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What is known?

W Route of infection - feed and
maternal risk

M Oral infectious dose

M Reassessment of feed risks -
BARBs

W Pathogenesis



BARBS



vvhat IS hot Known

¥ The origin
W Preferred age for testing

W The dangers associated with
Intestine

W Alternative strains
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The current situation
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10% risk.
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BSE Attack rate study

BSE Attack rate study - oral dose response

Dose*(g) 3x100 100 10
Confirmed positive’ 10 10 7
Incubation period (months) 33-42 33-61 42-72

* Titre of inoculum 103°log,, mouse (ic+ip) LDgy/g

T Study terminated at 110 months after exposure

1

v

45-75
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Dot AllaCK rate stuay

Attack rate 2 - needed to see if lower doses would infect and
deter mine end point

Cases Months pi at death
5@ 1g; 3 59, 65, 73 months
15 @ 0.1g; 3 55, 57, 62 months
15 @ 0.01g; 1 57 months
15 @ 0.001g 1 69 months

Experiment currently 79 months post infection as at September
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Points of compromise

r oss-contaminatio
In vehicles

\
Skull legally h
used to 1995
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UK Cases born after August 1996? _

Cateqory of case Number
Clinical case 23
Casualty 35
Fallen stock 9
Healthy OTMS 16

Total (as at 25 August 2004) 83
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1996 8

OTMS

(2004 8 25

23
35

16

83
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UK Cases born after August 19&@ -

Beef suckler cows 19
Dairy cows 60
Awaited 2
Total herds involved 80
No BSE previously in herd 16
Dams for which data is available 70
Number of dams BSE positive 0

Concludethat, on the basis of evidence available,

ater nal transmission cannot explain the occurrence of the majority of these ca




1996 8

BSE 16

BSE 0




Souces of infectivity D -

W Imported - post-1996 in the UK to
Incorporate in exported products

W Imported - accidentally, in other
non-MBM feed sources

W Indigenous - destroyed under
supervision so unlikely to be the
cause
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rRelevance or the resuits

Even If incorporation of
mammalian/ruminant meat and bone meal
IS prohibited by law, the results highlight the
difficulties of preventing low levels of cross-
contamination iIf mammalian MBM and other
raw materials/finished feeds are stored or
processed In the same premises

this may be outside the control of the
manufacturer or national authorities
especially during transhipment
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rRelevance ol

the results ;

W Need to recognise that some risk is likely
to exist even If importation Is restricted to

fish or vegeta
¥ Need to open

¥ Need to open
management

nle proteins
y manage those risks

y question and audit risk
procedures.

M t's not all bad news.
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Diagrammatic representation of the BSE epidemic

Plot Is by date of birth

| nvisible

- 1996 estimate x 5
- 2002 estimate x 15-

Visble







Pathogenesis of BSE ) -

Bioassay (RIlIl mice) of Infectivity in Tissues
from Naturally Infected Cattle Clinically

Affected with BSE!

Infectivity: Brain, cervical spinal cord, terminal spinal
cord, retina

No Infectivity: 51 tissues (approx. total assays = 100)?

1. From: Fraser & Foster (1994) and unpublished data. Also MAFF (1998)
2. Number of animals sampled per tissue is variable and limited
33
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Fatnogenesis o1 bok

Schedule of sequential kills

2 6 22 26 28 32 35 36 38 40 months p.i.
6 10 2 30 32 36 39 40 42 44  months of
| ge

3

Cia”quﬁgchanenged
control 4 control
3 challenged
1 control
1 challenged
1 control
2
challenged
1 control
3
challenged 3

challenged
1 cont?o|2 challenged 35
1

Arrnrntral



bok

2 6 22 26 28 32 35 36 38 40 p.i
6 10 2 30 32 36 39 40 42 44

3

C;'a”er;geﬁlchallenged
control 1 control
3 challenged
1 control
1 challenged
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2
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1 control
3
challenged 3
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1 cont?olz challenged 36
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Pathogenesis of Experimental BSE in cattle .

f

Summar
y Months after exposure

2 6 10 14 18 22 26 32 363840
L1 1 1 1 8 0 &8 0 §]1

Initial clinical signs

Infectivity (distal ileum) —— ND ND
Infectivity (CNS)

Infectivity (DRG)

Infectivity (Trigem gang.)

Infectivity (Bone marrow)

Pathology (PrPsc)

Pathology (SE)

October 2001



BSE

2 6 10 14 18 22 26 32 363840
L1 1 1 1 8 0 &8 0 §]1

( ) e ND ND -
() —
( ) —
( ) —
() =
(Prpse) e
(SE) —

October 2001



Bioassay of BSE infectivity in cattle . ?

Tissues selected and time after exposure of donor cattle

TISSUE POOLS TIME POST EXPOSURE (MONTHS
\edulla and/or spinal cord 6, 10, 18, 22, 26, 32
\uscle (masseter/semitend/longissimus dorsi) 6, 18, 26, 32
ciatic/radial nerves 6, 18, 26, 32
arotid/submandibular salivary glands 18, 26
Istal ileum 6, 10, 18, 26, 32
ver 6, 18, 26, 32
nsil 6, 10, 18, 26
pleen 6, 10, 18, 26
1ymus 6, 10
lesenteric In 6, 18, 26
rescap/popliteal In 6, 18, 26
uffy coat 6, 18, 26, 32
one marrow 22, 26, 32, 36
Kin 18, 26, 32

rine 18

39
SF 1824/5/
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Bioassay of BSE infectivity in cattle &

Incubation /survival* periods of i.c. inoculated recipients by

’[ISSUTGIS%LCI%UD
edulla and/or spinal cord

uscle (masseter/semitend/longissimus dorsi)
>iatic/radial nerves

arotid/submandibular salivary gland

stal ileum

jer

nsil

leen

ymus

esenteric In

‘escap/popliteal In

Jffy coat

one marrow

in

ine

INCUBATION /SURVIVAL PERIOL
(MTHS)

69/69, 77/75, 67167, 79, 77, 23
72,95,67,94

70, 68, 67, 93

68, 67

27,22,24,67,79

72,95, 67, 94
70, 45', 68, 66
70, 74, 68, 66
77,73

69, 68, 67

70, 67, 68

70, 68, 67, 93
66, 66, 66, 66
68, 67, 77

61

* As of Sept 2004 T1/5 cattle to date i
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i.C.
INCUBATION /'SURVIVAL PERIOD
(MTHS)
/ 69/69, 77/75, 67/67, 79, 77, 23
( / ) 72, 95, 67, 94
/ 70, 68, 67, 93
/ 68, 67
27,22, 24, 67, 79
72,95, 67, 94
70, 45', 68, 66
70, 74, 68, 66
77,73
69, 68, 67
/ 70, 67, 68
70, 68, 67, 93
66, 66, 66, 66
68, 67, 77
61

* 2000 9 t1/5 cattle to date 42



Bioassay of LRS tissues from naturally OCCFH," i
clinical cases of BSE by i.c. inoculation of cattle

= Lymph node pool (4)* or spleen
(each pooled from 5 cases BSE)
- RIIl mice - negative at end point (700 days p.i)
- Friesian/Holstein cattle: negative at end point
(86 months p.i)
- Potential titre <10 log,, cattle (i.c) LD, /g

= Nictitating membrane (lymphoid tissue) pool
(10 clinical cases of suspect BSE- 9 confirmed)
- 1/5 cattle (incubation: 31months)
(assay duration at Sept 2004: 55 m)
- Approximates to titre: 10! — 102 log,, cattle (i.c)
LDs, /9

* Retropharyngeal, mesenteric, popliteal and prescapular(sup. cervical) 43



l.C. BSE

LRS
" (4)*
( BSE
- RIII — (700  p.i)
_ / :
(86 p.1)
- <10'log,, (i.c) LD, /g
" ( )
(BSE 10 -9 )
-1/5  ( 31 )
( 2004 9 :55m)

- : 10t — 102 log,, cattle (i.c) LDg, /g

* : : (sup. )



PATHOGENESIS SUMMARY ) -
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Early incubation Mid to lateincubation Early clinical
CNS -+ DRG CNS + DRG _
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' |
: ?Blood ¢ Autonomic nerves
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What i1s not known?

W The origin of BSE

m Still most probably scrapie

W But could have been spontaneous
™ Or of exotic origin

W So far this does not seem to matter
as control measures appear to be
appropriate.

a7
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What 1s not known? &

The influence of pathogenesis on the effectiveness of testing

TISSUE POOLS TIME POST EXPOSURE (MONTHS
edulla and/or spinal cord 6, 10, 18, 22, 26, 32

stal ileum 6, 10, 18

49
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6, 10, 18, 22, 26, 32

6, 10, 18

50
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Bioassay of BSE infectivity in cattle &

Incubation /survival* periods of i.c. inoculated recipients by

tissue group
TISSUE INCUBATION /SURVIVAL

PERIOD (MTHS)

\edulla and/or spinal cord \__69R9 77 79,77,
3

Possible early signs of transmission in sample collected at 26 months post inoculation,
but incubation in ic. Challenged cattleisvery long.

Further research to becarried out in the next 12 monthsto evaluate the effectiveness qf

rapid and confirmatory testsin detecting positive animalsin the early stages of incubatipn

using samples from the VLA’s second pathogenesis study — 100 cattle exposed to 100g hy

Mouth, 100 cattle exposed to 1g, and 100 unexposed cattle.

51
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Cases

BSE cases by age at onset

35.00
- 30.00
- 25.00
- 20.00
- 15.00

- 10.00
- 5.00

- 0.00

1- 2- 3- 4- 5- 6 7- 8 9-10-11-

Age at clinical onset

Percent
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1200000

BSE Cases by age at clinical onset
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OPTIMUM TEST TIMING
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OPTIMUM TEST TIMING
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OPTIMUM TEST TIMING

Early incubation Mid to lateincubation Early clinical
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LT LI S— )
The risks associated with intestine o

TISSUE ( )
distal ileum 27,22, 24,67, 79

63
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What is not known?
Immunostaining of distal ileum

Months pi.

10

Animal

187
219
198
265
298
199
2172
235
275

+ve
follicles/follicles
observed
0/89

0/64
0/185
1/44
0/220
2/110
3/184
2/155
5/138

65



10

pI.

187
219
198
265
298
199
272
235
275

tve

0/89
0/64
0/185
1/44
0/220
2/110
3/184
2/155
5/138
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What i1s not known?

Immunostaining of distal ileum

Months pi. Animal

14 264
301
222
18 230
229
303
32 254
232

+ve
follicles/follicles
observed
16/243
0/69
0/138
1/321
5/112
2/98

0/3

0/3

67



14

18

32

pI.

264
301
222
230
229
303
254
232

tve

16/243
0/69
0/138
1/321
5/112
2/98
0/3

0/3
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What IS not Khown?

Immunostaining of distal ileum

Months pi.

35

36

38

40

Animal

299

194
231

261
192
300
277
296

+ve
follicles/follicles

observed
1/5

1/12
0/16

2/6
0/22
0/12
5/6
0/18
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35

36

38

40

pl.

299

194
231

201
192
300
277
296

tve

1/5

1/12
0/16

2/6
0/22
0/12
5/6
0/18
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IHC results 6 months post-challenge

Airmd Duocknum Jgurum lleum QAo
1 024 074 1/GI0 0%
2 0 0% 8471 06l
3 : 028 450 053

Supplementary study to earlier investigation of tissues from 1st pathogenesis

study.

Challenged animalsred.

No follicles detected in caecum.

Results represent follicles counted in thr ee sections separ ated by at |east

0.5cm.

71




0/24 0/74 1/610 0/35
0/52 0/55 8/471 0/61
- 0/228 4/570 0/23

0.5cm
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n

What is not known? The significance of trace infe

Incubation /survival* periods of i.c. inoculated recipients by

tissuergroep INCUBATION /SURVIVAL
PERIOD (MTHS)

bone marrow

6@ 66, 66, 66

73
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66, 66, 66, 66
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n

What is not known? The significance of trace infe

Incubation /survival* periods of i.c. inoculated recipients by
tissuergroep INCUBATION /SURVIVAL
PERIOD (MTHS)
tonsil 70, 457, 68, 66

* As of Sept 2004 t1/5 cattle to date 5



|.C.

* 2004 9

T1/5 cattle to date

€D -

C )
70, 457, 68, 66
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What is not known? The significance of trace infe

N Y
Incubation /survival* periods of i.c. inoculated recipients by

tissuergroep INCUBATION /SURVIVAL

PERIOD (MTHS)
muscle (masseter/semitend/longissimus dorsi) 72, 95,

77

¥ A ~AfCARt DNNA
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( / ) 72, 95, 67, 94
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vviiat 1o 11UL AN1IUVWIT T AICT LIHICIC osulallio Vi

BSEH——rrno--v (7 -

11n 2003, Japan, Italy, France all claimed
detection of possible new isolates/strains of
BSE - also now Denmark and Netherlands

Iltalian data most convincing because of
Involvement of iImmunohistochemistry and
western immunoblotting

U
a
e

sing new methodologies that have not been
pplied to the majority of cases during the UK

pidemic

79
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™ Difficult to compare results due to
Imited range of tests used —
predominantly western immunoblotting

W Lack of consistency in terms of
methodology

W Lack of correlation with effects of
storage and handling of material which
may generate apparent variations

81
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What is not known? Are there strains of B?SE?
The pathogenicity, phenotype and
pathogenesis of endemic scrapie in cattle

Intra-cranial challenge

Two groups of 10 cattle inoculated i/c with
pooled scrapie sourced pre-1975 and post-
1990

Disease in most animals from both groups,
with survivors in both groups - currently 64
months pi. (Sept 2004)

83
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What is not known? Are there strains of.BSE?

? —
The pathogenicity, phenotype and
pathogenesis of endemic scrapie in cattle

Pre-1975 inoculum
8/10 succumbed to disease

No or virtually no vacuolar
pathology, intra-neuronal PrP
deposits

Low MW PrP27-30 on WB
(7/8)
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? BSE

1975
8/10

, PrP

MW PrP27-30

(7/8)
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What is not known? Are there strains ofsBSE?

The pathogenicity, phenotype and
pathogenesis of endemic scrapie in cattle

Post -1990 inoculum
6/10 succumbed to disease

Variable vacuolar pathology, some
similar to, though none identical to, BSE.
Punctate deposits of PrP in neuropill

High MW PrP27-30 in WB (4/6) and low
MW (2/6)
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1990
6/10

PrP

PrP27-30

? BSE

,BSE

(4/6)
MW (2/6)

MW
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What is not known? Are there strains of %SE?

The pathogenicity, phenotype and
pathogenesis of endemic scrapie in cattle

Bioassay In mice of brain
material derived from the
affected cattle has given poor
success of transmission, thus
strain typing has not been
possible to date.
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What is not known? Are there strains of %SE’?_

The pathogenicity, phenotype and
pathogenesis of endemic scrapie in cattle

Oral challenge

Two groups of cattle challenged orally with
100g of either ARQ carrying scrapie or VRQ
scrapie (in Sept and Dec 2000 respectively)

Timed kills at 10 and 20 months (5 animals
each)

10 animals from each group left to end point
(planned for 7 years post challenge - currently
48/45 months pi (Sept 2004)

91



™ 100g
2000 9

w10

.
(2004 9 )

12
20

)

? BSE

ARQ

(5

VRQ
(

10

48/45

92



Neverineless - tne chalienge

W The field and experimental data
support the hypothesis that cattle can
support more than one phenotype of
prion disease.

® While oral challenges with scrapie
may suggest that transmission by the
oral route is unlikely to be effective,
how do alternative phenotypes arise?

® Nomenclature has to be agreed via
the OIE, together with an investigation
of the significance of different
phenotypes

93
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Conclusions?

f

W There is still much to be learned about BSE
and indeed scrapie

W Although some effective risk management
measures have been identified to reduce
animal and human health risks, it would be
premature to assume that they will resolve all
risks, but residual risks should be small
relative to those identified so far

¥ New data will emerge as scientific tools
enable smaller quantities of infectivity to be
detected, but won't necessarily affect overall
risks

W Thank you.
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