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Abstract Bovine spongiform encephalopathy was a novel spongiform ericephalopathy,.in an. hlthcrto un-
affected specwsi that had characteristics.of a point source epidemic, with an.agent. ‘that could have been
mcorporated into a wide variety of feedstuffs and iatrogenically administered to naive.populations, and
there 'was early evidence that it was not restricted to bovines. It was vital to €stablish; albeit experimentally,
which other species might be affected, and whether the epidemic could be maintained; by natural trans-
mission, if the source was removed. In contrast, scrapie has been endemic-throughout' Great Britain for
centuries, is maintained paturally (even if we don’t know exactly how) and has a known host range. The
principles, process and 1£egratmn of evidence from different types of studies, however are similar for both
of these transmissible spongiform encephalopathlcs (TSE) and can be applied to any emerging or suspected
spongiform encephalopathy. This review discusses the experimental approaches used to determine TSE
transmissibility and infectivity and how they relate to natural disease and control measures.
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1. INTRODUCTION
1 1. Spongiform encephalopathies of animals

The spongiform encephalopathies of an-
imals include scrapie, chronic wasting dis-
ease (CWD), transmissible mink encephalopa-
thy (TME), bovine spongiform encephalopa-
thy (BSE), feline spongiform encephalopathy

(FSE), the spongiform encephalopathies seen -

in non-domestic captive ungulate species such

~ as eland, oryx and greater kudu, and cap-

S tlveostnches [{85-87]. Spongiform change can

cncaphal@pathms They may be encountered
‘as-a 'genetic or congenital problem {62, 63,

_spongiform - encephalopathies

’ ’seen 'in other diseases, such as rabies,
."al'dlseases (14, 29, 88], and’ hepatic

1021, as an incidental finding in normal sheep
[126], or even as an artefact [108].-

‘However, the only ‘observed natural animal-
to-animal transmission of a spongiform en-
cephalopathy occurs in ruminants: scrapie in
small ruminant species, CWD in'deer -and
elk, and possibly BSE in small ruminants (al-
‘though this latter example has only been ob-
served in an experimental flock [8]). Natural
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known genetic effects on whether exposure
leads to the development of clinical disease
[98, 100]. Additional factors that may affect
host ‘susceptibility have been proposed [25,
45, 93] and there could be other unconfirmed,
or even as yet unidentified, factors that might
affect host susceptibility. :

1.2. Aim and objéctives:

~An_ integral part of ‘the classification of
spongiform encephalopathies is whether they

‘are transmissible or not.'If i ity possible to ex-

pcnmentally transmlt ‘to, pass or hand on” [4}

_ i.e.transfer the. disease, then it has the poten- -

tial to be naturally . infectious. An. infectious
disease is one that is due to the “transmis-
sion of a specific agent, or its toxic products
from an infected person, animal, or reservoir
toa susceptlble host, either dlrectly or indi-
rectly through an intermediate plant or animal
host, vector, or the inanimate: environment”
[71]. This has implications for disease control

‘strategies; different approaches will be needed

if there is an infectious component than if the

"~ spongiform encéphalopathies in other species,

including humans, are either. genetic in ori-
gin (e.g. Gerstmann-Striussler-Scheinker dis-

ease, fatal familial insomnia) or have been
. linked predominantly with an idiopathic trans-

mission mechanism i.e. exposure to contam-
inated feedstuffs (TME, BSE, FSE, and kuru
in humans).- There is no recorded occurrence
of spongiform encephalopathies being able
to transmit effectively within non-ruminant

species.

The naturally occumng transmlsmble
(TSE) are
invariably fatal, have long incubation periods
and provoke no overt immune response in
the host. In some, such as scrapie, there are

Page 2 of 18 (page number not for citation purpose)

disease was purely due o a nutritional or ge-
netic cause. It should also be noted that an
infectious disease may not be contagious —
where contagious is-defined-as “the communi-
cation of disease by, direct or indirect contact”
i.e.t is communicable to other individuals [3].

Experimental approaches to'the investiga-
tion of whether transmission occurs have be-
come more. sophisticated since the start of
the 20th century when: Cuillé and Chelle first
achieved expenmental transmission of sheep
scrapie via the conjunctival route in France in
1936 [17, 18]. This experimental evidence of
transmissibility was confirmed, somewhat un-

intentionally, by the iatrogenic transmission of -
" scrapie from sheepto sheep via the medium of
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Transmissibility of TSE — the BSE model

a louping ill vaccine, which led to outbreaks in
Great Britain during the 1930s [41].

In this review on the transmission of TSE
in animals our first objective is to illustrate the
route to the designation.of a spongiform en-
cephalopathy as “transmissible”, through the
example of BSE in the 20th century. The
knowledge that a spongiform encephalopathy
is transmissible then leads to the question of
the relevance of experimental findings to the
field situation, where the required outcomes
are public health protection, disease control
and, ultimately, disease eradication. This then
is our second objective; to put transmissibility
into a “real-world” context. Scrapie and BSE
are our main examples, with other TSE of an-
imals referred to where appropriate. We also
aim to briefly highlight some of the challenges

and unanswered (or unanswerable) questions -

that are inevitably raised when a novel spongi-
form encephalopathy is encountered, and ‘its
ability to transmit is investigated. -

1.3. Definitions

~ PrP5¢; “Prion protein”. An abnormal iso-
form of a naturally occurring host protein
(PrP¢) which is resistant to proteolysis.

- End:stage/clinical disease: - presence of
clinical signs and PrP% in brainstem
and/or lymphoreticular system (LRS).

— Positive animal: PrPS detectable, regard-
less of location (i.e. central nervous system
(CNS), peripheral nervous system, lym-
phoreticular system) or clinical status.

— Exposed animal: known challenge with

. positive material, or contact with positive
animals or a contaminated environment.

May or may not also be in one of the cate-

gories above. : _
~ Negative animal: no detectable PP in

any tissue tested (must include CNS (if an-

imal dead) and/or LRS).
— Negative control: animal from a flock or

farm with good records, no recorded TSE

and a feeding history which does not in-
clude meat and bone meal supplements.

— Vertical transmission: transmission from
one generation to the next via the germ-
line or inutero {11].
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— Horizontal transmission: lateral spread to
others in the same group and at the same
time; spread to contemporaries [11].

— Maternal transmission: there is some dif-
ficulty in separating possible horizontal
and vertical components to transmission
involved with the dam-offspring relation-
ship, and so the term “maternal transmis-
sion” is often used in discussion of the

. transmission of scrapie, maternal transmis-
sion being defined as transmission before
or immediately after birth.

2. CONFIRMATION OF DISEASE AND/OR
INFECTION ' ‘

The absolute nature of the infectious agent
poses a unique challenge and is still a
contentious issue. Accumulations of disease-
specific prion protein (PrP5°) in the CNS can
be demonstrated in all cases of clinical dis-
ease, so the detection of PP is now.used
to conﬁ:m the disease status-of a clinically
suspect case at post-mortem:[76)..PrPS¢ ac-

- cumulations in a variety of tissues can"also

be seen in the absence of clinical signs and
the demonstration of their presence is gener-
ally considered as evidence of exposure and
infection. However, such PrP% accumulation
occurs relatively late in the incubation period
of the disease [6, 117}, so this reliance on
the presence of PrP limits in vivo diagno-
sis of disease, and surveillance for evidence
of exposure or infection, with current diagnos-
tic tools [76]. The currently accepted paradigm
is that accumulations of PrP% are not only
associated with disease, but are also associ-
ated with transmission and infectivity [92].
Whether it is the sole infectious component
1s still a subject of some dispute. Firstly, nat-
urally occurring PrP%, when used for trans-
mission experiments, is inevitably contained
in a suspension of the tissue in which it orig-
inated, and therefore the existence of another
factor, or factors, coexisting with PrP¢, and
responsible for infectivity cannot be unequivo-

- cally excluded. Secondly, disease has been ex-.
. perimentally produced by tissue suspensions

from potentially infected animals in which no
PrP% was démonstrable with current diagnos-
tic tools [69]. However, in order to investigate

(page munber not for citation purpose) Page 3 of 18
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transmission of spongiform encephalopathies,
all studies currently use the presence of PrP%
as a confirmatory marker of disease or expo-
sure/infection.

In experimental studies of TSE, the pro-
longed incubation periods and the availability
of resources coupled with welfare considera-
tions may not allow for individual animals to
be followed up to the ultimate fatal endpoint.
For this reason there is a lexicon of terms that
are applied both in experimental studies and
surveillance (see Section 1.3.). ’

3. THE SEARCH FOR EVIDENCE . .
OF TRANSMISSION OF BOVINE
SPONGIFORM ENCEPHALOPATHY

Expérimental transmission studies in a wide
range of recipient species have established that

v+ many: species are-susceptible to-parenteral ex-

~posure - with positive tissue from TSE' cases

- under-experimental circumstances (e.g. cattle,

‘.sheep, goats, cats; mink,deer, elk, exotic ungu-

lates, :primates, laboratory rodents). Detailed

- reviews of these transmissions have been pub- -

~-lished recently [52] and-will-not be. repeated
here.

3.1. Bovine sponglfonn encephalopathy =
. aTSE? .

Following the identiﬁcation of BSE in cattle

{107] and its epidemiological link to contami- .
-nated feed [118, 119], the major transmission -
questions to be addressed, as in any other new -

‘ﬂlsease were:

- ‘Can it be transmitted?
— Who or what can it be transmitted to in or-
- der to determine the potential host range,

which food animal species are susceptible,
and if there is a public health risk?

— How much is required to achieve trans-
mission/infection, to define infectious dose
and host susceptibility?- :

~Then, if and when transmission is achieved:

. ~ What is the pathogenesis of the resulting

disease, what is the earliest time at which
evidence of exposure can be detected and
in which tissue(s)?
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— What are the possible routes and mecha-

nisms of transmission under natural as well -

as experimental conditions?

-~ What is the relative importance of identi-
fied routes and mechanisms in the trans-
mission of the disease under natural condi-
tions in the original host and other species?

Only then can fully effective steps be taken to

intervene and minimise any risks to public or
animal health that may arise.

3.2. Experimental transmission studies

3.2.1, Artificial exposure — artificial routes

Some of these questions were addressed
for BSE initially by experimental transmis-

sion studies (see Tab. 1 for details [6, 8, 9,

20, 21, 26, 32, 35, 46, 49, 54, 58-60, 72, 83,

© 97,109-114, 116, 117, 124]). In"the case’ of

BSE, a sense of urgency accompanied- ‘these
investigations, partly as a consequence of the
subsequent emergence: of similar disease in a
range of other species [57, 64, 125], and partly
because infected animals would have entered
the human food chain. Historically the most
efficient transmission route to use to provide
an indication of potential ‘host range suscep-
tibility was that of intracerebral inoculation

_(i.c.). Initial studies established that transmis-

sion of disease to food animal species using

, CNS tissues from natural cases of BSE in cat-

tle was possible to cattle, sheep, goats and pigs
but not chickens.

BSE as a source, and food animal spe(:les as
recipients. A similar range of studies could be

listed: for other donor species/strains (in partic-
. ular scrapie and CWD), -and indeed for BSE

challenges into non-food animal recipients,
but exhaustively listing these is considered to
be beyond the scope of this paper.

3.2.2." Artificial exposuré — natural routes

The next stage was to establish if suscep-
flbll]ty could -also- be demonstrated by more
natural routes of infection. The natural route(s)

-for the transmission. of TSE in the field is

still not known, but for most experimental pur-
poses the oral route is considered appropriate.
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Table L. Food animal speci

(-]

usceptibility to BSE - sumnimary of experimental transmissions from bovine tissue.

Recipient species/ Route of Donor Amount (g) TiweinRill No.ofanimals Ageat Incubation  Key policy outcomes/questions addressed

genotype (where  inoculation  tissue mice* (if known)  challenged dosing period

televant) '

Carile icfiv.  Brain 0.1/0.5 N/A 16 4-5months 7490  Proof of ransmissibility within species' [20].

weeks  End stage disease looks the same as natwral
. disease regardless of route [110]
Cattle Oral Brain .- 100 10346 30 4 months Timed kills Pathogenesis of BSE in original host {111].
BSE infectivity identified in the CNS, ileum
{109} and bone marrow [112] of pre-clinical
) cases. Endstage disease after experimental
challenge is the same as natural disease [46,
110}

Cattle Oral Brain '3 x 100, 1033 10-15per 4-G months  34-98  Determination of LDsg and minimum infec-
100, 10. L. group (total months  tious dose of BSE in cattle {117). Establish
0.1,0.01, n=90) attack rate for interpretation of pathogenesis

0.001 study [6). Establish minimum effective dose
for epidemiological modelling. Confirm that
experimental endstage disease looks the same
regardless of dose and incubation period
(Simmons, unpublished data)

Caittle i.c. Brain Log N/A 24 (4 per 4 months 20-39  Comparative titration BSE in carttle and mice
dilutions group) months  showed that catle approx. 500 times more -

sensitive than mice (Cattle 105, mice 10332
Cattle i, ~ Range of tis- 0.1 N/A 325in groups 4-6months  23-45  Inaddition to CNS, palatine tonsil [114] and
sues from of5 - months  nictitating membrane (Wells, Hawkins, unpu-
initial patho- depending blished data) harbour BSE infectivity in cattle.
genesis study’ " on tissue - Themajority of petipheral tissues assayed were
time kills negative (Hawkins, unpublished data)
Cattle Oral Brain 100-3x 10286 24 6 months Time kills Barly pathogenesis and the involvement of
100 Peyer’s patches in the distal ileum (97]

[oPow S g 21 - HS JO ANIqIssuusuer],
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analysis. Verification thiat the BSE/scra-
pie discriminatory tests work in the ARQ/

ARQ genotype [58]
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‘Table I. (continued).
Recipient species/geno- - Route of  Donortissue ' Amount (g) Tire in RIII No.of anpimals Age at Incubation Key policy outcomes/questions
type (where relevant) ~ inoculation - mice* (if known) - challenged  dosing -~ period " addressed
Cattle Oral ‘Brain - N/A .56 46 Time kills. -~ Pathogenesis in original host [49]
' i ' - months . (ongoing) '
Cattle Oral Brain : 100orl 103! . 200 4 months Timed killsup  Pathogenesis of BSE in original host. Dis-
: - | . to a clinical end-  tribution of tissue infectivity in cattle
; point of 30~78 - using a range of statutory screening tests
- b months  to ensure that SRM controls remain
appropriate [6). Provision of tissue bank
i (including milk) for future testevaluation.
| End-stage experimental disease looks like
: end-stage natural disease (Hawkins and
! Simmons, unpublished data). No PtP5¢in )
. S : milk from affected animals [26)
" Cattle Oronasal  Foetal ~ {90 mL oral, 5 mL N/A - 12 2-3 Animals survi- - No demonstrable infectivity in foetal
o ' membranes ! nasal of a 50% . months  vedto7 years  membranes® [20] )
i homogenate ’
Cattle Embryo  Live embryos N/A N/A 347 Young N/A BSE cannot be transmitted through
transfer from cinically: adult embryo transfer [124]
atfected donors o
Sheep (positive and i.c. Brain £0.5 mL of 10% - N/A it 6-18 440-994 days  Sheep are susceptible to BSE, including
negative line Cheviots) ! homogenate months sheep not universally susceptible to scra-
f pie [32)
Sheep (positive arid . Oral Brain i S0mL of 1% N/A 12 6—-18 538-994 days ~ Sheep are susceptible to BSE by this route
negnﬁvé line Cheviots) ' homogenate ) _ months [32] '
Sheep . Oral " Brain o Se 10397 .72 .  6months 664-909days  Distribution of infectivity in positive
'i i sheep [59]. Important for SRM and risk

“[E 10 SuOWUIG ‘I
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Table . (continued).

Recipient spe-  Route of Donor Amount Titrein RII No.of animals -~ Agéat - Incubation period Key policy outcomes/questions addressed
cies/genotype  inoculation tissue  (g)  mice™ (if known) challenged dosing :
(where relevant) ) ' §
Sheep Oral Brain 5.0.5, 10397 120 3-6 months Ongoing at VLA  Establishes minimum infectious dose of BSE in sheep by
ARQ/ARQ ‘ 0.05, . oral route, contributing to epidemiology and risk models.

. 0.005, " . Endstage disease is the same regardless of dose (Bellworthy,

0.0005 ‘ Jeffrey, unpublished data)
Sheep Oral Brain Sg 10397 20 each 6 months  Ongoing at VLA Arethese genotypes susceptible by the oral route? Relevant
ARQ/ARR . for genotype-based disease control strategies. What is dis-
ARR/ARR. tribution of infectivity if they are? Is there any evidence of
. carrier state?

Sheep Oral Brain Sg 10397 _ 30 6 months  569-1 058 days 'Provision of material for statutory controls and other
ARQ/ARQ . requests. Provision of milk from sheep with BSE. Create a

BSE affected flock to establish if transmission could occur
to in~contact animals and lambs [8]

Sheep Oral Brain 5g 10397 g8 . 2 weeks 535-824 days Lower age at challenge reduges spread of incubation
ARQ/ARQ ) : y period, but does not shorten the minimum incubation
period (Bellworthy, unpublished data)

Sheep Oral  Brain Sg 10397 5 6 months  568-665 days Susceptibility and end-stage disease in particular genotype.
AHQ/AHQ ’ Relevant for genotype-based disease control strategies.
‘ Verification that discriminatory tests work in the genotype.

‘Contribution to BSE “flock” (8}

Sheep Oral Brain Sg 10397 ) 6 months 2 clinical sapects - Susceptibility of particular genotype. Relevaat for geno-

VRQ/VRQ i at 1 570 days ~ type-based disease control strate gies. Verification that dis-
criminatory tests work in the genotype. Contribution to
BSE “tlock” (8]

Sheep ic.  Brain 005g NiA 19 (ARQ/ARQ) N/A 495-671 days The ARQ/ARQ, VRQ/VRQ, VRQ/ARQ and ARR/ARR
ARQ/ARQ 10 (VRQ/VRQ) (ARQ/ARQ)  genotypes of sheep are all susceptible to infection with
VRQ/VRQ . 10 (VRQ/ARQ) : 881-1 092 days BSE, with shorter incubation period (by this route) in
VRQ/ARQ ; N/A (ARQ/ (VRQ/ARQand "ARQ/ARQ than other genotypes challenged [54]. There
ARQ/ARR . ARR) - 7 VRQ/VRQ)  were survivors in atl genotype groups at the time of publi-
. ARR/ARR = 19 (ARR/ARR) . .1008-1 127  cation. Sheep with resistant PrP genotypes are susceptible
: days (ARR/  to BSE (54]. Potentially relevant for genotype-based
ARR) disease control strategies ’
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‘Table L. (continued). . S . ..

Recipient species/geno-  Route of inocula-  Donor Amount (g Litre in RUImice* No. of animals chal- Ageat Iﬁcubhnon penéd Key policy outcomes/questions

7

type (where relevant) - - ton tissue " (if known) lenged .. ... dosing ) - addressed
Sheep s . Intraperitoneal/ Brain N/A N/A | foreachroute: - N/A  672-days and Widespread peripheral tissue invoive-
ARQ/ARQ o intrasplenic ‘ L - PR SE 1444 days’ . ment, including muscle (9, 72]
Sheep - - Intraperitoneal/ Brain | 5mL of 10% CNA 1 foreach r('m‘t'ev - N/A Noclinicl ~ BSE-related PrP can accumuiate in
ARR/ARR . intrasplenic ! homogenate e ' disease tissues of “scrapie resistant” sheep
] : ' without any clinical signs. Evidence
i of potential carrier state? [9, 83]
Gouts . ie. Brain 0.5 mL of 10% N/A ' 3 . 4-6 506—570 dnyé Spécies susceptible [32), Define end-
! homogenate . , years . stage disease 32, 35)
Goats ) Oral Brain i 50 mLof 1% N/A 3 2-5 941-1501 days Species susceptible by oral route (one
S0 : homogenate i » years survivor) [32]. Define end-stage
. : disease [32, 35). Discriminatory tests
' q work in this species [60]
Pigs ° i.cAvip. Brain (0.5 ml/1.2 mL/ N/A i {0 1-2  69-150 weeks Species susceptible [21]. Define end-
B ) 8-9 mL : weeks stage disease [113]
Pigs o Oral Brain 3 x MBM ration 1024 : 10 7-14  Timekilisat2 Species not éusceptible to experimen-
: equivalent for an . weeks and 7 years * tal challenge by this route [113]
. I 8 week old pig )
Chicken’ ) ic/ip. Brain | 50 pL/1 mL of N/A 12 [-14 N/A Survivedup Species not susceptible [116]
, ' 10% homogenate days to Syears
Chicken : ) Oral Brain -!. Sgon3 N/A ) 11 © " 4-6 N/A-Survived up Species not susceptible to experimen-
o ' occasion . ‘weeks to Syears tal challenge by this route {116}
Deer - . ic. Brain 0.05¢ 1032 6 10-12 7941 060 days Species susceptible. Define endstage
: months (one still alive) disease (Jeffrey M., personal commu-
. . nication)
Deer . Oral - Brain 1 25g° ! I8 4-6 Time kills  Is this species susceptible by this
. o ‘ l : o ‘weeks . route? Ongoing. Negative to date ~ 4
years post chatlenge (Jeffrey M., per-
sonal communication)

. _

* Mouse fi.ch.p.) units LDsy/g. S . S
t Dawson M., Wells G.A., Parker B.N.J.. Scott A.C., Transmission studies of BSE in cattle, hamsters, pigs and domestic towl, in: Bradley R, Savey M., Marchant B. (Eds.), Sub-
acute spongiform encephalopathies, Proc. of a seninar in the CEC Agricultural Research Programme held in Brussels, 12-14 November 1990, Kluwer Academic Publishers, 1991,
pp. 25-32. _ N ' ‘ »

2 Hawkins S.. Wells G., Austin A. et al., Comparative efficiencies of the bioassay of BSE infectivity ia cattle and mice, in: Proc. of the Cambridge Healthtech Institute’s 2nd Int.
Transmissible Spongiform Encephalopathies Conference, 2~3 October 2000, Alexandria, VA, USA, 2000. - .
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Transmissibility of TSE — the BSE model

For BSE, epidemiological studies indicated
that the oral ingestion of food contaminated
with infected ruminant-derived protein, in the
form of meat and bone meal (MBM), by cattle
was likely to be a major route of transmission
[118, 120}]. Oral challenge studies showed that
transmission of BSE was possible to- sheep,
goats and cattle by this route {32, 59, 111]
and with very low challenge doses [117].
~ Transmission to pigs or chickens however was

not achieved by this experimental route {113,
116].

One difficulty that arises with transmission
experiments is the interpretation of a nega-
tive result; does it mean that transmission does
not occur, or just that in this particular sce-
nario it hasn’t? The latter then raises questions
as to why it may not have occurred. Is it the
dose, route, or are there other factors involved
such: as species barriers or genetic influences?
‘Given that BSE could be transmitted to pigs by
the i.c. route, the absence of BSE transmission

to pxgs by the oral route indicated that there -

. may be an effective species barrier, ‘but a par-
ticular confoundmg factor in this type of study
is that the infectious “dose” of any challenge
inoculum is difficult to establish ob]ectlvely
In most cases, inoculum titre (if known) is
quoted as mouse LD50/g, using conventional

inbred mice. However, we know that different

hosts are differently susceptible [88] and that
some TSE isolates do not transmit to particular
species (including mice). Any experimentally-
established titre is inevitably relative, and

not necéssarily informative for the recipient -

species in a particular experiment. Attempts to
determine PrPS¢concentration biochemically
as a measure of titre are also limited by the
assumption that PrP%¢ is an accurate and quan-
tifiable marker for infectivity.

Conversely, a positive result in a transmis-
sion experiment only means that transmission
can occur, not that it does in field condi-
tions. It also leads to further guestions. One
is the relevance of such experiments to the
field situation. There are a number of funda-
mental differences between natural exposure
and experimental studies which should not be

overlooked when comparing disease models”

with field cases. In natural disease, the inci-
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dence of TSE can be low but in experimental
disease the aim is to achieve 100% morbidity,
especially if the study contains a time-kill ele-
ment. Very high doses can be given orally and
such experimental exposures result in much
higher attack rates than are observed naturally
{117]. Time-kill approaches can then be used
to study the disease pathogenesis in an exper-
imental model, although it is not known what
effect dose may have on pathogenesis. It is re-
assuring, therefore, that the end-stage disease
resulting from such experimental exposure of
cattle with BSE is virtually indistinguishable
from natural cases in all but morbidity [46}.

This experimental approach also assumes
an oral route of transmission in the field, which
is a reasonable assumption for BSE, given the
clear epidémiological links with contaminated
feed. However, the infectious material in feed
has been subjected to a range of manufactur-
ing processes and heat treatments in the course
of MBM  production; and:experimental stud-
ies often use “neat” brain materia) (untreated)
to achieve the best. morbidity, since rendering
has been shown to.reduce titre {27, 91, 94-96].
The possible effects of rendering; on the basic
biological properties of any given TSE strain
are very difficult.to define, and almost impos-
sible to control for in any experimental design.

It has also been suggested that age at ex-
‘posure can affect susceptibility [5], but most

“experimental designs have focussed on a re-

stricted range of ages at challenge from a

- logistical point of view.

None of these factors negates the data
emerging from such experimental studies, as
the studies provide a starting point. Once
transmission has been achieved, further exper-
_imental protocols can be used to investigate as-

_pects such as minimum effective doses [117],

and inoculum can be treated to mimic more
closely what is occurring in the field [95].
Data derived from transmission experiments
can also be used in risk analyses and math-
ematical models, both of which may be used
to inform the development of appropriate con-
trol strategies for TSE in animals, and thus to

protect public and animal health. Further stud- - -
“ies can also be implemented, as they were with

BSE, to investigate hypotheses of the origin of
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the disease (for example scrapie to cattle [66]),
but countless variables prevent this approach
from being comprehensive.

3.2.3. Natural transmission

With experimental confirmation that trans- -
mission is possible by a particular route, fur-
ther investigation of the contribution of that
route to natural transmission is vital. =

For BSE it was clear that the principal
driver of the epidemic was the feeding of
contaminated MBM [120] — once relevant con-
trol measures were introduced the epidemic in
Great Britain began to decline {50, 122} - but
it was not initially known whether the disease
could be sustained within an affected popula-
tion by other natural or management means.

Evidence from a: cohort. study did not rule
‘out the possibility-of a matemal component:
" :to transmission [121]. The risk of develop-

~ing BSE was slightly increased by being born
10 a dam*approaching the clinical phase of

“-stsceptibility, trarismission or a combination
of ‘the two: could not :be - determined. How-,
’ever, mathematical modelling indicated that if
maternal transmission did occur, then it was
‘highly unlikely to be at a rate that could sustain
an -epidemic [23]. The route through. which
such exposure might take place, whether it
: .was due to true. vertical transmission, or hori-
‘zoptal transmission through close contact also
could not be estabhshed from the cohort study.
A long-term large-scale experimental study to.:

M.M. Simmons et al.

a French goat [24] have, however, raised a new
challenge: that of BSE in small ruminants. For
Great Britain, this raised a concern about the

- national sheep population. With, hopefully, no

naturally-occurring disease to study there re-
main only three alternatives.

Firstly, to set up small-scale animal experi-
ments (as previously described) to investigate
potential routes and mechanisms of transmis-
sion; secondly to set-up larger-scale natural
transmission investigations, such as an exper-
imental sheep flock; and thirdly, to find an

_ alternative natural disease model that can be

studied in the field.

4.1. Direct experimental exposure

_Transmission of BSE in small ruminants
. by blood transfusion has been studied by the
. first methed. Whilst experlmental BSE can be -
- transmitted. by whole ‘blood transfusion (531,

thedisease.. Whether it represented genetic this probably has more® relevarice in ‘the es-

tablishment of a: precedent for the: protection

of public health in" the ‘context of human- -
‘to-human- transmission’ [1], rather than as a

potential iatrogenic route in small ruminants.

4,2." Natural transmission experiments

* The second method (the experimental sheep
flock) has been used by both the Veterinary

' Laboratones Agency (VLA) and the Institute

“investigate the possibility of vertical transmis-
- sion indicated that, “when appropnate sanitary
protocols” were followed, “embryos derived

disease” [124]. - :
Ultlmately for BSE in cattle the relatlve im-
“portance of the role of feed contaminated with
infected MBM was confirmed, and the relative
~ absence of evxdence for matemnal transmission

1231 has enabled etfecnve disease control in-. of natural transmission of BSE from sheep to -

' tervenuons to be lmplcmented

4 'BSE IN SMALL RUMINANTS

~ The positive results of oral transmlssmn ex- .

- periments to sheep and goats {32, 59], and the .
..identification of a single natural case of BSE in

(NPU) in. Edmburgh The VLA has an exper- )

imental BSE-in-sheep- flock in which ‘lambs

1 t ally dosed with 5 g of
from BSE- affected (:attle did not transmlt the - boriito ewes that were orally dosed wi &

BSE-positive cattle brain have succumbed to -

" ¢linical disease [8]. The age:at onset for these '

lambs ranged from 654 to 968 days old. In all -
cases the birth of the lambs occurred within a
few months prior to the onset of clinical dis-
ease in their dams. Thus we have evidence

sheep, albeit in experimental circumstances.

Whether this represents true vertical or peri-
natal infection cannot be ascertained from this
study. A similar but slightly different NPU-
study [36] did not result in transmission, how-

. ever it could not be statistically ruled out.
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