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Table L. (continved).

No.of amimals:  Agéat "

Recxpleut spe- . Route of .Donor Amonnt  TitreinRII Incubation period Key policy outcomes/questions addressed
c:esfgenotype inoculation tisswe () mice™ (if known) .challenged dosing : : :
{where relevant) . ' . .
Sheep - Oral Brain 505, 1397 . 120 3-§ months Ongoing at VLA  Establishes minimum infectious dose of BSE in sheep by
ARQJARQ _ 0.05, oral route, contributing to epidemiology and risk models.
’ - " 0,005, " - Endstage disease is the same regardless of dose (Bellworthy,
0.0005 Teftiey, unpublished data) .
Sheep Oral  Brain 5g 10397 20 each & 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. wibution of infectivity if they are? Is there any evidence of
. carvier state? .
Sheep Oral Brain 5g 10397 ) 30 6months 5691 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 J5g 10397 8 2 weeks 535-824 days Lower age at challenge reduces spread of incubation
ARQVARQ : ' : - period, but does not shorten the minimum’ incubation
period (Bellwortly, unplblished data)
Sheep QOral Brain Sg . 3t ) 5 S months 568665 dnys  Susceptibility andend-stage diseasein particular genotype.
AHQ/ARQ ' Relevant for genotype-based disense controf strategies.
Verification that discriminatory tests work in the genotype.
‘Contribution to BSE “flock” [8}
Sheep Oral Brain S5g 10397 5 6 mmith_s 2 clinical supects - Suscéptibility of porticular genotype. Relevant for geno-
VROIVRQ - : at ] 570 days  type-based disease control strategies. Veritication that dis-
criminetory tests work in the genotype. Contribution to
BSE “flock” [8]
Sheep i.c. Brain 005g N/A 19 (ARQ/ARQY Nia - 495-671 days The ARQ/ARQ, VRQ/VRQ, VRQ/ARQ and ARR/ARR
ARQ/IARQ l 10 {VRQ/VRQ) (ARQ/ARQ)  genotypes of sheep are nll susceptible to infection. with
VRQ/VRQ T 10 (VRQVARQ) 831-1 092 days BSE, with shorter incubation period (by this route) in
VRQ/ARQ N/A (ARQY (VRQ/ARQand 'ARQ/ARQ than other genatypes chaltenged [54]. There
ARQ/ARR - ARRy 7 VRQ/VRQY  were survivars in all genotype groups at the time of publi-
. ARRJARR 19 (ARR/ARRY 1 008-1127  cation. Sheep with resistant PrP genotypes ore susceptible
‘ days (ARR/ to BSE [54]. Potentinlly relevant icu genotype-based
" ARR) disease control strategies
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Table I. {continued).

-

\

Aroount (g)

Titre in RIIE mice* No. of animals chal- Age ot Incubation period  Key policy outcomes/questions

Reeipient species/genc-  Route of inocwla- Donor
typre (where relevant) tion tissue ! (if known) lenged - dosing ] . addressed
Shcep Ihl:mperitonéalf Brain N/A N/A | foreachrouwte ~ N/A 672 daysand- Widespread peripheral tissue involve-
ARQIARQ . _ intrasplenic : . : S 1 444 days . rent, including musclz [9, 72]
Sheep - - Intraperitoneal/ Brain | SmL of 10% " N/A foreachrouie  N/A No clinical BSE-related PrP can accurnulate in
ARR/ARR - intrasplenic i homogenate ’ disease tissues of “scrapie resistant” sheep
- | : without any clinical signs. Evidence
; of potential carrier state? [9, 83]
. ] . . . - .
Goats _ i.c. Brain 0.5 mL of L0% N/A 3 4-6  506-570days Species susceptible [32]. Define end-
. i homogenate . years stage disease [32, 35]
Goats ' QOral Brain ' 50 mlLof 19% N/A 3 2-5  941-t 501 days Speciessusceptible by oral route {one
' - homogenate years survivor) [32). Define end-stage
| disease [32, 35). Discriminatory tests
] ' work in this species {607
Pigs - . iefivdip. Brain (0.5 mis1.2 mL/ " NIA 1o 1=2  69-150 weeks Species susceptible [21]. Define end-
: ) © 8-9mL weeks stage disease {113}
Pigs ' QOral Brain i3 x MBM ration 10>+ 10 7-14 Timekillsat2 Species not susceptible to experimen-
: equivalent for an weeks and 7 years - tal challeoge by this route [113]
' § week old pig
Chicken ieJip. Brain . 50 pl/l mL of N/A 12 1-14  N/A Survived up Species oot susceptible (1 16]
. ) 10% homogenate days 10 Syears
Chicken . Oral Brain -! S5gon3 N/A Lt 46 DN/A Survived up Species not susceptible to éxper'tmem
' ’ occasion ‘weeks to Syears tal challenge by this route {1 16]
Deer - . ic. Brain 0.05g 1033 6 10-12 7941 060 days Species susceptible, Define endstage
) , months  (one still alive) disease (Jeffrey M., personal commu-
i nication)
Drex ' Oral Brain | 25g - 1031 18 46 Timekilis  Is this species susceptible by this
: . ' i weeks rowte? Ongoing, Negative to date -4
:
|

~

years post challenge (Jetfrey M., per-
sonal conumunication)

* Mouse (1.cA. Pp.) units LDg(]/g

anson M., Wells G.A., Parker BIN.I.. Scott A.C., 'Itanamxssxou smdies of BSE in cattle, hamsters, pigs aud domestic fowl, in: Bradley R., Savey M., Marchant B. (Eds.), Sub-
acute spongitorm encephalopathies, Proc. of a seminar ;m the CEC Agricuftural Research Progmmme heid in Bmssalﬂ 12-14 November 1990, Khiwer Academic Publishers, 1991,

pp- 25-32.

% Hawkins S.. Wells G., Austin A. et al-, Comparative efnc:lencle.s of the bioassay of BSE infectivity in cattle and mice, in: Proc. of the Cambridge Healthtech Institute’s 2nd Int.
Transmissible Spongiform Encephulopnthws Conference, 2-3 October 2000, Alexandria, YA, 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 profein, in the
form of meat and bone meal (MBM), by caitle
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 catfle by this route [32, 59, 1i1]
and with. very low challenge doses {117].
_ Transmission to pigs or chickens however was
not achieved by this expenmental route {113,
116].

One difficulty that arises with transmission
experiments is the interpretation of a nega-
tive resnit; does it mean that transmission does
noi 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 pigs by the oral route indicated that there -

nmay be an effective species barrier, but a par-
.. ticular confoundmg factor in this type of study
.is that the infectious “dose” of any challenge
inbculum is difficult to establish objectively.
In most cases, inoculum dtre (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 experimentaliy-
established titre is inevitably relative, and

not necéssarily informative for the recipient -

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

Conversely, a positive result in a transmis-
sion experiment only means that tranismission
‘can ocecur, not that it dees in field condi-
tions. It also leads to further questions. 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

overiooked when comparing disease models”

with field cases. In narural 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 virtally indistingnishable
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 epidemiological 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 material (untreated)
to achieve the best morbidity, since renderiig

has been shown to reduce titre [27, 91, 94-96].

The possible effects of rendering: on the basic

“ biclogical properties of any given TSE strain

are very difficult.to define, and almost impos-
sible to control for in any experimental design.

Tt 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

: Ioglsncal point of view.-

" None of these factors negatcs the data
'emergmg from such experimental studies, as
the siudies 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 tréated to mimic more
closely what is occurring in the field [93].
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 pubhc and animal health. Further stud- - -
"ies can also be implemented, as they were with
- BSE, to investigate hypotheses of the origin of

(page number not for citation purpose) Page 9 of 13



Vet. Res. 3% (2008) 39:34

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 role -
out the possibility of a maternal component

- to transmission [121]. The risk of develop-

ing BSE was slightly increased by being born °

. »to’a dam approaching the-clinical phase of
" “the- disease. Whether it represented génetic
" susceptibibify, iransmission or a combination

of the two could not be determined. How-
ever, mathematical modelling indicated that if
maternal transmission did ocenr, 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-
zontal transmission through close contact also
could not be established from the cohort study.

A Tong-term large-scale experimental study to’

investigate the possibility of vértical transiis-

sion indicated that, “when appropriate sanitary
protocols” were followed, “embryos derived

* from BSE- a.ffected eattle did not transmit the

disease” [124}. - .

Ultimately for BSE in cattle the relauve im-
portance of the role of feed contaminated with
infected MBM was confirmed, and the rélative
absence of evidence for maternal transmission
[23] has enabled effective disease control in-.
tewentlons to be 1mplemented

4., BSE IN SMALL RUMINANTS

The posmve results of oral transmission ex- -
periménts to sheep and goats [32, 59], and the .
identification of a single natural case of BSE in

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 sheép flock; and thirdly, to find an
alternative natural disecase model that can be
studied in the field.

4,1. Direct experimental exposure
‘Transmission of BSE in small ruminants

by blood ranisfusion has heen studied by the
first method. Whilst experimental BSE can be

- transmitted- by whole blood tiansfusion [53],

this probably has moré relevance in the es-
tablishment of a precedent for the protection

of public health in thé context of human-

to-human transmission "[1], rather than as a
potential idgtrogenic route in small ramindnts.
42, Natu:‘al transmission experiments

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

" Laboratories Agency (VLA) and the Institute

for _Animal. Health Neurcpathogenesis Unit
(NPU) in Edinburgh. The VLA has an exper-
imental BSE-in-sheep flock in which lambs
born to ewes that were orally dosed with 5 gof
BSE-positive cattle brain have succumbed to
clinical disease {8]. The age at onset for these
fambs 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 clibical dis-

_ease in theill' dams. Thus we have evidence -
. of natural"transmission of BSE from sheep to.

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

.. ever it could not be statistically ruled out. -

.Page 10 of 18 (page number not for citation purpose) .

330




Transmissibility of TSE — the BSE model

4.3. Alternative disease models

The third method, to find an alternative

natural disease model that can be studied
in the field, is more problematic. Studies of
the natural transmission of the only known
naturally-occurring TSE of small ruminants,
scrapie, might provide a model for BSE in
sheep, should it occur under field conditions.

Both scrapie and experimental BSE in sheep-

have similar clinical signs and they have sim-
ilar diffuse tissue distributions of PrP [34,

35, 59, 115]. If natural ovine BSE is similar .

to experimental ovine BSE, then ovine BSE

‘may potentially behave in a similar manner

to scrapie as far as routes and mechanisms of

_ transmission are concerned.

4.3.1. Scrapie

This is the most extensively studied TSE
model. Several institutions have established,
maintained and recorded naturally infected

‘flocks of sheep in order to study- various as-

pects of scrapie,’ including its ransmission.

These inciude the BNRA Langliade flock of

Romanov sheep, various Instltute for Animal
Health flocks and the VLA scraple-aﬂ"ected
fiock.

Ana! yses of data collected over more than

- & decade from the first of these have pro-

vided epidemiological evidence for both a

maternal and lateral component-of transmis-

sion [22, 99]. Higher relative risks of clinical
scrapie were observed associated with lamb-
ing periods. There was also a reduced risk
of clinical scrapie in artificially-reared lambs
from healthy dams, and an increased risk in
maternally-reared lambs from scrapie-affected
dams. They proposed that transmission may
ocecur within the first 24 h of life with addi-

tional risk for tliose that then continue to share °

the maternal environment (all lambs remained
on their dams for the first 1ntake of colostrum
and then for 24 h).

The Institute for Animal Health flocks have

_ established that, despite earlier contradictory,
» findings [30, 31, 33], true vertical transmis-

sion of ovine scrapie (via the germ-line or in
utero) is improbable {36, 37]. A scrapie-free
flock has been established by embryo-iransfer

(ET) from one with a long-standing scrapie .
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problem. The ET-derived flock has remained
scrapie-free since its establishment in 1996,
even though it has a sirilar PrP genetic profile
to the original flock, Of interest to mecha-
nisms of horizontal/lateral transmission is the
fact that the “clean™ flock was established and

. maintained in a scrapie naive environment; a

parallel ET-derived flock that was maintained
in close proximity to, but separate from, the
original scrapie-affected flock did experience
clinical scrapie cases [37]. Lateral transmis-
sion has also been shown to occur in the
absence of lambing {38].

In the VLA flock it has been shown that
lateral transmission occurs {84) and that ex-
posure to a contaminated environment only is
sufficient to produce disease (Dexter, Tongue,
Bellworthy, unpublished data).

These flocks are managed in a way that
maintains high frequencies of sheep with PrP’ -
genotypes at high risk of developmg clinical
disease. Thus with a high incidence of clini-
cal disease and high infections load, they also
provide contralled environments in which to,
study the pathogenesis of naturally acquired -
disease. They effectively counter the difficul-
ties of studying a disease that occurs at a
low flock-level incidence, however it must
be recognised that whilst they provide evi-
dence for routes and mechanisms of natural
transmission and estimates of transmission pa-
rameters, they are probably not representative
of any but the most heavily affected (worst-
case scenario) commercial flocks. They. are
also limited in the range of breeds present,
and (potentially) in the nmumber of different -
scrapie isolates/strains. present. These flocks
may mimic natural exposure, but at a level that
no commercial flock-owner woukd bé able to
tolerate and remain as an economically viable
unit. Because of this the relative importance
of different components of transmission may
vary in commercial feld flocks and trerefore
intervention measures may:have different out-
comes. These institutionalised research flocks.
therefore, act as an important bridge between
the artificial exposure — natural route transmis-
sion experiments — and the trug field s1tuat10n

. A variety of experimental studies using
the approaches outlined above have provided

{page number not for citation prurpose) Page 11 of 18
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evidence for possible routes of transmission

. of scrapie. PrP% has been found in tissues

" that could be involved in the natural dissem-
ination of the infectious agent i.e., routes that
could lead to exit of the infectious agent from
the animal, and result in either environmen-
tal contamination or direct transmission. These
tissues inciude the Jympho-reticular system of
the gut [40, 103, 115], chronically inflamed
mammary tissue associated with lymphocyc-
tic mastitis [73], kidney tissue [90], salivary
glands [104], nictitating membrane [77], and
placentae {2, 81, 101].

For the majority of these tissues, evidence
of infectivity or the presence of PrP* in asso-
ciated secretions and excretions is still elusive
for scrapie in small ruminants. The exception

. is Dlood [55]. Although experimental blood
transfusions have resulted in clinical scrapie
{55], just as with BSE, it is unlikely to play a
major role: blood transfusions are not regular

. oceurrences in sheep veterinary practice.

On the other hand, not only has PrPS and
. infectivity been demenstrated in placentae [3,
81, 1017, but it has also been shown to pro-
- duce clinical scrapie when administered orally
to sheep [78, 79). This was propoesed by the au-
. thors as a mechanism for lateral transmission
from ewe to ewe at lambing time. Placenta has
also been cited as a possible explanation for
some of the epidemiological findings thought
‘to be ‘associated with mechanisms of mater-
nal transmission [74], although much of the
epidemiological evidence may also be inter-

preted as a contribution to transmission via
the -lateral .route, especially that of environ-
mental contamination. For example, there are
* reduced. odds of ever becoming a scrapie-
. affected flock if the flock somefimes lambs
- in different pIaces compared to those flocks
that always lamb in the same place [74]; there
is decreased risk of disease associated with
lambing in individual pens {75], and there
were increased odds for scrapie-positive status
of a flock that was found to be associated with
failure to.remove placenta from bedding along
with its disposal in compost.
" Epidemiological cross-sectional [74, 75].
and case-control studies [47, 51, 80] have pro-
* vided supporting evidence for the role of var-

Page 12 of 18 (page nimber not for citation Apurposé)
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ious allied management practices in the trans-
mission of scrapie in the field. So far they lack
the consisiency and specifics necessary for
the development of appropriate intervention
measures. The scrapie literature does however
illustrate how the different types of investi-
gations into aspects of transmission, and the
different disciplines, are complementary. Ex-
perimental studies of transmission routes and

- epidemioclogical studies of risk factors are in-

trinsically linked in a positive feedback loop,
each informing the other. -

a '4.3.2. Chronic wasting disease

The other naturally. occurring TSE, CWD
of deer is probably less relevant ak a model
for BSE in small ruminants, has been recently
reviewed elsewhere [123] and is covered by
Sigurdson in this special issue [89].

" 4.3.3. Other disease models

Host-specific experimental stdies in large
animals are expensive and do take time to pro-
duce results. The former means that they are
difficult to fund. The latter means -that they

"may have to be run in parallel with other

experiments, often with more start-up assump-
tions than desirable, rather than in a logical
step-wise order following on from previous
findings.  They are, however, of paramount
importance. They provide an opportunity to
study the disease in the original host species;
they can be comparable across studies, if stan-
__.dardised pnotoc;le are_used, and_they elimi- .
nate the noise of variability, the. difficulties of
loss to follow-up and the potential biases that
are experienced with epidemiological studies.
To -counter the: time and resource limitations,
. other models have been sought,

The role of hamsters, mice, the burgeoning
range of murine transgenes and other models
such as volesisa large subject in-its own right,
and is covered by Groschup and Buschmann
in this special issue [44] and elsewhere [28,

431, In the past such models have been use-
- ful 12, 13], but they also have limitations.

For example, laboratory wild-type miice can-’
not replace the original donor species due to
the species- fransmission barfier and to their
different biology and physmlo y compared
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-

to ruminants. The former has been addressed
with the advent of transgenic mice, the latter
is insurmountable. Even these do not replicate
reality, and the interpretation and extrapolation
of any results back to the donor/host-species
needs to be'a considered, objective process.
For example, data from different transgenic
mouse lines are not directly comparable, even
-between lines which have a common transgene
{16, 105).

5. PUBLIC HEALTH

The vltimate question of whether a TSE has
implications for public health - i.e. is trans-
missible to man — is difficult to address in the
absence of transmission éxperiments on peo-

* ple. The most appropriate alternative is to use

non-human primates [48, 67, 68, 70] which.

have indicated that BSE transmnits with a end-
stage disease indistinguishable from variant
Creutzfeldt-Jacob disease (vCID). However
these experiments are limited by ethical con-
* straints. Here the development of transgenic
mice has been of, prospective value, but at
the same time, ¢an be misleading, For exam-
ple, mice with a single copy of the human
PrP gene were not susceptible experlmenta}ly

to BSE [10] while at the same time, epi- -

demiological and strain-typing studies were
producing a very strong body of circumstan-
tial evidence that vCJD was a consequence of
BSE infection in man. The inevitable limita-
- tion of such transgenic mice is that only one
human gene is present in the mode), and dis-
ease susceptibility and incubation periced are

inevitably ‘multi-factorial. Transgenic mouse -

models which overexpress human PrP-are also
available, and they are highly susceptible to
BSE [7, 15, 65, 106] but-these may not be a
true indicator of susceptibility in humans. De-
“tailed discussion of these models is outwith the
. scope of this paper and is covered in-detail by
_ Groschup and Buschmann in this special issue
[44]..

6. REMA].N]NG CH_ALLENCES

Many challenges reinain even when a
spongiform encephalopathry has been identi-
fied as.transmissible. and when routes and
mechanisms have been proposed.
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What are the effects of repeated low dose

. exposure? What happens when there is inter-

current disease? How do PrP genetics infiu-
ence the fransmission process? Is any apparent
reduction in susceptibility actually an effect
of incubation penod prolongation io beyond
the natural lifespan? What is the implication
of carrier statefsubclinical disease for disease
control and health? How can we detect ani-
mals in the early stage of disease incubation —
a phase “silent” to current investigative tools?

For BSE and scrapie some of these ques-
tions have been addressed partially [39, 42,
45, 49, 56, 61]. It is possible that for novel
TSE many of these questions will remain

. nnanswered or unpursued, except by the most

determined of researchers after the funding,
stimulated by the public health and political
aspects of BSE and vCID, has dwindled.
Perhaps the "greatest commdrum for re-
searchers faced with a new TSE'in a species
or'a TSE in a species in which ithas tiot p1 evi-
ously been describéd, is whether itis “new™, or
merely “newly observed”. This is a particular
issue for BSE, should it be found in the sheep
population. ‘With much speculation over the
years that scrapie could be the origin of BSE, it

- might not be too surpnsmg if a-detailed study

of scrapie isolates révealed one with BSE-like
characteristics. A number of studies in the UK
and elsewhere [19, 66, 82] have taken a direct
approach to this question by looking at the ex-

.perimental phenotype in cattle experimentally

challenged with scrapie isolates, but the diver-
sity of scrapie isolates precludes this approach
being exhaustive.

Given that no onetype of study can provide

- all the details or all the answers tequired, and

because of the constraints implicit in each type .
of study, it is important that researchers re-
spect and integrate the work from other areas,
are rigorous, do not overestimate their find-
ings despite various pressures to do so, and are
honest: both in the preseatation of their find-
ings and in the value of the outcomes. Some of

‘those interested in pure science may dlsparacre o

stdies that they deem to be of low scientific
merit, but which are actually of high value to
those involved in policy and dec1smn—makmo :

" equally some work of high scientific merit may
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