1234

21, WeLts G.AH.. WiLEsMITH JW. & McGiLL 1.S. (1991) Bovine i
W .S, .- spongifi
encephalopathy: a neuropathological perspective. Brain Pathol.. 1. 69-78. pongriorm

- WILESMITH J.W.. WeLLS G.A.H.. CRANWELL M.P. & Ryan J.B.M. (1988). - Bovine
spongiform encephalopathy: epidemiological studies. Vet. Rec.. 123, 638-644.

. WILESMITH J.W. & WELLS G.A.H. (1991). - Bovine s i
HJ E .A.H. . pongiform encephalopathy.
g:u':'ranf:r_lll_s5|!:le $po;|lgifonb11 l;:noephalopa(hies: Scrapie. BSE and Relalcg Disor:'der:
rent Topics in Microbiclogy and Immunology. Vol. 172 (BW. :
M. Oldstone. eds). Springer-Verlag. Nueva York, 21-3%?, ¢ Chescbro &

24, WiLEsMITH J.W., RyaN J.B.M. & ATKINsON M.J. (1991) Bowvi i
. N J.B.M. d. . — Bovine s 1
encephalopathy: epidemiology studies on the origin. Vet Rec., 128, 199-2103. pongriorm

25 Wluzgmnn J.W.. RyaN J.B.M:. HuesTON W.D. & HOINVILLE L.J. (1992). - Bovine
spongiform encephalopathy: epidemiological features 1985 10 1990. Ver. Rec., 138, 90-94.

2

N

ra
aa

Rev. sci. tech, Off. int. Epiz..1993.12(4). 1235-1263

Quantitative risk assessment
of the risks associated with the importation
of pigs to abattoirs

RS.MORLEY *

Summary: This paper presents a g itative risk as: 1 method based on
the portrayal of risks using scenaria trees, the translation of evidence into
probability curves and the aggregation of scenarios using Larin Hypercube
simulation. An example of a quantitative risk assessment on the importation of
swine for slaughter illustrates the interpretation of evidence of two swine disease
risks: pseudorabies (Aujeszky’s disease) and brucellosis.

KEYWORDS: Abattoirs — Animal importation — Pigs — Quantitative risk
assessment.

INTRODUCTION

Government officials who regulate the importation of animals and animal products
are asked to make decisions almost daily. When an importation request is received for
which there exists no history of safe importation. a risk assessment is required.

For any risk assessment, information must be gathered on a number of variables
or parameters. Usually, one of the first pieces of information to collect is a complete
description of the commodity and the projected quantity to be imported. Next. the
disease risks which exist in the exporting country must be identified. For each risk.
information on the disease prevalence, disease epidemiology. agent properties and
eXposure SCenarios are required. Data for these parameters are often quite limited and
much uncertainty is associated with each parameter. This uncertainty may arise not only
from incomplete information. but also from disagreement between information sources.
inconclusive or imprecise data and variability in the measurements used (34).

The only way to incorporate all the facts which must be considered and to address
the uncertainty is to conduct a quantitative risk assessment. The objective of this paper
is to illustrate a quantitative risk assessment method which emphasizes the usc
of scenario trees to portray the risks concerned. A quantitative risk assessment on the
importation of pigs destined for slaughter in Canadian abattoirs scrves as an example.
The presentation and format of the quantitative risk assessment. including the scenano
trees. the parameters and the relevant data. illustrate the usefulness of this method.

* Agriculture Canada, Animal and Plant Health Dircetorate. P.O. Box 11300, Station H
3851 Faltowficld Road, Nepean K2H 8P9. Ontario. Canada
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QUANTITATIVE RISK ASSESSMENT METHOD

Kaplan (27) presented a quantitative definition of risk in which risk (R) represents
a complete set ({ }.) of triplets, as follows:

R={es x>}
This definition answers the following three questions:

a} What can go wrong? (s;)
b) How likely is that to happen? (1)
) If it docs happen, what are the consequences? (x)

To visualize this set of triplets, Kaplan (27) included a simple table (Tablie I).

TasLel
Representation of the quaniitative definition of risk
27
Scenario Likelikood Damage
5 I X
S2 L %
Sy h X3
Sa I x

The scenarios (s;) answer the first question: they describe what can go wrong. The
second column gives the likelihood (1,) of each scenario, while the third column gives
a measure, or measures, of the damage (x;) accompanying each scenario. If the table
includes all possible scenarios, the set of triplets is complete. The damage index (x;) may
be a multi-dimensional quantity, such as a vector in which the vector components
represent animal deaths, human infection, wildlife infection, environmental
contamination, etc. The damage may be time-dependent and/or uncertain (30).

Thus. one of the initial steps of a quantitative risk assessment is lo identify the set
of possible scenarios (s;). Mapping these in scenario trees as described by Kaplan (28,
30) is probably the best approach for appreciating and simplifying the complexity of the
possible scenarios. Figure 1 presents the components of this map, beginning with the
“as-planned” or “success™ scenario, in which the undesired effects do not occur.

The initiating failure event (IFE) represents failure at some point in time and
at some part of the as-planned scenario.

The branch points represent the various events which can occur following the IFE on
a scenario path. Each branch point represents a frequency of occurrence or a fraction,

12.
Twme —
“As-planned” scenario o

+ beanch point 19 paraters
.  end-skebe 51-510; nsk scendrios
@, inkinting frequency Ped

The “ ™ scemario and the scenario tree emanating
‘as-planmed S mititing Iadure cvemt

and each is expressed in units (¢.g. effective contacts per infected animal, proportior
infected animals which develop clinical signs).

i i h point. For examj
Algebraic parameters are assigned to the IFE and to each branch .
P, mzfy mp£nt the initiating frequency of the IFE and f; the split fraction of the f .
broanch point. The damage index (x;} is the end-state of each scenario.

i bability curve. 1
Each parameter (&, {1, f,. ...) of the scenario tree has a probatn
tnan;::nlaf and unilor(m g‘istlrib%nions represent two very useful probability curves wh
may be appropriate models to fit the data of many of the parameters.

i istribution provides a convenient means of representing uncerial
wh::wa;tn;rllgd‘::ar :::Ibsent 'I!;M: only threc values needed for a t:nangu'lar dmrt‘;l;::
are the minimum, the most-likely and the maximum. The minimum is the a
sumber below which no value can exist for a given p.'_iramelcr. _ln a trianglL
distribution, the minimum means zero probability (as this value w!ll never 0:;!
The most-likely is the value which should occur most t:r_cquently, i.e. the 1':;."[:
the distribution. The maximum value is an absolute f:ellmg and the probal 'lbl :
the maximum value itself is zero (33, 34). The three points of a triangular distribu
are designated as follows:

a = minimum .
b = most-likely
¢ = maximum.

The mean of the distribution is (a + b+ c)/3.
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Where a range of possible values is identified for a parameter, while the value most
likely to occur cannot be determined, the uniform distribution can be used. This
represents one of the simplest means of representing the uncertainty surrounding
a parameter. Each value across the range of the uniform distribution has an equal
likelihood of occurrence. The two values for a uniform distribution are as follows:

a = minimum

b = maximum.

The mean of the distribution is (a + b)/2.

Parameters of the beta distribution can be used to calculate a mean and standard
deviation of some parameter for which an observed occurrence of x events during
n trials (x/n) is available (34). The beta distribution with the following parameters:

c=x+landd = n+l-x

has amean (p) = cf(c + d)
(cd}

(c+d)?(c+d+1)

With these momenits. a triangular distribution can approximate the beta distribution.
The three parameters for the triangular distribution are as follows:

and a standard deviation (o) =

- whenx >0, a=max(0p-30).b=xnandc=p+3¢
- whenx =0, a=max(0u-30),b=pandc=p + 30

where max( ) implies the maximum of either value.

For all simulations in the example below. 5.000 iterations of Latin Hypercube
sampling were employed. This differs from Monte Carlo sampling in that the sample
space for an input parameter is divided into strata, and input values are obtained by
sampling separately from within each stratum instead of sampling from the distribution
as a whole. The same number of stratifications exist with 5,000 iterations, and
a sample is taken from each stratification without replacement (34).

Kaplan (29) described the “expert information™ approach for the elicitation
of evidence from experts. The experts are asked to contribute their experience and
evidence relevant to a parameter (1). E; represents the evidence provided by the
i-th expert, while Ep is the total body of evidence upon which all the experts agree.
E consists of evidence items E,. E,, .... E_. With this set of evidence, the quantitative
risk assessment analyst prepares a probability curve. If the experts agree that the
probability curve represents a good interpretation of the evidence, a final consensual
probability curve p_ (A[Ey) is adopted. Figure 2 portrays the expert information
approach of evidence elicitation. Depending on the parameter in question, the experts
may represent many disciplines. In the quantitative risk assessment example presented
in this paper, veterinary research scientists (particularly virologists and microbiologists)
predominated in the group of experts.

In the assessment of the risks associated with the importation of animals and animal
products, many sources of information are used. First and foremost are the sources for
foreign animal disease awareness. In most countries, gathéring information on and
increasing awareness of the global distribution of exotic diseases are ongoing activities.
Membership of the Office International des Epizooties (OIE). and the use of OIE
publications and the FAO/OIE/WHO Animal Health Yearbook. arc essential.
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Ecologists

Other sources support this process, including the Centre for Agriculture and
Biosciences International (CABI) publication Animal Disease Occurrence, automated
current awareness profiles, directed literature searches and animal health reports from
the exporting country. To identify the list of disease risks, foreign animal disease
awareness must be complemented by knowledge of the indigenous and notifiable
diseases and animal health legislation in the importing country.

Figure 3 illustrates the flow of information to provide foreign animal disea_se
awareness and some of the other sources which provide evidence for the quantitative
risk assessment. It is important to note that inputs include the assessment of the
Veterinary Services, monitoring and surveillance systems and (if applicable) the
assessment of zoning and regionalization data. Information on the epidemiology of the
disease, the agent, the commodity, the exposure of the agent in the importing country
and the risk reduction measures, all contribute to the scenario trees and evidence sets.
The information flow facilitates the interpretation of this evidence into probability
curves and, from these, the probability of the frequency of a particular end-state can be
computed.

The following is a summary of the steps for the quantitative risk assessment method
presented in this paper, adapted from Kaplan (30):

a) 1dentify the as-planned scenario which represents importation without any damage.
b) Identify the IFEs which are points of departure from the as-planned scenario.

¢) Establish the scenario tree for each IFE, to give a complete set of scenarios.

d) Identify the damage indices (x;) which are the end-states of the scenarios.

¢) Assign algebraic parameters to the scenario trees and units for each parameter.
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/) List a set of evidence for each parameter (Eq).

g) Calculate P() for each scenario path.e
calculate P(®4) for each end-state, e.g. P (®g
Hypercube simulation.

It Portray the cumulative distribution
probability of less than some frequency of occurrence of the damage
in the appropriate units for the given end-state).

QUANTITATIVE RISK ASSESSMENT ON THE IMPORTATION

OF PIGS TO ABATTOIRS

Importation into Can

immediate slaughter has neve
(classical swine fever) and. in the 1970s. the presence

2 P(®,) = P(®g) x P(f,) x P(1-f;) and
) = P(®;) + P(®3) + P(®s) using Latin

function for each end-state and state the 9%
event (expressed

ada of swine from the United States of America (USA) for

ever occurred. During the 1960s, the presence of hog'dnolen
of pseudorabies (Aujeszk
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disease), represented the main deterrent to such importation. At present, breeding
swine are imported, although these animals are subjected to a thirty-day quarantine
with serological tests for pseudorabies and Brucelia suis infection. The States from
which the importation is proposed are referred to here as simply States A and B, in
order not to detract from the purpose of using this example. For each of the two discase
risks, pseudorabies and B. suis infection, the as-planned scenario and the IFE are
described, the scenario tzee and parameters are listed and graphically presented, and
the evidence sets and simulations are provided.

PSEUDORABIES DISEASE RISK

As-plaaned scenario

The as-planned or success scenario (S0) represents the desired scenario path. This is
astatement of the eveats of the importation without the entry of pseudorabies virus
(PRV) into Canada.

The events of the success scenario are as follows:
a} Imporiation of slaughter swine (pigs) from States A and B:

- Accompanied by a United States Department of Agriculture (USDA)
centification of origin from swine herds not known to be pseudorabies-infected and
from States which possess Stage Il status of the USDA Swine Brucellosis
ControVEradication Program.

- Transported in trucks, which are cleaned prior 1o loading and sealed by the USDA;
the truck seals are examined by inspectors from Agriculture Canada at the border and
again at the abattoir.

— Transported through States designated as Stage III. Stage IV and Stage V of the
Pseudorabies Eradication Program, except in the case of swine originating from State
A, for which transportation on a specified interstate highway is permitted through a
State having a Stage II status.

- Slaughtered within eight hours of entering Canada and within four hours of arrival
at the abattoir.

- Trucks and abattoir pens cleaned, with disposal of manure by rendering, following
waloading and slaughter of the swine.

- Trucks to return directly 1o the USA without any possibility of contact with
domestic livestock.

b) No introduction of PRV into Canada.

The IFE represents the entry of PRV into Canada through the importation of
ter swine from the USA.

i tree and parameters
The following parameters are used:

?o - projectc_d number of slaughter pigs imported from States A and B per year, if
mportation is permitted



1242

f, - proportion of pigs infected with PRV

f, - proportion of non-infected pigs which become infected during assembly and
transportation

x - end-state for any scenario path

S1 - scenario path of non-infected pigs which remain non-infected during the period
of assembly and transportation

@, — number of Canadian swine herds infected via direct transmission per pig which
was infected during the period of assembly and transportation

@, - number of Canadian swine herds infected via vehicle-borne transmission per
pig (carcass) which was infected during the period of assembly and transportation

f; - proportion of PRV-infected swine which are shedding virus in excretions,
secretions or respiratory droplets

@ - number of Canadian swine herds infected via direct transmission per pig which
was infected. but not shedding. at the time of removal from the herd of origin

@~ number of Canadian swine herds infected via vehicle-borne transmission per
pig (carcass) which was infected. but not shedding, at the time of removal from the herd
of origin

®— number of Canadian swine herds infected via direct transmission per pig which
was infected and shedding at the time of removal from the herd of onigin

& - number of Canadian swine herds infected via vehicle-borne transmission per
pig (carcass) which was infected and shedding at the time of removal from the herd of
origin

@, — number of Canadian swine herds infected via airborne transmission per pig
which was infected and shedding at the time of removal from the herd of origin

@®,,- number of Canadian swine herds infected via indirect transmission per pig
which was infected and shedding at the time of removal from the herd of origin

S2 - scenario path of non-infected pigs which become infected during assembly and
transportation and result in x herd infections per year via direct transmission

$3 — scenario path of non-infected pigs which become infected during assembly and
transportation and result in x herd infections per year via vehicle-borne transmission

$4 - scenario path of infected. but non-shedding. pigs which result in x herd
infections per year via direct transmission

§5 - scenario path of infected, but non-shedding. pigs which result in x herd
infections per year via vehicle-bomne transmission

$6 - scenario path of infected and shedding pigs which result in x herd infections per
year via direct transmission

$7 - scenario path of infected and shedding pigs which result in x herd infections per
year via vehicle-borne transmission

S8 — scenario path of infected and shedding pigs which result in x herd infections per
year via air-borne transmission

S9 - scenario path of infected and shedding pigs which result in x herd infections per

vear via indirect transmission
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§2 + S3 + ... + 59 — aggregation of all scenario paths with the same damage index of
x herd infections per year.

Figure 4 shows the scenario tree for this risk.

&;  number of slaughter swine imported per year
PRV: pseudorabies virus

FiG. 4
Scemario tree emtansting from the psewdorabies virs initisting img failure event
Evidence set for each parsmeter
&,
Evidence

E, Transport of pigs from States A and B would probably involve the use of 48'%#-ft
long, wide-body trucks carrying up to 283 pigs each. The recommended floor areas for
transport of a 230 Ib pig are 4.4 5q. ft in hot weather (>75°F), 4.1 sq. ft at 60-75°F and
3.7 sq. ft at <60°F (J. Rawlins, unpublished findings). An average of 250 pigs per tractor-
trailer truck is a reasonable estimate. A single lot of 250 pigs probably originates from
between one and 25 herds, with between 10 and 250 pigs being contributed per herd.

E, Estimates of the number of slaughter pigs include a minimum qf 25,000.
a maximum of 500,000 and a “most-likely” figure of 100,000. The majority .would
probably be imported into the province of Ontario. The province of Quebec may import
some pigs, but the importation of pigs into Ontario would probably permit the abattoirs
in Quebec to purchase more Ontario pigs. Producer contracts with abattoirs would
probably represent the usual arrangements (D. Adams. unpublished findings).

Distribution for @,

This parameter was represented by a triangular distribution having the following
values: a = 25,000, b = 100,000 and ¢ = 500,000
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Y
Evidence
E, Underthe USDA Pseudorabies Eradication Program, both State A and State B

possess Stage 111 status, and have the following swine population and known number of
pscudorabies-infected herds:

_ State A: 13,000 swine herds, 225000 breeding swine, 1,875,000 pigs and 30 known
infected herds (31 March 1993)

_ State B: 8.600 swine herds, 175,000 breeding swine, 1,180,000 pigs and no known
infected herds (31 March 1993) (6,9, 43).

E, Fifteen “farrow-to-finish™ herds were selected from 104 swine herds quarantined
for PRV. Selection was based on the following criteria:

~ 275% of sows seropositive for PRV
- no previous use of PRV vaccine in the «growing-finishing™ section of the herd
- quarantined for at least six months

~ located in a low prevalence area of the State of Minnesota.

The growing-finishing sections of four herds remained seronegative throughout the
duration of the one-year study, four remained seropositive throughout, four became
seronegative and three herds became temporarily seronegative and later reverted
to seropositive status (35). Thawley et al. (42) had earlier noted that segregation of pigs
at weaning enabled offspring to remain free of infection.

E, Serological evaluation of a representative sample of “finishing” pigs (29) in 27
swine herds quarantined for PRV was of limited value in identifying PRV-infected
herds. Of the 27 herds. 19 contained PRV-seropositive female breeding pigs, while only
12 (63%) of these herds contained at least one seropositive finishing pig (3).

E, The scroprevalence of PRV antibodies in finishing pigs of six large swine herds in
Illinois ranged beiween 0.7% and 97.3%. One herd. which had been recognized
as infected more than 10 years ago. had 82% seroprevalence. Two recently-infected

herds showed seroprevalences of 94.8% and 97.3%. Two recently-vaccinated finishing

herds revealed 0.70% and 0.9% seroprevalences (25).

E, In 59 (42%) of 142 swine herds quarantined for PRV, less than 20% of the
breeding age females were PRV-seropasitive, while only 4 (7%) of these herds contained
seropositive finishing pigs (29 pigs tested). Of the 83 (58%) herds with 220%
seropositive females, 49 (59%) herds contained seropositive finishing pigs (36)-

E, Stalc A has approximately 60% of the total swine population of the two States
(43). The importation would probably be based proportionally on the swine population
of each State. However. since State A is closer to the abattoirs in the province of
Ontario. this may mean that a larger number of pigs are imported from State A than
from State B.

No known infected herds are to supply pigs for importation into Canada. To take into
account the fact that unknown infected herds may exist and that errors

do occur, this parameter (f;) was based on a range of herd prevalences of 1/13,000
to 30/13.000 in State A. The following assumptions were made : k
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— proportions for the importation of pigs from States A and B are 0.60 and 0.40.
respectively

— infection is present in “finished” pigs in no more that 50% of infected herds.
Distribution for f, \l\:.wo(-()(é) 30%'5[(0(—6)(';)

Two uniform distributions were integrated for this parameter, one representing the
prevalence of herd infections having values a = 2.3 x 105 and b = 6.9 x 10~*, and the
other representing the within-herd S)revalence for the pig population, where the
following values were used: a=7x 10~ andb=9.7x 107",

FRE A a7.3% on Ej
fz

Evidence
E, In fattening swine, the incubation period is 3-5 days (38). The time required for

assembly, transportation and stockage at the abattoir prior to slaughter is up 1o
18 hours.

E, A binomial expression elaborated by Beal (unpublished findings) gives the
probability [P(0)] of no infected and shedding pigs in a group of 250 pigs per truck. using
the following parameters:

Py = proportion of herds infected (2.3 x1075-6.9x 107%)
Pa= mean within-herd prevalence (7.0x 1072-9.7x 1071)

Pgy = Pproportion of infected animals which are shedding (1.0 1072-5 % 1072} (from
parameter f;)

n= number of animals contributed per herd (10-250)

k = number of herds contributing to tractor-trailer (1-25).
Therefore:

PO) = [(1-py) + Pu ([1-p4) + Pa [1-PsuD"]

A uniform distribution was used for each parameter in the above expression. The
value of P(0) = 0.996 was computed. Therefore, the probability of at least one infected
and shedding pig per truckload of 250 pigs is [1-P(0)}-

Without a disease model to answer the question of how many pigs would become
] c_xposed and infected per shedding pig, a range of 1-10 new infections per truckload
(in which there is at least one PRV-shedding pig) was used.

Distribution for f,
. A uniform distribution was used, where a = 1 and b = 10, in the expression P (2 one
PRV shedding pig) x uniform(1,10) x (1/250).
‘3
Evidence

E, _Recrudescence of virus following corticostercid treatment resulted in virus
shedding after a lag period of between 4 and 11 days. The maximum amount of virus
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was 3.6 log,,. i.¢. 80 times less than the values reported by Donaldson et al. (21}
in acutely infected pigs (37).

E, Finished pigs are unlikely to be shedding because of the predisposition
to infection at pre- and post-weaning ages (M. Schoenbaum, unpublished findings).
The proportion of infected slaughter pigs which are shedding during assembly,
transportation and slaughter is considered 10 be in the range of 0.01-0.05.

Distribution for f;

A uniform distribution was employed here, for which the minimum and maximum
values are a = 0.01 and b =0.05.

d’A
Evidence

E, Epidemiological investigation reports on 631 new herd infections in 41 States in
1989. revealed the most probable source of herd exposure to be infected domestic and
feral swine (in 48.6% of cases). contacts with contaminated fomites or infected swine -
carcasses {1.1%) and area spread through unspecified mechanisms (49.6%) (13).

E, Escape and non-retrieval from federally-inspected abattoirs does not exist.
No suich occurrences was recorded between 1980 and 1992, when a total of more than
12 million pigs was slaughtered annually in approximately 40 federally-inspected
abattoirs (F. Moulin, unpublished findings).

E, Between 1986 and 1991. the Ontario Pork Producers Marketing Board recorded
{wo tractor-trailer overturns in which pigs escaped onto the roadway. In both cases, the ;
pigs were retrieved (J. Rawlins, unpublished findings). The number of pigs slaughtered
in federally-inspected abaltoirs in the province of Ontario amounted to 22,412,515 pigs
over the same period (4). Estimating that at least 25% of these pigs were transported
by tractor-trailer trucks over various distances, zero pigs escaped (from a total
of 5.603.129 pigs transported to slaughter by this means). To simplify the scenario, a8
infected pig which escapes is considered to result in exposure and infection of a single herd.

Distribution for @,

A triangular distribution was used to approximate the beta distribution which,
for these data, has amean (p) of 1.8 10-7 and a standard deviation (o) of 1.8 x 107,
The three parameters for this triangular disuribution were as follows:

a = max(04i-30)
b= 1)
c= |,|+30

in units of herds infected per pseudorabies-infected pig which escapes.
Oy
Evidence

E, Carcass pork from swine which become infected during assembly
transportation is not considered as a risk because of the 3-5 day incubation period (
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Viracx_nia wou_.lld not be present following assembly, transportation and rest at the
abattoir, a period of less than 18 hours.

Distribution for ®g
The value for lhis.parameler was considered to be negligible. The frequency
of occurrence was arbitrarily set as a uniform distribution having valuesa =1x 107
and b = 1 % 10~* in units of herd infections per pig which was infected during assembly
and transportation.
Pc
Evidence and disiribution for @,
The same evidence and distribution was used here as for the parameter @, .
oy
Evidence

Eé ‘Hang from pork infected with PRV, which was prepared by curing for seven days at
7'81 in brine containing nitrate and sugar, showed little reduction in virus titres. After
boiling, when internal meat temperature reached 65°C, virus was isolated from bone
marrow on three of five occasions. Hams had 10 be cooked at 90-95°C for at least 120 min
10 ensure that an internal temperature of 70°C was reached to inactivate the virus (31).

E, Insausages, an internal temperature of 60°C is required to inactivate PRV (31).

E, In muscle tissue, the survival time ranged between 11 and 36 days, dependi
the temperature (11). Ye. cepending on

E, In pigs with clinically inapparent infection, PRV was not detected in carcass meat

after storage for 72 h at 1-2°C; in pigs which developed clinical manifestations, PRV was
still recoverable from carcass muscle after storage for 30 days (31).

25 Following an infusion of 108 TCIDg, into the hind quarter of a freshly killed pig,

80 virus could be detected in muscle, bone marrow or lymph nod ft
biinbssibegiaty ymph nodes after storage at

E The virus has been isolated from trigeminal ganglia and tonsils of naturally-

imfected animals until 13 months Jater (38).

E, Pork imports from the USA between 1975 and 1991 amounted to 542.818 metric

soanes (41), and in 1992 a further 11,370 tonnes of fresh/frozen pork and pork offal

imported (Table 11). This gives an 18-year tota! of 554,188 tonunes. Table 11 shows

that 43-61% of these imports between 1989 and 1992 consisted of fresh or frozen pork,

as bone-in pork boneless pork, boneless backs. hams, bone-in backs, ribs,
1S, butts, picnics. carcasses and sides. These percentages indicate that a figure
bctv::'en 238,301 and 338,055 tonnes represents the range of fresh or frozen pork

v Ey The average dressed weight of a slaughter pig in the USA in 1991 was 83 kg (43).

the most part, the fresh and frozen pork consisted of portions of carcasses,
m'b.uted by an unknown number of pig carcasses. However, in order to equate the
with the number of imported pig carcasses, a value of 50 kg of pork per carcass is
Therefore, between 4,766,020 and 6,761,100 pig carcasses contributed to the total
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TasLe Il
Pork impores (metric tonnes) from the United States between 1988 and 1992

(Figures do not include pork fat, lard, cured hams, bacon, ribs, picnics, skins and rinds,
dry cured pork and sausage and pickled pork)

Product 1992 1991 1990 1989 19838

Pork bones - 51.7 4.9 - -

Pork casings 4722 3036 3085 303.4 3620
Pork scalps, lips, snouts 354 76.5 527 - -

Pork skin, rinds 209.0 14462 15639 4913 2034
Pork brain. lung. spleen - 548 6.4 - -

Pork heart 30513 40637 27819 32056 36678
Pork liver 19.1 895 4497 3055 407.4
Pork tongue 58.1 0.1 96 - -

Pork tripe 513 03 30 - -

Bone-in pork 2206.2 28099 23006 21276 101.1
Boneless pork 34539 21619 10559 5825 554
Boneless pork backs, etc. 3034 4922 454.0 490.8 967.6
Hams 2918 795 76.4 8326 5390
Miscellanecus bone-in taits, feet 337 19.1 248 1140 764
Bone-in pork backs, etc. 12.9 373 483 5418 19567
Pork bellies 3195 6349 701 317 133
Pork patties 97.1 7.7 48 - -

Purk ribs 2044 186.8 2429 601.4 4713
Pork shoulders, butts, picnics 420 365 - 22 19.1
Misccllancous boneless pork

head meat, jowls, etc. 286 2333 - - -

Pork carcasses and sides 3756 - 307 ~ 1674
Pork kidneys - - - 81.7 -

Mechanically separated pork - - - 809.1 -

Totsl 113700 125698 96069 98761 99107

Source: Agriculture Canada, Meat Hygiene Import Coutrol System

importation. There is no doubt that this underestimates the actual number of pig
carcasses which contributed carcass portions; however, the degree of underestimation is
uncertain.

In ten northern and central States in the USA, each having over one million swine
and likely to export pork to Canada because of proximity, the prevalence of
pseudorabies herd infections on 31 March 1993 was 6,541/135,214, or 4.8% (6). From
the evidence presented for parameter |, approximately 50% of these herds would be
expected 10 have infections in the finishing pigs and, in these herds, a mean within-herd
prevalence of 49% would be expected. Relating these figures to the number of imported
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pig carcasses indicates that between 56,048 and 79.511 pseudorabies-infected pigs
contributed pork over the 18 years of 1T%p:‘lzgeé) LAY

E, Pscudorabies infection has never occurred in Canada. Over the period
1975-1992, the importation of between 56,048 and 79.511 pseudorabies-infected pigs
in the form of carcass meat has resulted in zero occurrences of pscudorabies. The extent
to which the discarding of uncooked scraps of pork to swine occurs in Canada is not
known; however, to date this activity has not resulted in pseudorabics. The evidence for
parameter [, indicates that 95-99% of infected pigs imported as carcass pork were
non-shedding.

Distribution for &y,

A uniform distribution was used to approximate the beta distribution which,
for these data (Egy), has mean (p) values of 1.3 x 105 and 1.9 x 1075. These were used
as the minimum and maximum values in the case of infected and non-shedding pigs.
The minimum and maximum values of the uniform distribution for shedding pigs were
2.5% 1074 and 1.8 x 1073, respectively.

QE
Evidence and distribution for ®¢

The same evidence and distribution were employed here as for the parameter ©,.

(bl"
Evidence and disiribution for $¢

The same evidence and distribution were used here as for the parameter dy,

LF
Evidence

E, In a24-hour period, four pigs shed a mean amount of log,, 5.3 TCID g, (50%
tissue culture infective dose) per pig via aerosol on day 2 following expertmental
intranasal infection with log,, 6.8 TCID, per pig of a specific strain of virus. The pigs
were sampled on days 2, 3 and 4 following infection (21).

The results reported by Donaldson et al. (21) were obtained following intranasal
infection of young pigs (35-45 kg) infected with massive doses of virus
(5.7-8.1 Jog,, TCID,). Such a challenge is much higher than the level of infection which
can be expected from potentially infected pigs of market weight (G. Dulac, unpublished
findings).

E, A retrospective study of a series of pseudorabies outbreaks in Yorkshire (United
Kingdom) suggested that 7 of 11 outbreaks could have resulted from airbomne virus. In
one instance, airborne virus could have caused infection up to 9 km from one source.
These outbreaks took place in November-December 1982 (24). At that time of the year
in the United Kingdom, the temperature is cold and the relative humidity is high, i.e.
above 60% (data from United Kingdom meteorological maps). In Yorkshire, the pig
population is high and the number of young weaner pigs infected with pseudorabies was
undoubtedly high. This would not be cxpected with market-weight pigs imported from
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low prevalence States. Such pigs would probably be infected as weaners and would
become latently infected (G. Dulac. unpublished findings).

E, In Denmark, two outbreaks occurred in December 1986 ten in 1987, and forty-
three in the first five months of 1988, apparently as a result of airborne transmission
{rom Germany. Denmark had no outbreaks for more than a year before this. The virus
isolates belonged to the same genome type (Group 11) as that found in areas of
Germany bordering Denmark (2). By the end of 1986, a surveillance programme which
included the testing of all breeding boars and boars over 100 kg in body weight at
slaughter or at export had detected as few as 32 known infected swine herds from a total
of 47814 herds (1.2).

E, The outbreaks in Denmark in 1987 and 1988 resulted from airborne transmission
over water. at a time of year when the environmental temperatures were cold and the
relative humidity was high over the North Sea. Also. at this time, a large output of virus
was being generated in northern Germany. which hosts one of the greatest
concentrations of pigs in the world. The conditions in Denmark are very different from
those expected in central Canada, where the following condilions would prevail:

a) source of virus would be minimal at worst

b) transmission would be overland and there would be diffusion of virus by
convection air current (less probability of transmission)

) the relative humidity would generaily be much Jower than that which prevails in
Denmark in the winter.

Cold and humid conditions provide greater survival potential for PRYV: such are the
conditions in north-western Europe in the winter months (G. Dulac, unpublished
findings).

Winds are usually stronger and the atmospheric turbulence is greater during the day
than at night: thus. the concentration of infectious virus carried downwind is higher at
night (26).

E, For intranasal infection. piglets requirc 10-10% TCIDg, young pigs
approximately 10 TCID and adult pigs 10*-10° TCIDy, (44. 45).

E, For intranasal infection. cattle require at least 10° TCID, (44).

E, Drying of PRV on glass at both 1°C and 22°C at 40-50% relative humidity resulted
in a loss of 4 log,q of virus. i.e. a reduction of 99.99% relative to the original virus titre (18).

E, In Denmark. airborne infections have spread from herds with fattening pigs, as
the clinical symptoms in acutely infected fattening pigs are often combined with
respiratory distress and coughing. which must increase the amount of airborne virus (2).

E, In market-weight pigs. the infection is likely to have occurred several weeks
previously. Acute infection is likely to be rare. and spreading of virus by the respiratory
route (as occurred in Denmark) is unlikely to happen (G. Dulac. unpublished findings).

E.. Nasal excretion of virus occurs for 8-17 days with maximum titres between
105% and 10% TCID;, From oropharyngeal swabs. PRV can be isolated for 18-25 days
with titres up to 10° TCIDy,, Virus is also excreted in vaginal and foreskin secretions for
up to 12 days and in milk for 2-3 days (32.45).
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E,; Onthe basis of Table 1V of the article by Donaldson et al. (21) - ;_)anncularly the
data for day 2 - in a four-hour period. an infected pig releases a mean vm% Tamoum of
35.503.537 (10°5%%) TCID., with a standard deviation of 57.137.562 (10%75) TCIDq
The actual amount released follows a normal distribution with the above mean and
standard deviation.

Table 111 shows the probability that the total amount of virus relea7sed in the four-
hour period at the abattoir by a truckload of 250 pigs woulq exc_eeq 10’ TCIDg,, given
the presence of various total numbers of infected and shedding pigs in the truckload.

TasLe I

Likelikood of the release of airborne virus above a ca_'lar'-
critical mass mecessary for herd exposure and infection

No. of fected and
shedding pigs mthe  Zscore®  Probabiity(r>10)**
truckload
25 638 <10®
30 521 <1077
35 438 6x10%
40 3754 0.0001
50 2879 0.002

+ Z-score of the normal distribution .
++ probabilily that the 1otal amount of virus (v} r_clcascd in a four-
hour period at the abattoir by a truckload of 250 plgs_wou_ld exceed
107 TCIDwgiwnvzriousnwnbctsolinlmed and shedding pigs present
in the truckioad

This amount of virus (107 TCID,) was used as the critical mass of airborne virgs
required to achieve the delivery of an infectious respiratory dose of 10° TCIDgyto a pig
within a Canadian herd.

Distribution for ¥

From evidence E, of parameter f,.P(0) = 0.996 (the probability that no pigs are
infected and shedding per truckload of 250 pigs).

Using the Poisson distribution approximation to the l?inomial distribution. the
following expression (12) was used to express the probability of one, two. three, etc..
infected and shedding pigs in a truckload of 250 animals:

P(x) = (e~ ® a*)/(x")
where « = mean of infected and shedding animais per truckload of 250 pigs
=|In [P(0) = 0.996] | =0.004.

Thus:

P(1)=40x1073
P(2) =8.0x10®
P(3)=11x1078

etc.
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Obviously. the probability of this scenario is extremely low. For computational
purposes. in order to retain the scenario in the simulation. the frequency of &g
was arbitrarily set as a uniform distribution having the following values: a = 2 x 10~* and
b = 1 x 10~¥in units of herd infections per pig which was PRV-infected and shedding.

oy
Evidence

E, Atthe optimum pH levels of 6-8. PRY inactivation at 37°C was 0.6 log,, over 24 h (18),
whereas at 4°C there was no measurable inactivation after 24 h.

E, Virus survived for up to 46 days at —8°C and for up to 10-30 days at 25°C on hay,
wood and food (11).

E, PRV survived storage in liquid manure for 26 weeks at 4°C, but was killed within
16 weeks at 20°C (14).

E, In slurry, PRV was inactivated in 15 weeks at 5°C and in two weeks at 20°C. At
35°C. the virus was inactivated in 5 h (16).

E¢ In the environment at 22°C. the half-life of PRV was 18.8 min at 25% relative
humidity (RH). 36.1 min at 55% RH and 17.4 min at 85% RH (39).

E The low probability of infected and shedding pigs being present in a “lot™ of pigs
essentially reduces the chance of shed virus coming into contact with swine herds. There
is an enormous dilution of an infectious dose due to facces, urine, bedding and the water
used to clean the abattoir floors. The possibility of exposure of swine herds to contact
with PRV-contaminated trucks was eliminated through the risk reduction measure in
the import conditions.

Distribution for @,

The same distribution and values employed for parameter d; were used here.
Simulations

All simulations were performed using Latin Hypercube simulation with a
commercial software programme (@Risk, Palisade Corporation. Newfield. New York,

USA). The same number of iterations (5.000) were conducted for each scenario and the
aggregation of scenarios (same end-state), as follows:

- Scenano2: P(®,) = P(tbo)xP(l—fl)xP(fz)xP(OA)
- Scenario 3: P(P;) = P(Gp)xP(1-f 1XP(1,)<P(®g)
- Scenario & P(®,) = P(®o)xP(f, IXP(1-13)xP(®)
- Scenario 5: P(®5) = P(@IxP(f) )xP( 1-£,)xP(dy)
— Scenario 6: P(®,) = P(Pp)xP(f, )xP(f3)xP(Pg)
- Scenario7: P(®,) = P(D)xP(f,)xP(f;)xP(dg)
- Scenario 8: P(d;) = P(®y)xP(f; XPUIXP(D)
- Scenario%: P(®g) = P(Pg)xP(f, IXP(E)<P(Py)

- Scenarios2-9. P(®y)= P(tbz) + ..+ P(dy).
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Table IV presents the statistical output of the simulation of the aggregation of all the
scenarios (same end-state) and Figure 5 presents the cumulative distribution function
(CDF) of P(®y). The units are swine herd infections per year. From the CDF in
Figure §, there is a 99% probability of less than 2.0 x 1072 swine herd infections per year
of such importation. In other words, therc is a 9% probability of less than one swine
herd infection in 50 years.

100%
2 0% e
-1
é Expected result 0.400989
B % e e
m T L T N A I i
%
0 0.625 125 1.875 25 3.125 375 4375 5
No. of swine herd infections per year x 1072
) PG. 5
Cumpulative distribution function curve for the end-state
of psewdorabies swine herd imfections
SWINE BRUCELLOSIS DISEASE RISK
As-planned scenario

The as-planned scenario is a statement of the events of the importation without the
entry of Bruceila suis (biovars 1 and 3) into Canada.

The as-planned scenario includes the same events as for pseudorabies nsk, except
that the outcome is no introduction of B. suis (biovars 1 and 3) into Canada.

Initinting failure event

The IFE represents the entry of B. suis into Canada through the importation of
slaughter swine from the USA.

Scemario tree and parmmeters
The following parameters are used:

®, - the projected number of slaughter pigs imported from States A and B per
year, if the importation is permitted
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TABLETV

Latin Hypercube simulation statistics for the aggregation of scemarios 2 109

of the psewdorabies virus scemario tree and scemario 2, and the aggregation

of scemarios 3 and 4, of the Brucella suis scenario free

Statistics Scemarios 2-9 Scenario 2 Scenarios 3 and 4
Expected/mean resalt 0.004010 0.014437 0.000858
Maximum result 0.040727 0.070598 0.007185
Minimum result 0.000056 0.000136 0.000010
Range of possible results 0.040671 0.070462 0.007175
Chance of positive result 100 100 100
Chance of negative result 0 0 0
Standard deviation 0.003968 0.010961 0.000832
Skewness 2385173 1.411677 2.149338
Kurtosis 11.275600 5.172698 9510391
Variance 0.000016 0.000120 0.000001
Errors cakulated 0 0 0
Values filtered 0 0 0
Simulations executed 1 1 1
licrations 5.000 5.000 5.000
Percentile probabilities
(chance < = shown value)
0% 0.00280 001140 0.00060
55% 0.00310 0.01270 0.00070
0% 0.00350 0.01410 0.00080
65% 0.00400 0.01570 0.00090
T70% 0.00450 0.01740 0.00100
75% 0.00510 0.01930 000110
R0% 0.00600 002180 0.00130
R5% 0.00720 0.02510 0.00160
90% 0.00890 0.02990 0.00190
95% 0.01180 0.03650 0.00250
100% 0.04070 0.07060 0.00720

f, - proportion of pigs infected with B. suis
x - end-state for any scenario path
S1 - scenario path of non-infected pigs

®, - number of humans infected per pig which was infected at the time of removal
from the herd of origin

. — number of Canadian swine herds infected via indirect transmission per pig
which was infected at the time of removal from the herd of origin

@ — number of Canadian swine herds infected via direct transmission per pig
which was infected at the time of removal from the herd of origin

§2 - scenario path of infected pigs resulting in x human infections per year via
direct contact with an infected carcass

S3 - scenario path of infected pigs resulting in x herd infections per year via
indirect transmission

S4 — scenario path of infected pigs resulting in x herd infections per year via direct
transmission.

Figure 6 shows the scenario tree for this risk.
Evidence set for each parameter

b,
Evidence and Distribution for &,

The same evidence and distribution were used as are presented with this parameter
for the pseudorabies risk.

1,
Evidence

E; Swine Brucellosis Control/Eradication Program Stage 111 status was attained by
State A in 1986 and by State B in 1975. The last case of swine brucellosis in State A was
in 1970 (20).

X §2

ber of herds i by i
transmission (apparel, bedding, trucks) per pig

X $3

Number ot herds infected by direct
Tansmission per pig

xs4
®, number of slaughter swine imported per year
FiGc.6
Scemario tree emanating from the Brucella suis initiating failure event
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E, The Brucellosis Stage 111 requirements include a two-year qualification period in
~hich no more than one swine brucellosis-infected herd is identified. depopulated and
ested. and determined to be free from the disease. To maintain Stage 111 status, a state
must survey on a random basis at least five percent of its breeding swine annually. The
status is lost if infection is disclosed with evidence of spread (8).

E, For State A. approximately 67.500 breeding swine were serologically tested and
found negative (total population of 225,000 breeding swine x 0.05 x 6 years) between
1987 and 1992. For State B, approximately 148.75¢ breeding swine (175.000 x 0.05 x
17 vears) tested serologically negative for brucellosis between 1976 and 1992. Hence.
approximately 216.250 serological tests for brucellosis revealed zero occurrences of
infecied breeding swine.

Distribution for f,

A triangular distribution was used 10 approximate the beta distribution which,
for these data. has a mean (p) of 4.6 x 106 and a standard deviation (o) of 4.6x 105,
The three values for this triangular distribution were as follows:

a = max(0.p-30)
b=p
¢=Hn+3c

in units of proportion of pigs infected with B. suis.
D)
Evidence

E, The source of the majority of human brucellosis in the USA to date has been
B. suis-infected swine (23).

E, Most cases of human brucellosis occur in workers in meat-packing plants and
9% of cases are related to slaughtering of pigs (40).

E, B. suis (biotypes 1 and 3) appears to have a much higher degree of pathogenicity
for humans than other Bruceila spp. found in the USA. and tissues of infected swine
tend 10 have much higher numbers of B. suis organisms 19).

E, Between 1988 and 1992. a total of 467 cases of human brucellosis was reported in
the USA (5. 7). E, indicates that approximately 420 (90%) of these cases can be
attributed 1o exposure to B. suis-infected swine at slaughter.

E¢ A total of 18.544.000 sows. boars and stags were slaughtered at federally-
inspected abattoirs in the USA between 1988 and 1991 (43). This represents an average
of 4.636.000 per year. and therefore approximately 23,180.000 sows. boars and stags
were federally inspected at slaughter over the five-year period 1988-1992.

E, From 1 January to 30 June 1993, 162.482 breeding swine were serologically tested
for brucellosis at slaughter establishments in the USA.. Of these, 320 (0.2%) were reactors
(9. 10). Using this reactor ralte as an estimate of the infection level in breeding swine
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at slaughter indicates that approximately 45,652 (0.2%) of the 23.180.000 sows, boars and
stags slaughtered between 1988 and 1992 were infected with B. suis. From Es. the 420 cases
of human brucellosis resulted primarily from exposure to these 45,652 infected swine.

Distribution for &,

A triangular distribution was used to approximate the beta distribution which, for
these data. has a2 mean of 9.2 x 10~? and a standard deviation of 4.5 x 107*. The three
values for this triangular distribution were as follows:

a = max(0p-30)
b =x/n = 420/45.652
c=pu+36

in units of humans infected per B. suis-infected pig.

Py
Evidence

) E, Ingestion of feed contaminated by semen. urine and other discharges from
infected boars and sows, and venereal transmission by boars possessing a localization of
the infection in the genitalia. are the common methods of disease spread (15).

E, Under natural conditions, Brucella spp. behave as obligate parasites and do not
pursue an existence independent of the animal hosts (17).

_ Ey B. suis is the only recognized Brucella sp. which causes systemic or generalized
infection leading to reproductive failure in swine. Infection is transmitted to susceptible
swine through direct association with infected swine. The most important routes of
infection are the alimentary and genital tracts. Brucellosis is a venereal disease in swine,
which is transmitted 10 sows and gitts through the semen of infected boars. Suckling pigs
are fr.eque_nll)‘r infected by nursing dams. Clinical evidence of bruceltosis in suckling and
weaning pigs is usuaily absent. Swine can be experimentally infected by conjunctival or
intranasal exposure with a suspension of B. suis. Organisms could probably also enter
through scarified or, possibly. intact skin (19).

E, The possibility of herd infections occurring through indirect transmission is
!he!'efore very remote. One herd infection per 1.000-10,000 B. suis-infected pigs through
indirect transmission in scenario 3 may be a reasonable estimate of the frequency.

Distribution for &y

A uniform distribution was used, with minimum and maximum values of a = 0.0001
and b = 0.001.

®c
Evidence and distribution for &,
The evidence and distribution presented for the parameter @, of the pseudorabies

ﬁsk were also employed here. but the units were swine herds infected per brucellosis-
infected pig which escapes.
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Simulations

Latin Hypercube simulations similar to those for the pseudorabies risk scenarios
were performed, as follows:

- Scenario 2: P(d,) = P(®)xP(f;)xP(D,)
— Scenario 3: P(®,) = P(®g)xP(f))xP(Pg}
- Scenario 4: P(®,) = P(®)xP(f <P(®()

- Scenarios 3and 4: P(®) = P(@,3) + (D).

Table 1V presents the statistical output of the simulations for scenario 2 apd fo_r the
aggregation of scenarios 3 and 4. Figure 7 presents the CDF for scenario 2 in units of
humans infected per vear, and Figure 8 presents the CDF for P(4) in units of swine herd
infections per year.

:

Probability

-’?

3 4 5 6 7 8
No. of human infections per year x 1072

FiG.7
Cumulative distribution function curve for the end-state of human brucellosis infections

There is a 99% probability of less than 5.1 x 10” 2 human infections occurring per year
(99% probability of less than one human infection in 19 years) and a 99% probability of
less than 3.9 x 10~ swine herd infections per year (99% probability of less than one
swine herd infection in 256 years).

Probability

0 1 2 3 4 5 6 7 8
No. of swine herd infections per year x 10-2

FG.8

Cumulstive distribution function curve for the end-state
of brucellosis swine herd infections

CONCLUSION

The 99% probability of the frequency of some risk damage gives the decision-maker
an indication of the likelihood of the risk. On the basis of this figure and an evaluation
of the economic, social and political costs and benefits, the decision-maker is able to
decide whether an importation is acceptable.

The quantitative risk assessment method described above offers an approach which
clearly presents the risks, the scenarios, the parameters and the probabiliiy of the
frequency of an event. The assessment of the risks associated with the importation of
animals and animal products is made easier with this approach. The scenario trees provide

! 2 visual representation of the possible events. Data can readily be added, updated.

corrected and re-interpreted when the risk assessment is presented in this format.

Another advantage of this approach is versatility. This quantitative risk assessment
method can be adapted to virtually any commodity which is intentionally or
unintentionally imported (e.g. animals, embryos, vials of semen. meat carcasses,
portions of meat, milk or infectious materials). This is an extremely useful attribute,

. given the wide range of import commodities and infectious agents which exist.
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EVALUATION QUANTITATIVE DES RISQUES LIES A LIMPORTATION DE
PORCS DESTINES A LABATTOIR. - RS. Morley.

Résumé : Cet article présente une méthode d'évaluation quantitative des
risques. basée sur Uurilisation de scénarios en schémas arborescents, la
traduction des signes cliniques en courbes de probabilités et Pagrégation des
scénarios d I aide de la simulation Latin Hypercube. Un exemple d évaluation
quantitative des risques lors de l'importation de porcs destinés a I'abattoir
montre comment on interpréte les signes de risques pour deux maladies
porcines : la maladie d Aujeszky et la brucellose. ’

MOTS-CLES : Abattoirs - Evaluation quantitative des risques - Importation
d animaux - Porcins.

EVALUAC[@N CUANTITATIVA DE LOS RIESGOS ASOCIADOS A LA
IMPORTACION DE PORCINOS DESTINADOS AL MATADERO. - RS. Morley.

Resumen: El autor presenta un método de evaluacién cuantitativa de riesgos
gue se basa en la disposicion de las distintas posibilidades en forma de
esquemas arboreos, la traduccion de los signos de riesgos en curvas de
probabilidades y ¢l agregado de las posibilidades mediante la simulacion Latin
Hypercube, Un ejemplo de evaluacion cuantitativa de riesgos asociados a la
importacidn de porcinos destinados al maiadero, muestra como se inierpretan
los signos de riesgos de dos enfermedades porcinas: la enfermedad de Aujeszky
y le brucelosis.

PALABRAS CLAVE: Evaluaci6n cuantitativa de riesgos — Importacién de
amimales — Mataderos - Porcinos.

REFERENCES

1. ANDERSEN J.B. (1986). - Use of abattoirs as a source of epidemiological data.
In 11th Conference of the OIE Regional Commission for Europe. Berlin, German
Democratic Republic. 199-206.

1261

2. ANDERSEN J.B., BITSCH V., CHRISTENSEN L.S_, HOFF-JBRGENSEN R. & KIRKEGAARD
PETERSEN B. (1989). - The control and eradication of Aujeszky's disease in Denmark:
epidemiological aspects. /n Vaccination and control of Aujeszky’s disease (J.T. van
Oirschot, ed.). Kluwer Academic Publishers, Dordrecht, The Netherlands. 175-183.

3. ANDERsON PL., MORRISON R.B., THAWLEY D.G. & Mourmor T. (1989). - Identification
of pseudorabies virus-infected swine herds by evaluating the serostatus of boars or
finishing pigs. J. Am.\vet. med. Assoc..195,1709-1711.

4. ANON. (1992). - Livestock market review 1991. Market Information Service, Red Meat
Section, Red Meat Development Division, Agri-food Development Branch, Agriculture
Canada, Ottawa, 41 pp.

ANON. (1992). - Summary of notifiable diseases, United States 1991. United States
Department of Health and Human Services, Public Health Service, Centers for Disease
Control, Atlanta, Georgia, 57.

ANON. (1993). - National Pseudorabies Report. 1 January-31 March. Veterinary
Services, Animal and Plant Health Inspection Service, United States Department of
Agriculture, Hyattsville, Maryland, 33 pp.

@

o

~

ANON. (1993). - Summary: cases of specified notifiable disease, United States.
cumulative weck ending December 26. 1992 (52nd week). Morbidity and Mortality
weekly Reports (MMWR), 41 (52/53), 974.

8. ANON. (1993). — Swine Brucellosis Control/Eradication State-Federal-Industry Uniform
Methods and Rules. Veterinary Services, Animal and Plant Heaith Inspection Service.
United States Department of Agriculture, Hyattsville, Maryland, 23 pp.

ANON. (1993). - Swine Brucellosis Quarteriy Report, 1 January-31 March. Swine Health
Staff. Velerinary Services, Animal and Plant Health Inspection Service, United States
Department of Agriculture, Hyattsville, Maryland, 48 pp.

10. ANON. (1993). - Swine Brucellosis Quarterly Report, 1 April-30 June. Swine Health
Staff, Veterinary Services, Animal and Plant Health Inspection Service, United States
Department of Agriculture, Hyattsville, Maryland. 50 pp.

b

11. BASKERVILLE A., MCFERRAN 1L.B. & Dow C. (1973). - Aujeszky’s disease in pigs.
Ver Bull , 43, 465-480

12. BEAL V.C. JR (1986). - Regulatory statistics, Volume 2-A, 2nd Ed. Veterinary Services,
Animal and Plant Health Inspection Service, United States Department of Agriculture,
Hyatisville, Maryland. Part X, 27-28.

13. BERAN G.W. & YANG D.P.C. (1990). - Progress toward eradication. The pseudorabies
programs in 1989. Proc. U.S. Anim. Hith Assoc., 74.355-364.

14. BIERMANN U., HERBST W. & ScHLIESSER T. (1990). — Survival of bovine enterovirus and
Aujeszky's virus in cattle slurry stored at different temperatures. Berl. Miinch. tierarzil
Wschr., 163, 88-90.

15. BLoob D.C. & Rapostirs O.M. (1989). - Veterinary medicinc. A textbook of the disease
of cattle, sheep, pigs, goats and horses, 7th Ed. Bailli¢re Tindall, London, 1,502 pp.

16. BoTNER A (1991). - Survival of Aujeszky's virus in slurry at various temperatures.
Ver. Microbiol | 29,225-235.

17. CorRBEL M J. & BRINKLEY-MORGAN W.1. (1984). —- Genus Brucella. In Bergey's manual of
systematic bacteriology (N.R. Krieg & J.G. Holt. eds). Williams & Wilkins, Baltimore,
377-388.

18. Davies E.B. & BEraN G.W. (1981). - Influence of environmental factors upon the
survival of Aujeszky’s disease virus. Res. ver. Sdi.. 31.32-36.



1262

9.

20,

2

—

25.

30

3

2.

3

1w

3

n

DEvoE B.L. (1986). — Brucellosis. In Diseases of swine (A.D. Leman, B. Straw, R.D.
Glock, W.L. Mengeling. R.H.C. Penny & E. Scholl. eds). lowa State University Press,
Ames, lowa_ 599-607.

Dosy PB. (1986). — Report of the swine brucellosis subcommittee. Proc. U.S. Anim. Hlth
Assoc..99.195-204.

 DONALDSON A.l.. WARDLEY R.C.. MARTIN S. & FERRIs N.P. (1983). - Experimental

Aujeszky’s disease in pigs: excretion. survival and transmission of the virus. Vet Rec.. 113,
490-494.

DuraaM PLK.. Gow A_ & PoOLE W.S H. (1980). - Survival of Aujeszky's disease virus

in frozen pig meal. Res. vet. Sci., 28, 256-258.

Fox M.D. & KaUrmass A F. (1977). - Brucellosis in the United States, 1965-1974.

1 infect. Dis.. 136.312-316.

 GLOSTER J.. DONALDSON AL & HouGH M.N. (1984). — Analysis of a series of cutbreaks

of Aujeszky’s disease in Yorkshire in 1981-1982: the possibility of airborne disease
spread. Ver. Rec.. 114, 234-239.

HALL W.F.. WEIGEL R.M.. SIEGEL A M., WiERMERS J.F., LEHMAN J.R., TAFT AC.
& ANNELLI L.F. (1991). - Prevalence of pseudorabies virus infection and associated
infections in six large swine herds in lllinots. J. Am. ver. med. Assoc., 198. 19271931

. 16LESIAS G.R. (1990). - Pscudorabies virus infection in swine: unsuspected ways of

transmission and perpetuation. Compend. Food Anim.. 12, 1341-1346.

- KAPLAN S. (1981). - On the quantitative definition of risk. Risk Analysis, 1(1), 11-27.
_KapLaNx S. (1990). — A preliminary probabilistic risk assessment (PRA) on

the importation of Chilean llamas into the United States. A report prepared for
the International Llama Association, Washington D.C.. 18 pp.

KAPLAX S. (1992). — “Expert information™ versus “expert opinions™. Another approach
10 the problem of eliciting/combining/using expert knowledge in PRA. Reliability
Engineering Svsterm Safety. 35.61-72.

KAPLAX S. (1992). - The general theory of guantitative risk assessment (QRA). Its role in
the regulation of agricultural pests. Presentation Lo the Risk Assessment Focus Course,
Planning and Risk Analysis Systems. Animal and Plant Health Inspection Service, United
States Department of Agriculture. Fort Collins, Colorado, 4-7 February. 44 pp.

_MacDIarMID S.C. (1991). - The importation into New Zealand of meat and meat

products: a review of the risks 10 animal health. National Agricultural Security Service
Publication 91-2. New Zealand Ministry of Agricuiture and Fisheries, Wellington. 180 pp-

Maks R.. KAtz C.L. & GusTAFsoN D.P. (1983). - Shedding patierns in swine of
virulent and altenuated pseudorabies virus. Am. J. vei. Res.. 44, 2086.

. MeciLL R.E. (1984). — An introduction to risk analysis. 2nd Ed. PennWell Publishing

Company. Tulsa, Oklahoma. 274 pp.

 MORGAN M.G. & HENRION M. (1990). - Uncertainty. A guide to dealing with uncertainty

in quantitative risk and policy analysis. Cambridge University Press, Cambridge, United
Kingdom. 332 pp.

. MoRRIsON R.B. & THAWLEY D.G. (1989). - Serologic status of pscudorabies virus in

growing-finishing pigs in quarantined herds. J. Am. vet. med. Assoc., 195, 1STF1579.

. MORRISON R.B.. MARSH W.E.. ANDERSON PL. & THawLEY D.G. (1991). - Factors

associated with the seroprevalence of pseudorabies virus in breeding swine from
quarantined herds. J. Am. vet. med. Assoc., 199. 580-583.

37.

4

1.

1263

OtrscHOT J.T. VAN & GIELKENs A.LJ. (1984). - In vivo and in vitro Teactivation of latent
pscudorabies virus in pigs born to vaccinated sows. Am. J. vet. Res., 45, 567-571.

PENSAERT M.B. & KLUGE J.P. (1989) — Pscudorabies virus (Aujeszky's disease). In Virus
infections in porcines (M.B. Pensaert, ed.). Elsevier Science Publishers BV.. Amsterdam.
39-64.

. SCHOENBAUM MLA.., ZIMMERMAN J 1., BERAN G.W. & MUrpHY D.P. (1990). - Survival of

pscudorabies virus in acrosol. Am. J. vet. Res., 51.331-333.

SONNENWIRTH A.C. & SWARTZ M.N. (1980). - Yersinia. Francisella. Pasteurella, and
Brucella. In Microbiology (B.D. Davis. R. Dulbecco, H.N. Eisen & H.S. Ginsberg. eds).
Harper & Row, Hagerstown. Maryland, 679-691.

STATISTICS CANADA (1992). — Table 31: Livestock and animal products statistics 1991.
iIn Catalogue 23-203. Ottawa, 44.

42. THAWLEY D.G., WRIGHT J.C. & SoLORzONO R.F. (1980). — Epidemiologic monitoring

following an episode of pseudorabies involving swine, sheep and cattle. /. Am. vet. med.
Assoc, 176, 1001-1003.

43. UNITED STATES DEPARTMENT OF AGRICULTURE (1992). - Agricultural Statistics 1992.

US Government Printing Office, Washington D.C.. 524 pp.

44. WITTMANK G. (1985). — Aujeszky's disease: factors important for epizootiology and

control. Rev. sci. tech. Off. int. Epiz.. 4(1), 5-20.

45. WITTMANN G. (1991). — Spread and control of Aujeszky's disease (AD). Comp. Immun.

Microbiol. infect. Dis., 14,165-173.



