptible and Resistant Sheep: Biological characteristics of
Changes in Prion Strain or Phenotypic Plasticity L-BSE after pas(sjage b?’] Ic
of the Disease-Associated Prion Protein? route in QQ and QR sheep

Simon Nicot,' Anna Bencsik,' Sergio Migliore,2 Dominique Canal,' Mikael Leboidre,' Umberto Agrimi? Romolo Nonno 2
and Thierry Baron'

Table 2. Summary of Transmission Data in Ovine Prion Protein
Transgenic Mice

Brain Spleen

F
Survival Period, PPd  PrPres
TSE Inoculum Passage d.p.i, mean+SD Positive Positive .:...-=..
From cattle _-__-:_:-
C-BSE P1 421+ 48 1010 5/5 A
L-BSE P1 62774 910 05 il
C-BSE P2 354 + 48 10010 565 .".".
L-BSE P2 202 + 26 9 35 T - - 0 - o
C-BSE P3 414 £ 61 8/8 8/8
L-BSE P3 220+ 39 111 99 B P1 P2
Passaged in sheep P ——— Spleen -
C-BSEQQ171 P1 296+ 46 1919 34 _| == | PrPresinovine PrP Tg mice
L-BSEQQ171#1  P1 183+ 24 1212 10010 c
LBSEQQI7T142 P 188+ 29 /i 57 Brain
L-BSERQ17141  P1 221+ 26 56 6/6 RQ171 sheep was susceptible to L-BSE (ic route).
hpelnTie. 196437 LL O L PrPres molecular features differ between L-BSE in RQ171
CH1641 QQ171 P1 245+ 17 1212 o7 and QQ171 sheep.
C-BSEQQIT P2 365+ 36 1112 5/6 o )
LBSEQOI71#1 P2 296+ 19 &5 25 Features of L-BSE from RQ171 and QQ171 are maintained in
LBSEQQ17142 P2 199+ 49 nA1T a4 the Ovine Tg mice.
L-BSE RQ171#1 P2 208 £ 21 99 99 Splenic PrPres features at P1 in ovine PrP Tg mice reflect the
L-BSERQ171#2 P2 189+ 20 &7 an genotype-dependent PrPres variations.

CH1641 Q171 P2 220+ 31 1111 0/5 20






