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Risk analysis and the importation of animals
and animal products

S.C. MicDIARMID *

Sammary: Importation of animals or animal products cannot take place
without some element of risk. Risk analysis is a blend of art and science and is a
tool intended to provide decision-makers with an objective, repeatable and
defensible assessmeni of the risks posed by a particular import proposal. Risk
analysis comprises risk identification, risk assessment, risk management and
risk communication. Examples are presented of risk analysis involving anthrax
in green hides, slow virus diseases and sheep embryos, and Office International
des Epizooties List A diseases and embryos. The author proposes that, by
sharing methodologies, quarentine services should be able to harmonise
approaches to the problem of risk analysis.

KEYWORDS: Anthrax — Embryo transfer — List A diseases ~ Maedi-visna -
Quarantine - Risk analysis - Risk assessment - Scrapie.

INTRODUCTION

Risk analysis is a tool intended to provide decision-makers with an objective,

mepeatable and defensible assessment of the risks posed by a particular import proposal.

process of risk analysis can be made transparent so that interested parties in the
ing country or authorities in the exporting country can, if required. be provided
the documented basis on which the proposal is accepted or declined.

When analysing the risks associated with a proposed importation of animals or
imal products. it must be remembered that such imports cannot be made without
element of risk. The benefits of the imports often accrue to only a relatively small
of people. usually the entrepreneurs, initial importers and distributors of the new
ic material (1). The risks, on the other hand. are borne by a much broader group
includes all livestock owners whose animals could be infected with an exotic
agent as well as the general public. who may be expected to bear the cost of
taining and eradicating an outbreak of exotic disease. For these reasons. a risk

is may include a cost/benefit analysis of the proposed importation. The policy of
New Zealand Ministry of Agriculture is that every citizen has the right to import
the risk to agricultural security precludes importation. Such a policy presupposes
the quarantine service is charged with making judgements about the risks, and
ore the costs which may be imposed on the agricultural community, but does not
#judgement on what are commercial decisions.

* Minnstry of Agriculture and Fisheries. P.O. Box 2526. Wellington. New Zealand.
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In determining whether or not lo aliow a proposed import to proceed. the quarantine
service identifies the risks involved. attempts to quantify these risks and then designs a
serics of safeguards sufficient to reduce the risk to an acceptable level.

ANALYSIS OF RISK

Risk. as it relates to the importation of animals or animal products, is a measure of
the probability of the introduction of an exotic disease and the seriousness of such an
outcome. Risk amalysis is a blend of art and science. and comprises risk identification,
risk assessment. risk management and risk communication.

in any risk analysis, it is important that risk identification be carried out adequately.
If a particular risk is not identified. steps to reduce this risk cannot be formulated. Many
failures of quarantine are attributable to a failure of risk identification rather than of
risk assessment or risk management. In evaluating a proposal to import animals or
animal products. the first step is to draw up a comprehensive list of all the pathogens
which could be associated with the species or commodity under consideration, and then
identify the possible routes by which these pathogens could come into contact with
susceptibie animals in the importing country.

Risk assessment is the process of estimating. as objectively as possible, the
probability that an importation would result in the entry of an exotic disease agent and
that local livestock would be exposed to the agent. Risk assessment ought to examine
the effect of the introduction of an exotic disease. However, very few studies of this
nature have been performed anywhere.

Risk mamagement is the process of identifying and implementing measures
which can be applied to reduce risk 1o an acceptable level and documenting the final
import decision.

Risk communication is the process by which the results of risk assessment and
risk management are communicated 1o decision-makers and the public. Adequate rt
communication is essential in explaining official policies to stakeholders (such
established livestock indusiry groups) who are often aware of the risks but
the benefits of importations. Risk communication must also be a two-way process, wi
the concerns of stakehotders being heard by officials and addressed adequately.

Having identified the possibie risks posed by a proposed importation. the next
in risk analysis is an assessment of the risk entailed by an unrestricted importatioa
the animals or animal products under consideration. Risk assessment takes into
the prevalence of pathogens in the source population. the probability of path
surviving in the animal or product during the process of importation. the probability
the pathogen coming into contact with local livestock after importation and
seriousness of such contact.

There is a substantial body of information on the survival of pathogens in
animal products (in meat. for example [10]) and. theoretically, each of the other f.
should be amenable to being quantified in a similar objective and scientific fashion.
reality. it is often not possible to quantify these factors adequately at present. Much 1
asscssment is ultimately based on guesswork and is thus potentially controversial
open to challenge from either domestic interest groups or overseas trading partners.

miccted animal in an importation increases with the
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appliz ;:zr:';‘)ilren cznb;: prowd§d bya serological test which has a sensitivity of 0.95 when

i ;d::l“e:l‘zid with a particular disease agent. The probability of I:nissing a

e et Py 1s 0.05. Howeyer, the predictive value of a diagnostic test is
on of the prevalence of infection in the population under test. The

probability that an animal which yi i i i
Ptected is saloutamy oo mal w (lu):ylclds negative results in a given test is actually

p(l-s)
p(l-s)+(1-p)e

y o{an animal which has given negative results in the test
P = true prevalence: ¢ = specificity of the test; and

P(IIN) =
) [Equation 1]
where P(I|N) = probabilit
actually being infected;
5 = test sensitivity.

In matters of quarantine, the b i
> . exclusion of animals giving “false positive™ i
mozf (ltl:a]or concern; therefore it will be assn.lmed.g for lhepzﬂ:::sc:ezlf“:;!s
prse tcst,-n eataspeat_v ﬁqu (e)=1.Witha test qf sensitivity (s) = 0.95, the probability ofl:
e st %at:lcelalntucr;al;ec(uallyhbcmg infected varies with prevalence (p) as
ed ir . n be seen that as the prevalence of infection i
population increases, the probability of a given test-negative animatl b:sli]n:iensf:'cltr:;

also increases.
TapLE]
Probability that an animal whick gi i
F g " Nich gives negative results in disease testi
is actually infected with the disease agent, given a test semsitivity ofc:).;'.g
aad a specificity of I
Pre L
valewce Probability (I|N)
0.01 5.05x10-4
g.os 2.62x1073
041 552x 1073
2 1.23x 10-2

Probability (I[[N): probability of an infected animal (I) given a negative result (N)

Simi .
imilarly, at any given prevalence, the probability of including a test-negative

number of animals in the group to

imported. The probability of including even one test-negative infected animal (c)ina

of n animals can be calculated thus (11):

probability (¢ >1IN) = 1 - .&" n
(I-plesp(i-s)

The effect of i i i i
of increasing the size of the group destined for import is illustrated in Table II.

[Equation 2].
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Probability that an animal which gives negative results in disease testing
and is actually infected with the disease agent will be included in a group
destined for import (disease prevalence = 0.01, test semsitivity = 0.95,
test specificity = 1, entire group tested)

. # reactor

. Reactor animmal _S-gle

No: of animals only excluded disqualifies group:

n growp Probability (2LIN) | ToURDNtY of mo fest

100 492x 1072 5.00x 102
200 9.61x 102 250x 1073
300 141 %107} 1.25x 1074
400 183x 107! 6.25x 108
500 223x 107! 3.13x10°7

Probability (c 21[N): probability of a number of infected but test-negative animals (¢}
being equal to o greater than 1. given a negative test result (N)

With some diseases. a policy decision may be taken that a positive test result will
disqualify only the individual animal which reacted positively to the test. The risks invotved
in adopting such a policy are illustrated by the above examples (Tables |
and 11). However. with some other diseases (often Office International des Epizooties
[OIE] List A diseases). it may be decided that a positive test result in any one animal will
disqualify the entire group intended for importation. In such cases. the probability of
disqualifying an infected group increases as disease prevalence and/or the size of the group
increases. The probability of a given test failing to detect at least one test-positive animal in
an infected group (B), thus identifying the group as infected. can be calculated as follows (8):

B=(1—ts/m)P" |Equation 3]
where t is the number of animals from the group which are tested.

The difference in risk between the two policies is illustrated in Table 11. It can be seen
that where the presence of a single reactor animal disqualifies the entire group destined
for export. rather than the reactor animal alone. the risk of an infected animal being
imported is significantly reduced.

Whether a positive result in a particular test disqualifies only the affected individual
or the whole importation, the risks of importing unwanted disease can be further
reduced by imposing a series of safeguards. When a series of safeguards is applied to
an importation, it may be relatively easy to quantifly the amount by which the risk
is reduced. even if consemsus on the magnitude of the initial, unrestricted risk cannot
be attaimed.

At this point. it is appropriate to look at some examples of risk analysis.

RISK OF INTRODUCING ANTHRAX BY IMPORTING GREENHIDES

In reviewing the conditions governing the importation of hides and skins into New
Zealand. Harkness (7) outlined an approach to assessing the risk of intreducing anthrax

L
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through the importation of green hides from Australia. The method used was basedon a
system which was developed in Australia to assess the risk of introducing transmissible
gastroenteritis of swine in pig meat, and which was outlined in a recent New Zealand
publication (10).

PROBABILITY OF ANTHRAX INTRODUCTION

The annual probability (T) of anthrax introduction via the medium of unprocessed
hides is related to the probability (p) that a hide contains anthrax spores and to the
number of occasions (m) on which susceptible animals are exposed to contact with those
spores. The number of occasions on which contact with spores causes infection follows a
binomial distribution. so that the chance of introduction of infection is as follows:

T=1-(1-p)*

However. when T is small (e.g. less than 0.001) the above expression approximates to
the following:

T=pn
which simplifies the interpretation of the estimate of T.

This is the basis of the present estimates.
Probability of presence of authrax spores
The following assumption is also made:
p=ise
where:

— iis the probability that an Australian animal was infected with anthrax at the time
of slaughter

(The average number of officially confirmed cases of anthrax between 1970 and 1981
was 19 per year [range 9-42] and, without reference to the continuing decline in case -
numbers over many years, the maximum expected incidence was calculated at 40 cases
per year. Total slaughterings of sheep and catile in Australia in 1989-1990 were
approximately 40.23 million, a figure which has been stable since 1980-1981 [range
37.2-42.3 miliion). The value of i was therefore estimated at 40 + 40.23 million =
0.000000994 or 9.94 x 10~7.)

— sis the proportion of spore infectivity surviving pre-export handling

(Since the spores of the anthrax bacillus are extremely resistant 1o adverse
environmental conditions and survival rates are considered to be very high, s was
estimated at 90% [range 75-95%];s =0.9.)

- e s the proportion of green Australian hides among all rawstock processed in
New Zealand

(Approximately 38.4 million sheep and 3.1 million cattle are slaughtered in
New Zealand annually, an estimated 31% of hides and skins produced in New Zealand
are processed in the country, amounting to 13.5 million pieces annually. The estimated
annual import volume of green skins from Australia is 0.92 million [range
0.90-1.40 million]. Thus e was estimated at 0.92 million + 13.5 million = 0.068.)
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Therefore p was estimated as:
0.068 x 0.9 x 0.000000994 = 0.000000061 or 6.1 x 108
Exposure of susceptible animals

The number of occasions per year on which susceptible animals are exposed to
contact with anthrax spores was calculated as follows:

=gl

where:
- gis the number of officially approved tanneries in New Zealand
(g = 23: Ministry of Agriculture and Fisheries records.)

- tis the proportion of approved tanneries operating with a risk of contaminating
pasture by wastewater during flood periods

(No satisfactory information was available when the assessment was made. Waste
drainage is controlled by local authorities under the appropriate legislation. The
estimated proportion presenting risk was 10-20%. therefore t was assumed = 0.2.)

_ vis the average number of days per year on which flooding occurs on pasture
downstream of lanneries

(estimated range was 20-30 days per annum, 5o v = 25)
_ [is the probability of processing contaminated material during flood periods

(calculated as average number of days of flooding divided by days worked,
approximately 25 + 235. Therefore f=0.11).

Therefore m was estimated as 23x02x25 x0.11 = 12.65.

The calculations therefore suggest that the probability of introducing anthrax in any
one year is:

T =0.000000061 x 12.65
= 0.000000923 o1 7.72 % 1077

(i.c.less thanone in a million).

The risk is likely to be even lower when one considers that the probability of
livestock encountering the anthrax organism on any contaminated pasture is less than
1 and that pre- and post-mortem inspection at Australian abattoirs is highly effective in
preventing anthrax cases being processed for their hides.

The weakness of a deterministic model such as this is that it does not give the decision-
maker any indication of the umcertamty of the risk estimate. As most of the variables are
only estimates of what is most tikely, the “real” risk estimale will be shrouded in
uncertainty. A simulation model. using a computer software programme such as @Risk
(Palisade Corporation, Newfield. New York. United States of America [USA]) allows
each of the variables to be represented as a range of values and then, by a series of
iterative calculations, presents the final risk estimate as a probability distribution. An
example of the type of graphic representation of risk produced by @Risk is shown in
Figure 1. This example was generated by @Risk from a spreadsheet model which was
based. with minor modifications, on the anthrax risk assessment described above.

Loy
Expected
Result=
1971839 ORISK Simulation Samp 1 ing= Monte Car lo
ANN RISK #TrialsW00
100

80% T -

60% ]

A0%T"

<« - - -—-@m>»oOWODTV

20% |

-1 - .2 .35 .S .65 .8 .95 1.1
vaiues 1n 10~-6 (in Cell A:F124)

FiG.1

Awﬁusﬁg&ew“mﬂmmekﬂﬂmm
NewﬁeH,NewYotk,USA)oﬂhec—dsﬁvcriskofinod-cigmm'-gue-hida
from Australia (see text for jons)

In the example shown there is a 99% probability that the annual risk
is less than 0.8 per million

Even when the question of uncertainty has been addressed, the risk assessment is not
complete. A semsitivity amalysis must be carried out. This involves replacing each
variable with a single, most likely vaiue and then increasing each variable in turn by a
factor of ten to identify the most critical variables. By identifying the steps in the
assessment which have the greatest effect on the final risk estimate, attention can be
focused on obtaining better information or designing risk reduction measures.

REDUCING THE RISK OF INTRODUCING MAEDI-VISNA

Maedi-visna and the closely-related ovine progressive pneumonia are retrovirus
infections of sheep which are present in many, if not most, sheep-rearing countries.
A series of safeguards can be imposed 10 ensure that these retrovirus infections are not
introduced with the impontation of new sheep bloodlines (9).

In common with other retrovirus infections, maedi-visna has a prolonged period
between infection and seroconversion. Seroconversion may take many months.
However, the serological tests available have relatively high sensitivity and are
reasonably reliable in animals over twelve months of age. It is likely that up to 5% of
infected sheep fail to seroconvert.
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Studies on the transmission of maedi-visna virus by embryo transfer have not yet
been published. However, a very small study with the closely-related virus of caprine
arthritis encephalitis failed 10 demonstrate transmission of infection. A large number of
studies have shown that another retrovirus, enzootic bovine leukosis {EBL) virus. is not
transmitted along with embryo transfers and, as the maedi-visna virus and EBL virus
are both almost entirely cell-associated. it is valid to assume that the risk of transmitting
maedi-visna virus is similarly remote.

In this general discussion. it will be assumed that the initial risk P(I) is unknown,
ie. P(I)= X.

The first safeguard (S,) is a serological test {(enzyme-linked immunosorbent assay
[ELISA]) for evidence of maedi-visna infection in the donor ewe. The probability that
this test will detect infection in animals over 12 months of age is taken as 0.95; therefore
S, =0.05and:

P(lidonor ELISA negative|l)xP(1) = 0.05X.

The second safeguard (S,) is embryo transfer. By analogy with EBL (see above), for
which over 2.000 embryo transfers from infected donors have been made without
transmitting infection, it is 95% certain that embryo transfers will not transmit the
disease in more than 0.26% of transfers (4). Therefore, S, = 0.0026 and:

P(transmission via embryo transferll N donor ELISA negative)xP(1) = 0.00013X.

{ A simplification has been made in the calculations at this point. It is usual that each
donor produces a number of embryos, several of which may develop into lambs. Should
a donor be infected with maedi-visna. the likelihood of discase transmission increases
with an increase in number of offspring. However. the more infected offspring which are
born in quarantine. the greater the probability of at least one of these offspring
seroconverting before the termination of quarantine.)

The third safeguard (S,) against introducing maedi-visna would be to hold the lambs
produced from the embryo transfers in quarantine and test them serologically when
they are more than two years old. The probability of infected sheep seroconverting in
two vears is greater than 0.9. Therefore. S, = 0.1 and:

P(offspring ELISA negative at 2 years of age]ll n donor ELISA negative N
transmission via embryo transfer)xP(I) = 0.000013X.

It can be seen that even if the prevalence of maedi-visna is high in the donor flock,
the risk of introducing the disease is very slight and depends on which of the two policies
referred to above is adopted. If one disqualifies only those offspring which seroconvert,
but permits seronegative flock mates to be released from quarantine, the risk of
introducing maedi-visna would be less than 1 in 100,000 sheep, even if 50% of the donor
flock were infected. The risk would be significantly less if a single seropositive offspring
disqualified the entire group.

LIST A DISEASES AND EMBRYO TRANSFERS

Many countries operate a quarantine policy of excluding an entire importation if
any individual within the consignment gives a positive result in a test for one of the
OIE List A diseases.
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By taking into account factors such as sensitivity of the diagnostic test on the herd or
flock of origin and on embryo-derived progeny, and the probability of the disease being
transferred along with the embryo, an estimation can be made of the risk of allowing an
infected but test-negative embryo-derived import to leave a quarantine programme.

Equation 3, which is based on the hypergeometric distribution, modified to take into
account test sensilivity, can be rearranged (8) to calculate the minimum prevalence of
true infection (p) which must be present in a herd for a given test to identify at least one
test-positive animat with a nominated confidence level equal to (1-8):

p =log B_/nlog (1 - s/n) [Equation 4].

In other words, if the test procedure detects no test-positive animals in a sample of
size t from a herd/flock of size n, then at confidence level (1-8 ). it can be said that the
herd/flock is free of infection or has a prevalence less than p (8).

Table 111 shows how one may calculate the risk of a particular List A disease entering
a country through an importation based on an embryo transfer programme and a policy
of a single test-positive animal disqualifying the entire shipment.

Values for size of herd/flock, test sensitivity, number of donors, average number of
offspring per donor and probability of transmitting disease by embryo transfer are ail
hypothetical in this example (Table I1I).

REDUCING THE RISK OF INTRODUCING SCRAFPIE

Other than cases of scrapie in imported sheep in 1952-1954 and 1976-1977, New
Zealand has remained free of the disease. Apart from some importations from
Australia, which is also scrapie-free, the release {rom quarantine of Scandinavian-origin
sheep in late 1990 was the first infusion of new genetic materiai into the New Zealand
sheep population in over 40 years.

The Scandinavian imports were from countries which are free of scrapie {Denmark
and Finland). However. interest has been expressed in importing bloodlines from
countries where scrapie is present. and the New Zealand Ministry of Agriculture and
Fisheries has proposed an importation strategy based on embryo transfer, bioassay
of donor animal lymph node material inoculated into young goats, and a pericd of
quarantine for the embryo-derived offspring. This chain of safeguards is seen as
providing adequate assurances against the introduction of scrapie (9).

An assessment of the risk of introducing scrapie in a hypothetical importation
programme is outlined in Table IV. For discussion purposes, the prevalence of scrapie
within the donor flock is assumed 1o be 0.1. This is a hypothetical answer to the question
“At what prevalence could scrapie be present in the flock and still escape detection?”
Hypothetical values for the number of donors in the programme and the average
number of offspring per donor are used as examples.

The first safeguard addressed in Table IV is embryo transfer. While some studies
have indicated that transfer of washed embryos is unlikely to transmit scrapie (2, 5). a
recent study has demonstrated transmission of scrapie in some transfers of unwashed
embryos (6). Embryo transfer must be viewed as a risk-reducing measure, rather than
an absolute barrier to the introduction of scrapie. For the purposes of this discussion.
the probability of transmitting the disease along with embryo transfer is taken as 0.2
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Tasee 111
Risk of a disease being introduced by an embryo transfer programme with a policy

whereby a single embryo giving positive results in testing for the disease
disqualifies the entire shipment

Assumptions: Negalive test on herd/flock of origin
Embryos imported
Offspring quarantined
Recipients slaughtered
Single case disqualifies entire import

Size of herd/Mlock of origin (N) = 300
Number tested (t) = 300
Sensitivity of test in herdfflock (s) = 09
Nominated confidence level = 095
Therefore probability of test failing to detect at least one paositive animal

in an infected group (B) = 0.05
Maximum prevalence (p) to escape detection = logB/Nlog(1-ts/N) = 0.0043
Number of donors {(n} = 50
Average number of offspring per donor (m) = 4
Probability of transmitting disease by embryo transfer = 001
Sensitivity of test on progeny = 09
Proportion of donors which are nfected (pD) = 0.0043
Proportion of donors which are mot infected (gD) = 0.9957
Proportion of progeny from infected donors which are infected (pE) = 0.01
Proportion of progeny from infected donors which are mot infected (qE) = 099
Proportion of infected progeny which test positive (pC) = 090
Proportion of infected progeny which test negative (qC) = 0.10
Probability of 0 infected animals among progeny = (qD+pD[qE]™}" = 0.9915
Probability of 1 or more infected animals among progeny =

1-{qD+pD{qE]"}" = 0.0085
Probability of 0 reactors among progeny = {qD+pD{qE+pE(QC)]™|" = 0.9923
Probability of 1 or more reactors among progeny =

1-{gD+pD{qE+pE(GO)]"™I" = 0.0077
Probability of 0 infected animals in group of animals giving negative

test results = ({qD+pD[qE]*)/ [qD+pDIqE+pEqC]™})" = 0.9992
l’robabiyollor-ore‘-leded-'—ah'-mol-'mkgiv'-gnpﬁve

test results = 1-(lqD+pDIqEI™)/ (qD+pDIqE+pEqCI™)" = 0.0008
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) TABLEIV
Risk of scrapie being introduced by an embryo transfer programme incorporating
bioassay on donor ewes
Asssmptions: Embryos imported
Offspring quarantined
Recipients slaughtered

Lymph nodes from donors bicassayed in goats
Single case in quarantine disqualifies entire programme

Putative prevalence of scrapie in donor flock {p) = 0.1
Number of donors (n) = 50
Average number of offspring per donor (m)= 1
Probability of transmitting scrapie by embryo transfer = 020
Length of quarantine in years = 5
Probability of scrapie manifesting during this period = 0.76
Number of donor ewes per pool for bioassay (¢} = 3
Number of sentinel goats inoculated per pool (g) = 3
Probability of transmitting scrapie via bicassay = 0.80
Probability that scrapie will manifest during bioassay period (d) = 090*
Probabilityofat\castoneofedonorsbeing infected = 1(1-p)*=x= 02710 -
Probability that none of the g goats inoculated manifests

scrapie = (1-td)f =y = 0.0220
Probability that at least one donor is infected bt escapes detection =

xy/(14xy—x) =2 = 0.0081
Posterior probability p’ approximates to 2/e = 0.0027
Therefore proportion of donors which could be infected (pD) = 00027
Proportion of donors which are wot infected (qD) = 0.9973
Proportion of progeny from infected donors which are infected (pE) = 02
Proportion of progeny from infected donors which are mot infected (QE) = 08
Proportion of infected animals with clinical signs (pC) = 0.76
Proportion of infected animals without clinica! signs (qC) = 024
Probability of 0 infected animals among progeny ={qD+pD[qE™|" = 09734
Probability of 1 or more infected animals among progeny =

1-|qD+pD{qE}™|" = 0.0266
Probability of 0 dlinical cases among progeny ={qD+pD[qE+pE(QO)"}* = 0.9797
Probability of 1 or more clinical cases among progeny =

1-{qD+pD{qE+pE(QC)™I" = 0.0203
Probability of 0 infected animals in clinically-negative group =

(1qD+pD{qE]™}/ (qD+pD{qE+pEQCT™)” = 0.9935

of 1 or more infected snimals in clinically-negative group =
1-(lqD+pDIE]®)/ [qD+pD{qE+pEqCI™" = 0065

* equivalent to sensitivity of test
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The second safeguard is a five-year quarantine period for the embryo-derived
offspring. Information from a number of sources indicates that at least 76% of sheep
with scrapie exhibit signs of the disease before five years of age (3, 12, 13). This figure is
used in Table IV 10 calculate the proportion of infected animals (0.24) which would not
show clinical signs of disease within a five-year quarantine period.

The third safeguard in the scrapie quarantine programme is a bioassay using young
goats inoculated intracerebrally and intraperitoneally with a 10% homogenate of
mesenteric lymph nodes coliected from the embryo donor sheep. If scrapie agent [
present in the embryo donors. the probability of transmitting the disease to a sentinel
goat is 0.80 and the probability of the goat exhibiting clinical scrapie during the
observation period is 0.90 (9). These values appear in Table 1V.

Tissue samples from a number of donor ewes are pooled for the bioassay. In Table I'V.
a figure of three donors per pool is used. In the past. New Zealand programmes have
used this figure and three sentinel goats have been inoculated with homogenate from
each tissue pool.

In Table 1V, the number of donors per pool. the number of sentinels per pool. the
probability of transmitling scrapie by this method and the probability of the sentinel
goats manifesting scrapie are used to calculate a posterior probability for the prevalence
in the donor flock. In the example used, if no sentinel exhibits signs of scrapie,
it is estimated that the probability of the donors being infected would not have
exceeded 0.0027.

This value is then used in a fashion similar to the way in which the maximum
prevalence estimate in Table I11 was used. By performing a similar series of calculations,
a final estimate is obtained for the probability that one or more infected offspring will be
present in a clinically normal group at the end of the quarantine and bioassay
observation period.

As in the example of anthrax in green hides. the risk assessment calculations in
Tables 111 and [V must be subjected to sensitivity analysis before decisions are made on
the basis of the results. The use of the programme @Risk will also be helpful in
addressing the uncertainty surrounding each variable and hence the final risk estimate.

“ACCEPTABLE” RISK

Even in situations where the risk from unrestricted entry can be quantified
objectively and little controversy surrounds the calculation of the extent to which
safeguards reduce this risk. it may be difficult to reach agreement on what constitutes an
acceptable risk. A figure which denotes an acceptable business risk 1o the entreprencur
may be quite unacceptable to the represcntatives of the established livestock industries.

In addition. risk is proportional to the volume of imports. The effect which the size of
an importation has on risk is mentioned abave. It can be seen that where a policy of

excluding only reactor animals is practised. risk increases in proportion to either the size
of a shipment or the number of shipments.

On the other hand. while a policy of excluding an entire shipment on the basis of
even a single reactor results in a reduced risk with larger shipments. an importer could
protect his or her investment by splitting a large importation into several smaller
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shipments. While this would reduce the financial risk taken by the importer, it would
increase the risk of exposing the importing country to exotic disease.

The discipline of risk analysis, as applied to the importation of animals and animal
products, is still in the initial stages of development. Risk can be calculated per animal,
per shipment or on an annual basis. It will be some time before general agreement can
be reached regarding what constitutes “acceptable™ risk. However, by sharing
methodologies, quarantine services should be able 1o harmonise approaches to the
problem of risk analysis and obtain mutual understanding of different individual
concerns, even when significant disagreement remains over the acceptable level of risk.
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LANALYSE DES RISQUES LIES A L'IMPORTATION D'ANIMAUX ET DE
PRODUITS D’ORIGINE ANIMALE. - §.C. MacDiarmid.

Résumé : L'importation d’animaux ou de produits d'origine animale comporie
nécessairement un certain risque. Alliant U'art et la science, l'analyse des risques
constitue pour les décideurs une méthode objective, reproductible et justifiée
d'évaluation des risques liés & un projet d'importation donné. L’analyse des
risques comprend Uidentification des risq I'évaluation des risq la gesti
des risques et les échanges d'informations concernant les risques. L'auteur
donne des exemples d'analyse des risques appliquée au charbon bactéridien
pour les peaux vertes, aux maladies d virus lenis pour les embryons d'ovins. ainsi
qu’aux maladies de la Liste A de FOffice internaiional des épizooties pour les
embryons en général. En combinant leurs méthodes, les services de quarantaine
devraient pouvoir, selon 'auteur, harmoniser leurs approches du probléme de
["'analyse des risques.

MOTS-CLES : Analyse des risques — Charbon bactéridien — Evaluation des
risques — Maedi-visna - Maladies de la Liste A — Quarantaine - Transfert
d’'embryons — Tremblante.
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ANALISIS DE RIESGOS E IMPORTACION DE ANIMALES Y DE PRODUCTOS DE
ORIGEN ANIMAL. - $.C. MacDiarmid.
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Resumen: La importacion de animales o de productos de origen animal
comporta ciertos factores de riesgo. Arte ¥ ciencia, el andlisis de riesgos
constituye para las autoridades responsables un método objetivo. reproducible
v justificado para evaluar los riesgos que puede representar un proyecio de
importacién determinado. El andlisis de riesgos comprende los siguientes
aspecios: identificacidn de riesgos, evaluacion de riesgos, gestion de riesgos ¢
intercambio de informacion sobre los riesgos. El autor da ejemplos de andlisis
de riesgos aplicados al carbunco bacteridiano para las pieles verdes, a las
enfermedades causadas por virus lentos para los embriones de ovinos, asi como
también a las enfermedades de la Lista A de la Oficina internacional de
epizootias para los embriones en general. Si comparten las metodologias
wiilizadas. concluye el autor, los servicios de cuareniena de los distintos paises
deberian poder armonizar las soluciones al problema del andlisis de riesgos.

PALABRAS CLAVE: Anilisis de riesgos ~ Carbunco bacteridiano -
Cuarentena — Enfermedades de la Lista A — Evaluacién de riesgos —
Maedi-visna — Prurigo lumbar - Transferencia de embriones.

*
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