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Glossary of terms and abbreviations

AFFA  
Agriculture, Fisheries and Forestry - Australia

ALOP  
Appropriate level of protection

AQIS  

Australian Quarantine and Inspection Service

FSANZ  

Food Standards Australia New Zealand

IRA  
Import risk analysis

OID  
Oral infectious dose

OIE  



Office International des Epizooties

OIE Code  


OIE International Animal Health Code

SCARM  
Standing Committee on Agriculture Resource Management

SSD  
Statistical subdivision

The Panel
Risk analysis panel

Method for import risk analysis

Under the Office International des Epizooties (OIE) Code, import risk analyses (IRAs) for animals and animal products are based on the following procedures:

· hazard identification

· risk assessment, incorporating:

- release assessment

- exposure assessment

- consequence assessment

- risk estimation

· risk management

· risk communication

Method for hazard identification

Hazard identification, as documented in the Technical Issues Paper,
 was carried out in two stages:

· Identification of a preliminary index of agents/diseases relevant to the importation of pigs or pig-derived products

· Refinement of the preliminary index in accordance with specified hazard identification criteria (hazard refinement)

A preliminary index of diseases/agents was derived by combining the relevant OIE List A and B diseases with unlisted diseases of swine considered by the risk analysis panel (the Panel) to be of potential quarantine concern. 

Hazard refinement was carried out in accordance with the criteria set out below. Where definitive data relevant to categorisation were lacking, the Panel made conservative judgements that drew on scientific knowledge and observations from similar situations, and any other appropriate information. 

· The pathogenic agent is infectious: the putative pathogenic agent must cause, or be causally associated with, a recognised disease and the disease must have been shown to have an infectious aetiology

The pathogenic agent must have been found in association with pigs: the pathogenic agent must be transmissible to susceptible hosts and may have been isolated. Ideally Koch’s or Evans’  QUOTE "(Thrusfield, 1995)" 
(Thrusfield, 1995)
 postulates have been satisfied. This excludes diseases caused by environmental (for example, toxicosis), genetic or nutritional factors

· The pathogenic agent is exotic to Australia: the pathogenic agent is considered to be exotic if there is no report of the disease or detection of the causal agent in animals in Australia. The level of confidence that can be attributed to such a determination depends on factors such as the virulence of the organism, severity of expression of clinical disease and nature of targeted surveillance applied to the disease/agent in question. Where a pathogenic agent is present in Australia, but the strain(s) present in other countries is/are significantly more virulent, these strains will be considered to be exotic to Australia and thus meet this criterion

· The pathogenic agent is present in Australia but subject to official control: if a pathogenic agent or disease occurs in Australia, then either; (a) one or more State/Territory Government(s) must have enacted legislation and be taking action to control or eradicate the disease/agent, or, (b) control of the disease/agent must be the object of a mandatory industry-based control program

· The pathogenic agent is listed by OIE: the pathogenic agent causes a notifiable or other significant disease as listed by OIE

· The pathogenic agent would be expected to cause significant disease in Australia: the pathogenic agent must satisfy one or more of the following criteria:

It would be expected to cause significant disease

It would be expected to cause significant damage to the environment and/or native species; and/or

It would be expected to cause significant economic harm, for example, increased mortality, reduced growth rates, decreased product quality, loss of market access, increased management costs.

In summary, a pathogenic agent was given detailed consideration in the IRA if it was: 

Infectious, and either,

Exotic to Australia, or, 

Present in Australia but subject to official control, and either,

OIE listed, and/or,

Likely to cause significant disease in Australia
Method for risk assessment

Risk assessment is defined in the OIE Code as:

… an evaluation of the likelihood and the biological and economic consequences of entry, establishment or spread of a pathogenic agent within the territory of an importing country.

The likelihood that a pathogenic agent will enter an importing country and the likelihood that susceptible animals will be exposed to that agent are determined through a ‘release assessment’ and an ‘exposure assessment’, respectively. 

The likelihood of establishment and/or spread and the biological and economic consequences of introducing a pathogenic agent are determined through a ‘consequence assessment’. 

The risk assessment for each identified agent concludes with ‘risk estimation’, the combination of the likelihoods and consequences, and yields the unrestricted risk estimate.

These steps are illustrated diagrammatically in Figure 1.

Figure 1 Components of a risk assessment
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The principle of a ‘generic’ risk assessment

This IRA has been termed ‘generic’, in that the risks associated with the importation of uncooked pig meat from any exporting country are to be considered. In order to carry out release assessments that are relevant to all exporting countries, two conservative assumptions will be made:

1. That if a disease is present in a country, it is present at a sustainable herd-level and within-herd level prevalence. This assumption is based on the premise that prevalence; (a) will be dictated by epidemiological characteristics of the disease, and, (b) is, by nature, dynamic and thus may not remain at the level cited by a particular country at the time that a particular assessment is carried out.

2. That because Australian standards relevant to the slaughter and processing of pigs provide the minimum biosecurity that Australia accepts for commodities for human consumption, the procedures outlined in these standards should be adopted as a benchmark during estimation of a generic unrestricted risk of entry. In this context, ‘relevant Australian standards’ include the Standing Committee on Agriculture and Resource Management (SCARM) reports:

SCARM Report 53 — Construction of Premises for Processing Meat for Human Consumption

SCARM Report 55 — Construction of Premises for Processing Animals for Human Consumption

SCARM Report 80 — Hygienic Production and Transportation of Meat and Meat Products for Human Consumption

Of these documents, SCARM Report 80, which describes Australia’s domestic requirements for the ante-mortem, slaughter and post-mortem procedures relevant to the production of meat for human consumption, is of key importance. This document is discussed further in the description of the release assessment.

Evaluating and reporting likelihood

The quantitative likelihood model

A quantitative likelihood model will be used in this import risk analysis to represent pathways relevant to the importation and utilisation of pig meat, the disposal of pig meat waste, and the possible exposure of susceptible animals in Australia. 

The quantitative model will provide for the following four important technical facilities:

· A framework upon which to base the logical structure of each assessment

· Evaluation of the effect of the ‘volume of trade’ during a specified period 

· Accommodation of ‘uncertainty’ and/or ‘natural variation’ in the likelihood estimate assigned to individual steps in pathways

· The use of ‘sensitivity analysis’ to identify critical steps in each scenario, and thus focus information needs and (where relevant) risk management

A framework upon which to base the logical structure of each assessment

Assessments in this import risk analysis will be carried out according to carefully described importation and distribution scenarios, and a rigorous evaluation of consequences. Consequently, the assessments will be complex and multifaceted, and will require a framework that ensures that all elements are combined in a transparent and consistent manner. One of the principal benefits of the quantitative spreadsheet-based model is that it provides such a framework.

Evaluation of the effect of the ‘volume of trade’ during a specified period 

It is to be expected that as the volume of trade in a commodity during a prescribed period increases, so too will the likelihood of at least one introduction of a disease. Because the volume of trade in a prescribed period affects likelihood, it will also affect risk and, by extension, will be important to the concept of appropriate level of protection (ALOP) — the benchmark against which risk is compared. 

Without a quantitative framework it would be difficult to investigate and to demonstrate transparently or consistently the effect that projected volume of trade may have on the risks associated with the importation of uncooked pig meat.

Accommodation of uncertainty and/or natural variation in the likelihood estimate assigned to individual steps in pathways

One of the requirements of an assessment in which elements are quantified, is that any uncertainty and/or natural variation in individual estimates be incorporated. This is important because quantitative assessments may otherwise appear to convey a degree of ‘precision’ that is not present in either the underlying science, or in the model parameter being estimated. 

The two simulation-based methods used to represent likelihood are explained in the following section (See, Representing Expert Judgements and Quantitative Data). 

The use of ‘sensitivity analysis’ to identify critical steps in each scenario, and thus focus information needs and (where relevant) risk management

Sensitivity analysis is a procedure that can be performed using the output from a quantitative assessment. In this context, sensitivity analysis ranks the model variables (in this case, either step likelihoods, or other variables such as test sensitivity that are used to calculate step likelihoods) according to their correlation with the output. 

Estimates for variables that are highly correlated with the model output should be as robust as possible. In some situations, it will be important to identify such variables and, where they cannot be estimated with assurance, to re-model these using extreme values or probability distributions above and below those that are believed to be most realistic. Such manual re-analyses are termed ‘sensitivity simulations’, and may provide a means by which to determine whether a lack of precise knowledge might lead to misrepresentation of the final risk.

Representing expert judgements and quantitative data

Each step in the quantitative model will be estimated, and subsequently represented, using one of two interchangeable approaches:

· A simple Uniform probability distribution representing a qualitative expert judgement of probability, or likelihood

· A more precise probability distribution representing quantitative data or other scientific evidence on a probability, or on estimates of other numeric quantities such as counts and volumes.

Modelling qualitative expert judgment

Quantitative data will not be available to support many of the probabilities to be assigned to the pathway steps considered in this analysis. Likelihoods assigned to these steps will be subsequently based on expert judgements, and modelled using the qualitative descriptors described in Biosecurity Australia’s Guidelines for Import Risk Analysis. 

These terms are outlined in Table 1.

Table 1 Nomenclature for qualitative likelihoods

	Likelihood
	Descriptive definition

	High
	The event would be very likely to occur

	Moderate
	The event would occur with an even probability

	Low
	The event would be unlikely to occur

	Very low
	The event would be very unlikely to occur

	Extremely low
	The event would be extremely unlikely to occur

	Negligible
	The event would almost certainly not occur


In order to ensure consistency in the usage and interpretation of these six terms and definitions, and to provide a framework under which they could be logically and transparently combined, the 0-1 interval for likelihood will be divided into six categories. Events considered almost certain to occur will be assigned a likelihood of 1.
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0.3 
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Extremely low


10-6 
(
0.001

Negligible


0 
( 
10-6
The boundaries adopted for qualitative likelihoods are, again, those described in the Biosecurity Australia Guidelines for Import Risk Analysis. In choosing these boundaries, it was important to provide a system that could be adopted by those whose task it is to review scientific evidence and estimate likelihoods. It was also important to ensure that the categories are neither overly precise nor constrictive, nor so broad as to lose the precision that may have been present in the original body of scientific evidence. Accepting these requirements, it was not critical that the categories are of equal width, or that they are assigned according to a predefined arithmetic or logarithmic scale. Overall, the emphasis was on useability and, once defined, a system that would enable experts to use the corresponding terms and definitions (Table 1) consistently. 

For example, an expert presented with the descriptors and probability ranges shown above might consider ‘the likelihood that an infected animal will be sent to slaughter’ to be ‘low’.

In making this choice, the expert would have considered the likelihood to be less than the broad band representing an approximately even (moderate) probability, but not so low as to be in a range dominated by small fractions of a percent.

Likelihoods described under this nomenclature will be subsequently combined using a spreadsheet-based simulation model. This model will be constructed in Microsoft Excel, and run using the spreadsheet add-on software, @Risk (© 2001, Palisade Corporation, USA). 

This will be achieved by representing each of the six semi-quantitative likelihood categories as a ‘Uniform probability distribution’ (abbreviated ‘Uniform distribution’). A Uniform probability distribution (also called a Rectangular probability distribution) is one that has a maximum and minimum value, but for which the continuous spectrum of values in between these limits each occurs with the same probability. 

The parameters of each of these six Uniform distributions (their maximum and minimum values) will be obtained from the boundaries of the corresponding probability category.

High 



L ~ Uniform (0.7, 1)

Moderate


L ~ Uniform (0.3, 0.7)
Low



L ~ Uniform (0.05, 0.3)

Very low


L ~ Uniform (0.001, 0.05)

Extremely low


L ~ Uniform (10-6, 0.001)

Negligible


L ~ Uniform (0, 10-6)

An example of a Uniform distribution for a ‘very low’ likelihood (L) with minimum value of 0.001 and a maximum value of 0.05 is shown in Figure 2 below. Using the notation explained above, this distribution can be written in shorthand as L ~ Uniform (0.001, 0.05).

Thus, a likelihood described by an expert presented with the descriptors and probability ranges shown above as ‘Low’, will be represented using a Uniform probability distribution with parameters, minimum = 0.05 and maximum = 0.30. 

This would imply that the true likelihood might fall anywhere in the range 0.05 to 0.30, but that no particular value in this range is considered by the analyst to be more likely than any other.

Modelling quantitative data

Quantitative data on a probability, or on estimates of other numeric quantities such as counts and volumes, will be modelled either as a point estimate or, more commonly, as a probability distribution. The shape and parameters of this distribution will depend on the nature of the variable being modelled and the completeness of available data. In many cases, however, the Pert distribution (a special case of the Beta distribution) will be used. 

The Pert distribution has three parameters, namely, its minimum, most likely and maximum values. The advantage of the Pert distribution over the very simple Uniform distributions described above is that it allows values that are considered more likely to occur, to be modelled as such. The distribution may resemble the familiar ‘bell curve’ although, unlike the Normal distribution upon which the bell curve is based, it need not be symmetrical and can be limited or constrained to designated maximum and minimum values. 

An example of a Pert distribution for a likelihood (L) with a minimum value of 0.001, a most likely value of 0.0255 and a maximum value of 0.05 is shown in Figure 2 below. Using the notation explained above, this distribution can be written in shorthand as L ~ Pert (0.001, 0.0255, 0.05).

Figure 2 Uniform and Pert probability distributions
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Summary: evaluating and reporting likelihood

The likelihood component of this analysis will be based on a quantitative model. Simple Uniform probability distributions will be used to represent expert judgements, whilst more precise probability distributions such as the Pert in Figure 2 above, will be used where quantitative data is available. 

The likelihood model is considered to be ‘stochastic’, because probability distributions rather than point estimates are used to represent likelihoods, proportions and other model inputs (such as volume of pig meat and numbers of waste units). The outcome of a stochastic model will also be a distribution, rather than a point estimate. Interpretation of this probability distribution(s) will be based on its correlation with Biosecurity Australia’s six likelihood categories (see above). Where the distribution spans more than a single range, a conservative (95th) percentile will be used to determine that which should be reported.

Release assessment

Steps in the release scenario

The ‘biological pathway’, or ordered sequence of steps undertaken in sourcing, processing and exporting a commodity, is termed its ‘release scenario’. The initiating step for the release scenario for pig meat will be the sourcing of slaughter age pigs in the exporting country, while the end-point is ‘the arrival in Australia’ of infected pig meat. In this context, ‘arrival in Australia’ is taken to mean the release of imported pig meat from the port of entry - whether this is an airport or a shipping port.

In the Technical Issues Paper it was stated that:

“… the definition of ‘pig meat’ is limited to porcine muscle tissue, blood confined to muscle vasculature, bone and bone marrow, and any other tissues (for example, lymph nodes) that may be considered inseparable from muscle. 

And that;

Inter alia, this approach means that the issues associated with the introduction of disease agents as a result of the importation of ‘pig meat products’ derived from offal, blood, bone or neurological tissue, will not be considered.”

This definition will be continued in this method document, and in the ensuing Draft IRA Report. It should be noted that a carcass could include the head, but with neurological tissue and tongue removed.

A conceptual representation of the release scenario for uncooked pig meat is presented in Figure 3. Likelihoods assigned to steps in the release scenario (R1 - R6) will be evaluated and reported using the terms and definitions in Table 1. In each case the step-level likelihood represents ‘the probability that infection will not be detected at that step, or that the infectious agent will not be inactivated’. The likelihood is ‘conditional’, because it is based on the assumption that the commodity has remained infected up until the start of the step in question. 

· Step 1 (R1): slaughter age pigs selected from an infected herd

· Step 2 (R2): infected individual pig selected from an infected herd

· Step 3 (R3): infected pig not detected, nor the pathogenic agent removed, as a result of ante-mortem and post-mortem requirements described in SCARM Report 80
· Step 4 (R4): pathogenic agent present in the meat harvested from an infected pig

· Step 5 (R5): pathogenic agent in infected meat not destroyed by the post-mortem drop in muscle pH

· Step 6 (R6): pathogenic agent in infected meat not destroyed by refrigerated storage and transport.

For some enteric organisms, it may be additionally important to consider contamination of muscle tissue within the abattoir or meat processing plant. The likelihood that a pathogenic agent will contaminate muscle tissue at the time of slaughter, evisceration, de-boning or during the dressing of the carcass (or within any of the steps taken in the further processing of a meat product) will depend on the physical characteristics of the pathogenic agent and this will be discussed within individual pathogenic agent assessments.

Figure 3 Release scenario
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R1: The likelihood to be assigned to Step 1 will represent the prevalence of infected herds within the country from which pig meat will be sourced. Regardless of the causative agent, herd prevalence is likely to fluctuate with changes in disease dynamics within an infected country (the number of infectives, the number of susceptibles, the potential for adequate contact or transmission, etc). This will in turn be influenced by a range of environmental, human and epidemiological factors. 

Given its dynamic nature, the herd prevalence of each identified disease will be modelled conservatively by adopting a value considered sustainable in an endemically infected country, zone or region. It is recognised that serological evidence of infection often forms the basis of determining herd prevalence, and although this indicates exposure to the pathogenic agent it may not reflect active infection at the time of testing. Herd prevalence will be discussed further within the risk assessment for each identified pathogenic agent.

R2: The likelihood to be assigned to Step 2 will represent the prevalence of infected animals within an infected herd. Given the raft of human, environmental and epidemiological factors that will influence group-level disease dynamics, this likelihood is unlikely to be stable within any given herd, or consistent among infected herds. For this reason, the within-herd prevalence of each identified disease will be modelled conservatively by adopting a value considered to represent the prevalence sustainable within an endemically infected herd. Within-herd prevalence will be discussed further in the risk assessment for each identified pathogenic agent.

R3: The likelihood to be assigned to Step 3 will represent the probability that each pathogenic agent will not be detected as a result of controls and procedures carried out accordance with requirements dictated in the relevant Australian standards. 

Of particular importance are; (a) Part 3, article 8, and Schedule 3 (b) Part 3, article 10 and Schedule 2 and Schedule 3 of SCARM Report 80 (Hygienic Production and Transportation of Meat and Meat Products for Human Consumption), which describe the ante-mortem and post-mortem procedures (respectively) that Australia considers to provide the minimum level of sanitary protection acceptable for meat products. 

More specifically, ante- and post-mortem procedures identified in SCARM Report 80 provide ‘criteria’ with which to assess the likelihood that each identified pathogenic agent or its associated disease syndrome would not be detected. These criteria, which are based on the visibility (ante-mortem and/or post-mortem) of pathological changes associated with each disease process, are discussed further within the assessment for each identified pathogenic agent. 

R4: The likelihood to be assigned to Step 4 will represent the probability that each pathogenic agent will be present in meat harvested for export. 

In the bacteraemic or viraemic phase of an infection, it is possible for a pathogen to ‘infect’ or to passively ‘contaminate’ muscle tissue. 

· Infection of muscle tissue may occur as a result of a break in the barrier offered by skin and subcutaneous tissue, by translocation of the organism through the bloodstream or as a result of the migration of an organism from another site in the animal’s body. 

· Contamination of muscle tissue may occur as a result of a break in the animal’s skin, or through the presence of contaminated blood or lymph in muscle vasculature at the time of slaughter. Depending on characteristics of the pathogenic agent and the stage of infection, organisms may be present in serum or extra-cellular fluid, or may invade the animal’s red or white blood cells. It follows that the successful bleeding of a carcass immediately following slaughter will tend to decrease the likelihood of muscle contamination by this route or, where contamination has occurred, to decrease the number of organisms per unit of contaminated muscle tissue.

In this analysis meat described as ‘infected’ will include both the terms infection and contamination of muscle tissue as described above.

This likelihood will be discussed further within the assessment for each identified pathogenic agent. 

R5: The likelihood to be assigned to Step 5 will represent the probability that a pathogenic agent will not be destroyed by the post-mortem decrease in muscle pH that accompanies carcass maturation. The pH of muscle falls during the onset of rigor mortis as a result of the accumulation of lactic acid. 

The final pH of muscle is affected by factors including breed, ante-mortem stress, and the processing system  QUOTE "(Gregory, 2000; Tornberg, 2000)" 
(Gregory, 2000; Tornberg, 2000)

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00é\00\00\00'J:\5CANIMAL_Q\5CProjects\5CPig\5Cref\5Cpigref.pdt\13Tornberg 2000 #3280\01\02\00\08\00àà\00\00\00\00\00\00¨?ø\00\01\00\00\00¨\19=\00è\1Cx\00Þ\04\0A\00\01\00\00\00\08°\1F\00\0B\00\00\00\00\00\00ºI_\18Öõ\00\01\00\00\00\01\00\00\00\00\00\00\00´ô\12\000¬W\00ÿÿÿÿ 
. The pH of meat may also differ among different muscle groups. Finally, pH does not fall to the same level during rigor mortis in blood clots, bone marrow, lymph nodes and viscera and, for this reason, the antimicrobial properties of meat that has not been properly bled, or meat products that contain these carcass elements may differ (Blaha, 1989). 

Low pH values (< 5.7) are associated with pork of lesser quality (pale, soft, exudative; and red, soft, exudative pork) whereas pH values above 6.2 are associated with darker, less desirable pork called DFD (dark, firm and dry meat)  QUOTE "(Tornberg, 2000; van Laack, 2001)" 
(Tornberg, 2000; van Laack, 2001)

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00ç\00\00\00'J:\5CANIMAL_Q\5CProjects\5CPig\5Cref\5Cpigref.pdt\14van Laack 2001 #3260\01\02\00\09\00àà\00\00\00\00\00\00(»ö\00\01\00\00\00¨\19=\000.x\00â\04\04\00\01\00\00\00\08°\1F\00\0B\00\00\00\00\00\00ºI_PÖô\00\03\00\00\00\05\00\00\00\00\00\00\00´ô\12\000¬W\00ÿÿÿÿ 
.

In view of these factors, it cannot be assumed that the pH of meat harvested for export will attain a pH lower than 6.2. This value was subsequently adopted as a conservative benchmark for the purposes of this analysis, and the likelihood that each identified pathogenic agent will be inactivated at or above pH 6.2 will be discussed further within the individual assessments.

R6: The likelihood to be assigned to Step 6 will represent the probability that a pathogenic agent will not be destroyed during cold storage and transport. It is difficult to be prescriptive about the period of storage prior to the arrival of the commodity in Australia, because this may vary substantially among pig meat products, consignments and exporting countries. It is reasonable, however, to expect that the period of storage will be at least 2-3 days. 

It is also difficult to be prescriptive regarding the temperature during storage and, indeed, it is likely that a substantial proportion of imported pig meat will be frozen. It is, however, stated in the Australian Standard for Hygienic Production and Transportation of Meat and Meat Products for Human Consumption (SCARM Report 80) that the surface temperature of carcasses should not be more than 7ºC, and that the internal temperature of meat other than carcasses should not be more than 5ºC. Because all exporting countries must at least equal these conditions, they were adopted in the analysis as a conservative benchmark. This likelihood will be discussed further within the assessment for each identified pathogenic agent.

Calculation of the likelihood of entry

Step likelihoods for the release assessment will be combined using the spreadsheet-based simulation approach to give the overall likelihood that ‘imported pig meat that has been derived from a single carcass will be infected’. This will be termed the ‘likelihood of entry’, and will be calculated as shown in Table 2 below.

It can be seen from this table that the ‘unit’ chosen for the likelihood of entry is ‘meat derived from the carcass of a single infected pig’. Meat from the carcass of a single infected pig was chosen to be the unit for these assessments because; 

· The infection status of an individual animal forms the basis for disease dynamics in a population

· Infection, if present, is likely to affect all carcass cuts equally

· The concept of a carcass, or a ‘carcass equivalent’, provides a simple and intuitive unit upon which estimates can be based

Table 2 Calculation of the likelihood of entry

	Variable
	Description and calculation / estimation

	LE
	The likelihood that imported pig meat that has been derived from a single carcass will be infected

= 
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	R1
	The likelihood that a source herd is infected

= disease specific

	R2
	The likelihood that a slaughter age pig is infected

= disease specific

	R3
	The likelihood that the pathogenic agent will not be detected as a result of controls and procedures carried out accordance with requirements dictated in the relevant Australian standards

= 
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	R3.1
	The sensitivity of ante-mortem, slaughter and processing requirements described in SCARM Report 80
= disease specific

	R3.2
	The specificity of ante-mortem, slaughter and processing requirements described in SCARM Report 80
= disease specific

	R3.3
	The likelihood that a carcass will be infected, given that it has completed inspection

= 1 - the ‘Negative Predictive Value’ for ante-mortem, slaughter and processing requirements described in SCARM Report 80
= 
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	R4
	The likelihood that the pathogenic agent will be present in meat harvested for export

= disease specific

	R5
	The likelihood that the pathogenic agent will not be destroyed by the post-mortem decrease in muscle pH that accompanies carcass maturation

= disease specific

	R6
	The likelihood that the pathogenic agent will not be destroyed during cold storage and transport

= disease specific


LE
= Likelihood of entry

Rn
= The likelihood assigned to the nth step in the release assessment
Exposure assessment

Projected volume of trade in uncooked pig meat

An estimate of the volume of uncooked pig meat that might be imported if trade were permitted without restrictions will be based on current import trends and possible future market penetration. 

Currently, approximately 40,000 tonnes of pig meat are imported annually and have been increasing since 1998 (Figure 4). Most imported pig meat is used for the manufacture of smallgoods due to the quarantine requirement that pig meat from Canada and Denmark be cooked on arrival in Australia. Currently imports equate to about 11% of Australia’s total pig meat production. In 2001 total pig meat production in Australia was 377,889 tonnes. 
 In the absence of quarantine restrictions (unrestricted risk) it is likely that the annual volume of trade will increase still further. 

In considering likely future market penetration in the absence of quarantine restrictions such as post arrival processing, information was obtained from New Zealand, which until recently permitted bone-in frozen product (not subject to post arrival processing controls). Last year imports constituted approximately 28% of New Zealand’s total pig meat production.
 

Based on the current trend of increasing imports of pig meat in Australia and market penetration in New Zealand, the Panel considers that unrestricted pig meat imports may constitute 20% of the Australian market, this represents approximately 75,580 tonnes per year. To accommodate these figures, and to take account of the uncertainty around them, the annual volume of trade in pig meat will be modelled as a Pert distribution, with a minimum value 11% (or 41,569 tonnes), most likely value 20% (or 75,580 tonnes) and maximum value 30% (or 113,369 tonnes). This distribution is illustrated in Figure 5. 

Figure 4 Australian pig meat imports — 12 month moving total and trend line
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Figure 5 A Pert distribution for the annual volume of trade in pig meat
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Distribution and utilisation of pig meat in Australia

Distribution pathways

Under current quarantine requirements, uncooked pig meat imported into Australia must be cooked immediately on arrival. The exception is pig meat imported into Australia from the South Island of New Zealand. Consequently, imported pig meat is used almost exclusively for the manufacture of smallgoods. However, because the risk assessments in this analysis will be undertaken firstly on an ‘unrestricted’
 basis, it will be necessary to assume that imported pig meat will be distributed as if it were domestically produced, and that households and food service establishments (restaurants, cafes, take-away fast food outlets, institutions etc) will also have access to imported product. 

Fresh or frozen pig meat might be imported directly to smallgoods manufacturers, or channelled to smallgoods via wholesalers. Smallgoods would then be sold directly or through retailers to food service establishments, and through retailers to households. In the research project Pigs and Pigmeat  QUOTE "(Industry Commission (IC), 1995)" 
(Industry Commission (IC), 1995)
, estimates provided by the Australian Pork Corporation (APC) (now part of Australia Pork Limited) suggest that between 35 and 40% of domestically produced pig meat is sold to households and food service establishments as fresh meat. The remaining 60 to 65% of domestically produced pig meat is used in manufacture of smallgoods. Smallgoods are then sold on to households and food service establishments. These industry statistics are dated, but are likely to be reasonably relevant to current trends.

Distribution pathways for pig meat are illustrated in Figure 6.

Proportion of pig meat purchased by food service establishments

Statistics on the proportion of pig meat (fresh meat and smallgoods) purchased by food service establishments are not available. However, it is known that 19% of the total gross value of domestically produced fresh and frozen pig meat is purchased by food service establishments  QUOTE "(BIS Shrapnel, 2002)" 
(BIS Shrapnel, 2002)
. Because food service establishments may purchase more expensive cuts, the proportion of fresh and frozen pig meat purchased on a volume basis is likely to be less than 19%. 

With regard to the proportion of smallgoods purchased by food service establishments, information from a smallgoods manufacturer indicates that approximately 13 to 20% of smallgoods are purchased by these establishments. 

Some information is also available on the number of meals eaten away from home. In an Australian study  QUOTE "(Cashel, 2001)" 
(Cashel, 2001)
, it was reported that, on average, one out of seven evening meals (14%) were eaten away from home. Alternatively, a study of the Australian food service sector  QUOTE "(Foreign Agricultural Service/USDA, 2000)" 
(Foreign Agricultural Service/USDA, 2000)
 estimated that in 1998, approximately 222 meals per head of population were served by the food service industry, with growth anticipated to be 4% annually over the next 2 years. If it is assumed that Australians would consume three meals a day over the 365 days of the year, then 222 meals per head per year represents approximately 20% of all meals. A more recent Australian survey estimated that approximately 30% of meals are eaten outside the home.
 Because some of the meals provided by the food service industry are considered ‘snacks’, and thus in addition to the three main meals, the figure of 30% may be somewhat higher than the true proportion. 

To accommodate these figures, and to take account of the uncertainty around them, the proportion of pig meat purchased by food service establishments as fresh meat and smallgoods will be modelled as a Pert distribution with a minimum value 15%, most likely value 25%, and maximum value of 30%.

Proportion of pig meat purchased by households

As with food service establishments, statistics are not available on the proportion of pig meat (fresh meat and smallgoods) purchased by households. However, it follows that if food service establishments purchase approximately 25% then householders purchase the remainder. On this basis, the proportion of imported pig meat likely to be purchased by households will be modelled as the complement (i.e. one minus) the proportion likely to be purchased by food service establishments.

Figure 6 Distribution pathways for imported pig meat
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Proportion of pig meat discarded as waste

The Panel considers that susceptible animals in Australia would most likely gain access to uncooked, inadequately cooked or processed pig meat through scraps discarded by households or food service establishments. Cooked and processed pig meat scraps will be included in the analysis because cooking and processing may not have been carried out to a level sufficient to inactivate the pathogenic agents under consideration. In addition, it is known that some pathogenic agents can persist in bone marrow and lymph nodes, and yet be inactivated in muscle tissue that is heat treated. It is also known that certain processes such as fermentation, cooking at low temperatures or for short periods may not result in inactivation  QUOTE "(Blackwell, et al., 1985)" 
(Blackwell, et al., 1985)
. 

Wholesalers or smallgoods manufacturers generate very little waste, and that which is produced is generally diverted through a range of composite products, or heat rendered. Rendering in Australia utilises both wet and dry procedures, although in either case the minimum temperature is engineered to be approximately 120(C  QUOTE "(Quinn, et al., 2001)" 
(Quinn, et al., 2001)
. The pathogenic agents identified in this IRA would be inactivated by rendering under Australian conditions, and this pathway will not be considered further.

Although carcasses may be imported it is likely that the majority of pig meat imported will be as boxed meat either bone-in or de-boned, hence there will be minimal trimming. This assumption is supported by information available on types of pig meat imported into New Zealand. For example, in 2001, 84% of fresh, chilled or frozen pig meat imported into New Zealand was as boneless cuts, 15.3% as bone-in cuts and 0.7% as carcasses.

Some carcass by-products may also be utilised by pet food manufacturers (pet food does not include stockfeeds for livestock). The Panel considers that if imported pig meat poses a quarantine risk to Australia, this will become apparent through the major distribution pathways (i.e. households and food service establishments). Any potential risk of exposure to susceptible animals to infected imported pig meat via pet food products will be examined in the context of risk management.

The proportion of pig meat purchased by food service establishments and discarded as waste

Statistics are not available on the proportion of pig meat purchased by food service establishments and subsequently discarded as waste. Indeed, this proportion is both complex and highly variable, because it incorporates factors associated with the amount of waste generated by different cuts of meat or smallgoods products, as well as the amount of waste generated from uneaten or partially eaten meals. The proportion is, however, likely to be higher than the equivalent proportion of pig meat waste from households, where meat is purchased for a smaller number of very specific meals, and where the cost associated with waste cannot be passed on to a consumer.

The proportion of pig meat purchased by food service establishments and subsequently discarded as waste will be modelled in this analysis as a multiple of the Pert distribution used to model the equivalent proportion of pig meat waste from households (see below). The multiple used will be allowed to vary between 110 and 150%, with a most likely value of 120%. The multiple will be modelled as a Pert distribution with these parameters.

The proportion of pig meat purchased by households that is discarded as waste

As was the case for food service establishments, statistics are not available on the proportion of pig meat purchased by households and subsequently discarded as waste.

However, an informal survey of personnel in a Government department with households ranging from 1 to 6 persons revealed that most consumers may discard between 1 to 10% by volume of purchased pig meat. This will vary with the cuts of meat purchased. For example, pork purchased for stir-fry dishes will generate very little waste, while pork chops will generate substantially more waste. Smallgoods, with exception of bone-in ham and bacon, are generally purchased in waste-free or consumer-ready form. 

The Panel is currently seeking to categorise pig meat cuts and products on the basis of the amount of waste generated, and to enumerate the proportion of each category that is purchased by households throughout a year. It will be necessary to project these estimates for a year, as consumption of pig meat in Australia is strongly seasonal. Assistance with this study will be sought from the Australian industry and from other relevant parties.

Projected volume of pig meat discarded as waste

The projected volume of imported pig meat discarded as waste per year will be calculated as the sum of the wastes generated by each group (households, food service establishments). Projected amounts of wastes generated by wholesalers and smallgoods manufacturers from imported pig meat are considered to be negligible in quantity and will not be included in this calculation.

The amounts of waste generated by households and food service establishments will be estimated independently, and subsequently summed, as shown in the formula below:
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The amount of waste (kg) that may be generated by households in a 12-month period will be calculated as shown in the formula below:
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Where;

	Total imports
	=
	the projected total volume of pig meat imported in a 12 month period (kg)

	Prop HH
	=
	the proportion of imported pig meat likely to be purchased by households as fresh meat and smallgoods

	Propwaste HH
	=
	the proportion of pig meat purchased by households that is discarded as waste (including cooked, uncooked and processed)


The amount of waste (kg) that may be generated by food service establishments in a 12-month period will be calculated as shown in the formula below:
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Where;

	Total imports
	=
	the projected total volume of pig meat imported in a 12 month period (kg)

	Prop FSE
	=
	the proportion of imported pig meat likely to be purchased by food service establishments as fresh meat and smallgoods

	Propwaste FSE
	=
	the proportion of pig meat purchased by food service establishments that is discarded as waste (including cooked, uncooked and processed)


Waste units

The annual likelihood of exposure of susceptible animals to infected imported pig meat waste will be related to the number of exposure opportunities that may occur. An exposure opportunity is considered to be the exposure of one susceptible animal to a quantity of pig meat waste (‘waste unit’) that is no larger than could be consumed by the animal in one day.

The number of waste units potentially generated in a 12-month period will be calculated as shown in the formula below:
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Where;

	Waste TOTAL
	=
	the total amount of waste from imported pig meat generated by households and food service establishments (kg)

	Waste SIZE
	=
	the size of a waste unit (kg)


The size of a unit of discarded waste will be difficult to estimate, as it may vary amongst the cuts of meat and types of smallgoods, and with the behaviour of consumers. 

Given this, the size of a waste unit is likely to lie between as little as 10g (or 0.010kg) and as large as a pile of carcasses, which may be discarded in the event of a freezer malfunction. In the context of this analysis, the maximum size of a waste unit is considered to be the maximum amount of meat that a pig would be likely to obtain and immediately ingest. Although not directly analogous, it is known that lactating sows may consume as much as 5kg of feed per day  QUOTE "(Choquenot, et al. 1996)" 
(Choquenot, et al. 1996)
. This will be adopted as the maximum size of a waste unit.

The distribution for the size of a waste unit will be bound by the minimum (10g) and maximum (5kg) discussed above, and allowed to vary between these with a most likely value of 250g. The size of a waste unit (Waste Size) will subsequently be modelled as a Custom probability distribution with those parameters.

Table 3 Calculation of the number of waste units

	Variable
	Description and calculation / estimation

	Waste units Total
	The number of waste units potentially generated in a 12 month period

	
	= 
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	Waste Total
	The total amount of waste from imported pig meat generated by households and food service establishments (kg)

	
	= Waste HH + Waste FSE

	Waste Size
	The size of a waste unit (kg)

	
	= Custom (0.01, 0.25, 5.0)

	Waste HH
	The amount of waste (kg) that may be generated by households in a 12 month period

	
	= Total imports x Prop HH x Propwaste HH

	Waste FSE
	The amount of waste (kg) that may be generated by food service establishments in a 12 month period

	
	= Total imports x Prop FSE x Propwaste FSE

	Total imports  
	The projected total volume of pig meat imported in a 12 month period (kg)

	
	= Pert (41.57 x 106, 75.58 x 106, 113.37 x 106)

	Prop HH
	The proportion of imported pig meat likely to be purchased by households as fresh meat and smallgoods

	
	= 1 – Prop FSE

	Propwaste HH
	The proportion of pig meat purchased by households that is discarded as waste (including uncooked, cooked and processed)

	
	This is currently being researched

	Prop FSE
	The proportion of imported pig meat likely to be purchased by food service establishments as fresh meat and smallgoods

	
	= Pert (0.15, 0.25, 0.30)

	Propwaste FSE
	The proportion of pig meat purchased by food service establishments that is discarded as waste (including uncooked, cooked and processed)

	
	= Pert (1.10, 1.20, 1.50) x Propwaste HH


Exposure groups

The term ‘exposure group’ denotes a category of animal (whether based on its species or the manner in which it lives or is managed) that may be susceptible to one or more of the pathogenic agents considered in the risk assessments. 

Four groups of animals that may be directly exposed to uncooked pig meat scraps were identified.
 

3. Feral pigs: wild porcines of the Sus scrofa species

4. Backyard pig-producers: non-commercial enterprises with less than 10 sows

5. Small pig-producing enterprises: commercial enterprises with between 10 and 99 sows

6. Other susceptible species: membership of this group will vary among the identified pathogenic agents, but may include rats and other rodents, carnivorous or omnivorous bird life and other species that are either fed scraps, or have a propensity for scavenging

Commercial enterprises with more than 99 sows will not be considered to be at risk of ‘direct’ exposure to meat scraps. Several issues support this contention. Firstly, evidence in Australia suggests that larger commercial piggeries are extremely unlikely to engage in illegal swill feeding. In recent years there have been few prosecutions for illegal swill feeding, but nearly all involved backyard pig producers. There has been one report of a small commercial piggery feeding illegal swill to up to 20 sows.
 Secondly, biosecurity is recognised by most commercial pig producers to be a critical management issue
, such that pigs in large commercial herds are effectively ‘quarantined’ as regards new introductions or the feeding of substrates other than their prescribed diet. Finally, because growth rate is one of the important determinants of efficient pig production, most medium-to-large piggeries institute carefully designed feeding regimens. 

The four exposure groups are illustrated in Figure 7. 

Figure 7 Exposure groups for imported pig meat
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Each of the four exposure groups (and the remaining group of medium-to-large piggeries) might also be exposed to imported pathogenic agents through a range of ‘indirect’ routes. For example, pigs kept in small piggeries might eat rats (one of the ‘other susceptible species’) that have consumed meat scraps infected with one of the identified hazards. Indirect exposures were considered in the assessment of ‘establishment and/or spread’ scenarios, or ‘outbreak’, scenarios, and are discussed elsewhere in the document (see, Consequence Assessment).

Finally, Figure 7 shows; (a) the consumption of pig meat ‘scraps’ by pigs, or by other animals excluding humans, and, (b) the consumption of imported pig meat by humans. This IRA will not directly examine the public health risks to humans associated with the direct consumption of imported pig meat. The IRA will, however, consider the role of humans in the epidemiology of exotic diseases and, where relevant, any consequences that may be associated with the indirect exposure of humans to exotic pathogenic agents (zoonoses) amplified or transmitted by susceptible animals. These issues are discussed in the context of ‘outbreak scenarios’ (see, Consequence Assessment).

Biosecurity Australia liaises with the Department of Health and Aged Care and Food Standards Australia New Zealand (FSANZ) on public health issues. Products, intended for human consumption, may undergo a separate risk assessment by FSANZ to determine the public health risks. Imported food must comply with the Imported Food Control Act 1992 and the Food Standards Code developed under Food Standards Australia New Zealand Act 1991. Consequently, AQIS may inspect, sample, hold and test imported pig meat based on issues of public health, including microbial agents or residues of public health concern, and compliance with the Food Standards Code. 

Exposure assessment for feral pigs

Feral pigs may act as hosts and/or vectors for many of the pathogenic agents considered in this IRA. 

The Panel considers that feral pigs would most likely gain access to infected imported pig meat through scavenging meat waste from refuse. Environmental Management Services Pty Ltd (EMS) carried out a consultancy project for AFFA entitled Report on Factors Affecting the Exposure of Australian Animals to Imported Pig Meat (submitted 1999). This report provided information concerning the potential for interaction between human and feral pig populations, and the management of Australian refuse dumps. As these factors vary across Australia, the assessment was stratified into three sectors of the population:

· Remote regions and properties

· Rural regions, towns and settlements

· Large towns

The exposure assessment will also be based on these three sectors. Importantly, a separate annual likelihood of exposing feral pigs will be derived for each sector, and these subsequently combined to give an overall exposure assessment for feral pigs.

The exposure assessment for each sector will be based on the binomial equation shown below. This equation calculates the likelihood that the generation and disposal of waste for a particular sector (A, B or C) will result in the exposure of at least one feral pig during the period of a year. 

Annual Likelihood of Entry and Exposure Sector (remote, rural, large towns) = 1 – (1 – P) N
Where;

	P
	=
	the probability that each unit of waste discarded in that sector will result in exposure

	N
	=
	the number of waste units generated and discarded each year in that sector


Probability (P) that each unit of waste will result in exposure

P is a complex variable, and will be calculated in the assessment for each of the three sectors as the product of the following:

· The likelihood that a waste unit is infected

· The likelihood that a waste unit would contain a sufficient dose of the pathogenic agent to initiate infection

· The likelihood that the pathogenic agent would remain viable during the period prior to scavenging

· The likelihood that the waste unit would be accessible to a feral pig

· The likelihood that a waste unit would be located by a feral pig

These variables are explained in turn in the text below.

The likelihood that a waste unit is infected

In probability terms, this is equivalent to the result of the release assessment. It follows that this likelihood will not differ amongst sectors (remote, rural and large towns), but will be specific to individual disease assessments.

The likelihood that a waste unit would contain a sufficient dose of the pathogenic agent to initiate infection

The quantity of infected meat sufficient to initiate infection will depend upon the concentration of an agent in meat and the oral infectious dose (OID) for that agent. 

Both these quantities vary substantially among pathogenic agents although, in most cases, will be determined by the stage and severity of the viraemia / bacteraemia / parasitaemia in the animal from which the meat was derived and, for some disease agents, by the particular carcass cut. Infectious load may also be determined by the proportion of organisms that remain viable at the time the meat is consumed, such that the minimum infectious dose for fresh meat may be substantially different to the minimum infectious dose for discarded meat scraps. Virulence and infectivity are inherent properties of each pathogenic agent, and may also be important determinants of minimum infectious dose. 

Where possible, estimates of the sufficient quantity of infected pig meat required to initiate infection will be based on robust scientific data. However, there will be instances where this value is either unknown or contentious. In these situations, conservative estimates will be derived by comparing existing information with that obtained for similar or related pathogenic agents. As is the case for all variables in this analysis, uncertainty in this quantity is represented in the limits of each probability distribution

This likelihood will not differ in a predictable manner amongst the three sectors, but will be specific to individual disease assessments.

The likelihood that the pathogenic agent would remain viable during the period prior to scavenging

The likelihood that a pathogenic agent would remain viable after exposure to the environment will depend on the inherent ‘stability’ of each agent. In particular, this likelihood will reflect the agent’s sensitivity to UV light, to ambient temperatures between approximately 10(C and 35(C
 and to the putrefying effects of saprophytic organisms. It is recognised that pathogenic agents may be protected somewhat from exposure if they are sequestered within bone marrow or within substantial portions of muscle tissue. 

This likelihood will not differ in a predictable manner amongst the three sectors, but will be specific to individual disease assessments.

The likelihood that the waste unit would be accessible to a feral pig

This likelihood encompassed factors associated with the security and management of refuse disposal sites. The Panel recognises that feral pigs may occasionally gain access to pig meat scraps other than those disposed of at refuse sites such as those discarded at barbeques or picnics. Nonetheless the vast majority of pig meat wastes will be disposed of at refuse sites and this pathway is considered in the analysis. 

The management of refuse disposal in Australia is undergoing a systematic process of improvement as State Governments dictate, and local authorities implement, modern procedures. The EMS consultants found that the NSW Landfill Guidelines produced by the NSW Environment Protection Authority (EPA) to be the most comprehensive and advanced. This document describes four issues that may influence the ability of feral pigs to gain access to human refuse:

· The security of the site

· Compaction of waste

· The regular covering of waste

· Site capping - the final coverage of waste as a dumping area is sealed

The security of a refuse disposal site is the most significant barrier to scavenging by feral pigs. The NSW EPA recommends that (urban) sites receiving more than 250,000 tonnes per annum require a perimeter barrier of no less than 1.8m. Smaller rural sites require a stock-proof perimeter fence and a barrier of no less than 1.8m around active tipping areas. The EMS consultants concluded that few rural refuse disposal facilities achieved this level of protection. 

Compaction of waste is carried out to minimise its dispersion and maximise the efficiency of land use. Compaction would also decrease the ability of animals to scavenge material that was not on the surface. The EPA recommends that sites receiving less than 50,000 tonnes per annum (the majority of sites) be compacted to 650kg/m3, and that compaction be carried out prior to covering and/or site capping (see below). The EMS consultants concluded that while compaction to this degree might discourage feral pigs, they are well adapted to digging and would not be deterred if sufficiently motivated by hunger.

The NSW EPA requires that a daily cover of at least 15cm be applied at all manned sites, and that a cover of at least 30cm be applied to sites that will be exposed for more than 90 days without capping (see below). The EMS consultants concluded that because many of the higher risk rural sites will not be manned, this measure is unlikely to reduce the likelihood that feral pigs will scavenge meat scraps. In addition, because feral pigs have an exceptional facility for scent location of food sources and are, as mentioned above, well adapted to digging, the covering of waste to a depth of 15cm is unlikely to be an effective safeguard.

Site capping is a procedure carried out to stabilise areas within a disposal facility where dumping has ceased. The EPA recommends that site capping include a seal-bearing surface, a gas drainage layer, a sealing layer, an infiltration drainage layer and a revegetation layer of at least 2.1m. The EMS consultants concluded that very few rural sites would achieve this degree of stabilisation. Where waste is not stabilised, potential exists for it to move and resurface.

The EMS consultants concluded that when these four factors associated with the management of refuse dumps were considered together, the likelihood of access by feral pigs is greatest for uncontrolled small dumps in remote and rural areas, and for private disposal sites on individual properties. 

On the basis of this information the Panel considered that it was very likely that refuse would be accessible to feral pigs in the remote sector. In the rural sector it was considered that there was a moderate likelihood but that it was very unlikely that refuse from large towns would be accessible to feral pigs. 

The likelihood that a waste unit would be located by a feral pig

This likelihood was derived from factors associated with the abundance of feral pigs in each sector and their proclivity for scavenging from refuse sites, and the volume of other waste commonly found in refuse sites in each sector. 

The correlation between the density of feral pigs and the density of humans in each Australian statistical subdivision (SSD) was examined by the EMS consultants. The results of their investigation are illustrated pictorially in Figure 8 and Figure 9.

Figure 8 Human population density in Australia
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Figure 9 Feral pig population density in Australia
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From these densities, the EMS consultants concluded that whilst interaction was most likely to occur in Northern Queensland, South Western Queensland, the Murray Darling Basin in New South Wales and in various SSDs (statistical sub-division) in the northern part of the Northern Territory, there was a more general correlation between low human population density and high feral pig population density. 

This correlation reflects clustering of feral pigs within those rural regions where food, water, topography, vegetation and other factors are most favourable and an inverse relationship between these factors and the density of human settlement. The correlation does not reflect a tendency for feral pigs to avoid human populations. Indeed, it is clear that while regions of maximal interaction can be identified, feral pigs occur throughout the non-arid rural regions of Australia where human habitation in most cases increases the availability and reliability of food and water and thus encourages the establishment of semi-permanent feral pig populations.

Overall the Panel considers it very likely that a pig meat waste unit would be located by a feral pig scavenging in a remote region, unlikely in a rural region and negligible in a region with large towns.

Number (N) of waste units generated and discarded by each sector during a year

The number (N) of units of pig meat waste generated and discarded in each sector during a year is less complex than P (see above), and will be obtained as the product of the total number of waste units generated and discarded during a year and the proportion of the Australian population that resides in each sector. 

The total number of units of pig meat waste was discussed previously (see, Projected Volume of Pig Meat Discarded as Waste). The proportion of the Australian population that resides in each sector was obtained from the Australian Bureau of Statistics’ Integrated Regional Database, as shown below:

· Remote regions and properties

≈ 3%

· Rural regions, towns and settlements
≈ 11% 

· Large towns



≈ 86%

Calculation of the annual likelihood of entry and exposure for feral pigs

	Variable
	Description and calculation / estimation

	LEE Feral pigs
	The (annual) likelihood of entry and exposure for feral pigs

= 1 – (1 – LEE Remote regions) x (1 – LEE Rural regions) x (1 – LEE Large towns)

	LEE Remote regions
	The annual likelihood of entry and exposure for feral pigs in remote regions

= 1 – (1 – P Remote regions) N Remote regions

	LEE Rural regions
	The annual likelihood of entry and exposure for feral pigs in rural regions

= 1 – (1 – P Rural regions) N Rural regions  

	LEE Large towns
	The annual likelihood of entry and exposure for feral pigs in regions with large towns

= 1 – (1 – P Large towns) N Large towns

	P Remote regions
	The probability that each unit of waste discarded in a remote region will result in exposure

= L1 x L2 x L3 x L4 Remote regions x L5 Remote regions

	N Remote regions
	The number of waste units generated and discarded each year in remote regions

= Waste units Total x Population Remote regions

	P Rural regions
	The probability that each unit of waste discarded in a rural region will result in exposure

= L1 x L2 x L3 x L4 Rural regions x L5 Rural regions

	N Rural regions
	The number of waste units generated and discarded each year in rural regions

= Waste units Total x Population Rural regions

	P Large towns
	The probability that each unit of waste discarded in a large town will result in exposure

= L1 x L2 x L3 x L4 Large towns x L5 Large towns

	N Large towns
	The number of waste units generated and discarded each year in large towns

= Waste units Total x Population Large towns

	L1
	The likelihood that a waste unit is infected

= Release assessment 

(estimate specific to each disease agent)

	L2
	The likelihood that a waste unit would contain a sufficient dose of the pathogenic agent to initiate infection

(estimate specific to each disease agent)

	L3
	The likelihood that the pathogenic agent would remain viable during the period prior to scavenging

(estimate specific to each disease agent)

	L4 Remote regions
	The likelihood that the waste unit would be accessible to a feral pig in a remote region

= High

	L4 Rural regions
	The likelihood that the waste unit would be accessible to a feral pig in a rural region

= Moderate

	L4 Large towns
	The likelihood that the waste unit would be accessible to a feral pig in a region with large towns

= Low

	L5 Remote regions
	The likelihood that a waste unit would be located by a feral pig scavenging in a remote region

= High

	L5 Rural regions
	The likelihood that a waste unit would be located by a feral pig scavenging  in a rural region

= Low

	L5 Large towns
	The likelihood that a waste unit would be located by a feral pig scavenging  in a region with large towns

= Negligible

	Waste units Total
	The total number of units of pig meat waste generated and discarded in a year

This estimate will be derived from ongoing research (see, Projected Volume of Pig Meat Discarded as Waste)

	Population Remote regions
	The proportion of the Australian population that resides in remote regions

= 3%

	Population Rural regions
	The proportion of the Australian population that resides in rural regions

= 11%

	Population Large towns
	The proportion of the Australian population that resides in regions with large towns

= 86%


Exposure assessment for backyard pigs

In this analysis, the colloquial term ‘backyard pig producers’ will be used to describe enterprises with less than ten sows. This group of producers is very diverse as regards management and feeding practices and has, at least traditionally, been associated with a higher likelihood of illegal swill feeding than other categories of pig producers. Pigs kept in backyard enterprises would generally be slaughtered and consumed, although it is recognised that some breeding and distribution of young pigs or slaughter age pigs may occur. For the purposes of this analysis, it will be assumed that meat wastes fed to backyard pigs are derived from the household associated with those pigs. 

The exposure assessment for backyard pigs will be based on the binomial equation shown below. This equation calculates the likelihood that exposure of backyard pigs will result from the generation and disposal of waste by backyard pig producers during the period of a year. 

Annual Likelihood of Entry and Exposure Backyard pigs = 1 – (1 – P) N
Where;

	P
	=
	the probability that each unit of waste discarded by a backyard pig producer will result in exposure

	N
	=
	the number of waste units that may be fed each year to backyard pigs


Probability (P) that each unit of waste will result in exposure

P is a complex variable, and will be calculated in the assessment as the product of the following:

· The likelihood that a waste unit is infected

· The likelihood that a waste unit would contain a sufficient dose of the pathogenic agent to initiate infection

· The likelihood that the pathogenic agent would remain viable during the period prior to ingestion

These variables are explained in turn in the text below.

The likelihood that a waste unit is infected

In probability terms, this is equivalent to the result of the release assessment. It follows that this likelihood will be specific to individual disease assessments.

The likelihood that a waste unit would contain a sufficient dose of the pathogenic agent to initiate infection

The quantity of infected meat sufficient to initiate infection will depend upon the concentration of an agent in meat and the oral infectious dose (OID) for that agent. 

Both these quantities vary substantially among pathogenic agents although, in most cases, will be determined by the stage and severity of the viraemia / bacteraemia / parasitaemia in the animal from which the meat was derived and, for some disease agents, by the particular carcass cut. Infectious load may also be determined by the proportion of organisms that remain viable at the time the meat is consumed, such that the minimum infectious dose for fresh meat may be substantially different to the minimum infectious dose for discarded meat scraps. Virulence and infectivity are inherent properties of each pathogenic agent, and may also be important determinants of minimum infectious dose. 

Where possible, estimates of the sufficient quantity of infected pig meat required to initiate infection will be based on robust scientific data. However, there will be instances where this value is either unknown or contentious. In these situations, conservative estimates will be derived by comparing existing information with that obtained for similar or related pathogenic agents. As is the case for all variables in this analysis, uncertainty in this quantity is represented in the limits of each probability distribution.

This likelihood will be specific to individual disease assessments.

The likelihood that the pathogenic agent would remain viable during the period prior to ingestion

The likelihood that a pathogenic agent will remain viable after exposure to the environment will depend on the inherent ‘stability’ of each agent. In particular, this likelihood will reflect the agent’s sensitivity to UV light, to ambient temperatures between approximately 10(C and 35(C and to the putrefying effects of saprophytic organisms. 

It is recognised that pathogenic agents may be protected somewhat from exposure if they are sequestered within bone marrow or within substantial portions of muscle tissue. However, it is also recognised that meat scraps may undergo some putrefaction in garbage during the period between trimming of meat for cooking, or the accumulation of table scraps, and the subsequent feeding of backyard pigs. 

This likelihood will be specific to individual disease assessments.

Number (N) of waste units fed to backyard pigs during a year

The number (N) of units of pig meat waste generated and fed to backyard pigs during a year is less complex than P (see above), and will be obtained as the product of:

· The total number of waste units generated and discarded by households during a year

· The proportion of the total household waste units generated by households that keep backyard pigs

· The proportion of backyard pig producers that may illegally feed waste to their pigs

The total number of waste units generated and discarded by households during a year (Waste units HH) will be calculated as the product of the total number of waste units (Waste units Total) and the proportion of these that will be derived from households (Prop HH). These component estimates were discussed elsewhere (see, Projected Volume of Pig Meat Discarded as Waste). 

The proportion of the total waste that is generated by backyard pig producers will be obtained by dividing the number of backyard pig producers by the total number of Australian households.

· Australian pig industry statistics
 identify 778 premises with less than 10 sows. In order to incorporate the uncertainty about this estimate, the number of backyard pig producers will be modelled as a Pert distribution with a minimum of 739 (95% of 778), a most likely value of 778 and a maximum of 817 (105% of 778).

· The Australian population of 7.2 million households will be modelled similarly as a Pert distribution with a minimum of 6.8 million households (95% of 7.2 million), a most likely value of 7.2 million and a maximum of 7.6 million households (105% of 7.2 million).

Because feeding meat and table scraps is illegal in Australia, and prosecuted severely under State or Territory legislation, the proportion of backyard pig producers who participate in this practice is extremely difficult to estimate with precision. The proportion derived by the Panel from the history of prosecutions, and consideration of the difficulty in identifying and convicting perpetrators, was considered to be very low.

Table 4 Calculation of the annual likelihood of entry and exposure for backyard pigs

	Variable
	Description and calculation / estimation

	LEE Backyard pigs
	The (annual) likelihood of entry and exposure for backyard pigs

= 1 – (1 – P Backyard pigs) N Backyard pigs

	P Backyard pigs
	The probability that each unit of waste fed to backyard pigs will result in exposure

= L1 x L2 x L3 Backyard pigs

	N Backyard pigs
	The number of waste units that may be fed to backyard pigs during a year

= Waste units HH x Prop BP producers x Prop Feed swill BP

	L1
	The likelihood that a waste unit is infected

= Release assessment 

(estimate specific to each disease agent)

	L2
	The likelihood that a waste unit would contain a sufficient dose of the pathogenic agent to initiate infection

(estimate specific to each disease agent)

	L3 Backyard pigs
	The likelihood that the pathogenic agent would remain viable during the period prior to ingestion

(estimate specific to each disease agent)

	Waste units HH
	The total number of waste units generated and discarded by households during a year

= Waste units Total x Prop HH

	Waste units Total
	The total number of units of pig meat waste generated and discarded in a year

This estimate will be derived from ongoing research (see, Projected Volume of Pig Meat Discarded as Waste)

	Prop HH
	The proportion of imported pig meat likely to be purchased by households as fresh meat and smallgoods

= 1 – Prop FSE

	Prop FSE
	The proportion of imported pig meat likely to be purchased by food service establishments as fresh meat and smallgoods

= Pert (0.15, 0.25, 0.30)

	Prop BP producers
	The proportion of the total waste that is generated by households that keep backyard pigs

= 
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	Prop Feed swill BP
	The proportion of backyard pig producers that may illegally feed waste to their pigs

= Very low


Exposure assessment for small commercial piggeries

In this analysis, small commercial piggeries are those that keep less than 99 sows. Enterprises in this group are considered very diverse as regards their management (intensive or extensive) and feeding practices. In particular, pigs on small holdings may be housed intensively or allowed free range. This group of producers is generally considered less likely to feed scraps illegally on a casual basis, because the husbandry of at least 10 sows will generally require a planned approach to maintenance feeding. Swill feeding has, however, been reported in piggeries of this size, and may be more commonly associated with regular access to waste from restaurants or other food service establishments. 

The exposure assessment for small commercial piggeries will be based on the binomial equation shown below. This equation calculates the annual likelihood that exposure of pigs in small commercial piggeries will result from the feeding of pig meat waste during the period of a year. 

Annual Likelihood of Entry and Exposure Pigs in small commercial piggeries = 1 – (1 – P) N
Where;

	P
	=
	The probability that each unit of waste fed to pigs in small commercial piggeries will result in exposure

	N
	=
	the number of waste units that may be fed each year to pigs in small commercial piggeries


Probability (P) that each unit of waste will result in exposure

P is a complex variable, and will be calculated in the assessment as the product of the following:

· The likelihood that a waste unit is infected

· The likelihood that a waste unit would contain a sufficient dose of the pathogenic agent to initiate infection

· The likelihood that the pathogenic agent would remain viable during the period prior to ingestion

These variables are explained in turn in the text below.

The likelihood that a waste unit is infected

In probability terms, this is equivalent to the result of the release assessment. It follows that this likelihood will be specific to individual disease assessments.

The likelihood that a waste unit would contain a sufficient dose of the pathogenic agent to initiate infection

The quantity of infected meat sufficient to initiate infection will depend upon the concentration of an agent in meat and the oral infectious dose (OID) for that agent. 

Both these quantities vary substantially among pathogenic agents although, in most cases, will be determined by the stage and severity of the viraemia / bacteraemia / parasitaemia in the animal from which the meat was derived and, for some disease agents, by the particular carcass cut. Infectious load may also be determined by the proportion of organisms that remain viable at the time the meat is consumed, such that the minimum infectious dose for fresh meat may be substantially different to the minimum infectious dose for discarded meat scraps. Virulence and infectivity are inherent properties of each pathogenic agent, and may also be important determinants of minimum infectious dose. 

Where possible, estimates of the sufficient quantity of infected pig meat required to initiate infection will be based on robust scientific data. However, there will be instances where this value is either unknown or contentious. In these situations, conservative estimates will be derived by comparing existing information with that obtained for similar or related pathogenic agents. As is the case for all variables in this analysis, uncertainty in this quantity is represented in the limits of each probability distribution.

This likelihood will be specific to individual disease assessments.

The likelihood that the pathogenic agent would remain viable during the period prior to ingestion

The likelihood that a pathogenic agent will remain viable after exposure to the environment will depend on the inherent ‘stability’ of each agent. In particular, this likelihood will reflect the agent’s sensitivity to UV light, to ambient temperatures between approximately 10(C and 35(C and to the putrefying effects of saprophytic organisms.

It is recognised that pathogenic agents may be protected somewhat from exposure if they are sequestered within bone marrow or within substantial portions of muscle tissue. However, it is also recognised that meat scraps may undergo some putrefaction in garbage during the period between trimming of meat for cooking, or the accumulation of table scraps, and the subsequent feeding of pigs in small commercial piggeries. 

This likelihood will be specific to individual disease assessments.

Number (N) of waste units fed to pigs in small commercial piggeries during a year

The number (N) of units of pig meat waste generated and fed illegally to pigs in small commercial piggeries will be difficult to estimate with precision, as it includes both household waste and waste from food service establishments.

The number of household waste units and the number of units from food service establishments will be estimated independently, and subsequently summed.

The number of household waste units that may be fed to pigs in small commercial piggeries will be calculated as shown in the formula below:
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Where;

	No. SCP 

	=
	the number of small commercial piggeries in Australia

	Prop Feed swill SCP
	=
	the proportion of small commercial piggeries that may feed waste illegally

	No.Affiliated HH
	=
	the number of households whose waste may be used by a small commercial piggery that feeds waste illegally

	HH Total
	=
	the total number of Australian households

	Waste units HH
	=
	the total number of waste units generated and discarded by households during a year


The number of waste units from food service establishments that may be fed to pigs in small commercial piggeries will be calculated as shown in the formula below:
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Where;

	No. SCP 

	=
	the number of small commercial piggeries in Australia

	Prop Feed swill SCP
	=
	the proportion of small commercial piggeries that may feed waste illegally

	No. Affiliated FSE
	=
	the number of food service establishments whose waste may be used by a small commercial piggery that feeds waste illegally

	FSE Total
	=
	the total number of food service establishments

	Waste units FSE
	=
	the total number of waste units generated and discarded by food service establishments during a year


Estimates for the terms in these formulae will be as follows:

· No. SCP: Australian pig industry statistics
 identify 1,212 premises with between 10 and 99 sows. In order to incorporate the uncertainty about this estimate, the number of small commercial pig producers will be modelled as a Pert distribution with a minimum of 1,151 (95% of 1,212), a most likely value of 1,212 and a maximum of 1,272 (105% of 1,212).

· Prop Feed swill SCP: Because feeding meat and table scraps is illegal in Australia, and prosecuted severely under State or Territory legislation, the proportion of small commercial pig producers who participate in this practice will be extremely difficult to estimate with precision. The proportion derived by the Panel from the history of prosecutions, and in consideration of the difficulty in identifying and convicting perpetrators, was considered to be very low.

· No. Affiliated HH: The number of households whose waste may be used by a small commercial piggery that feeds waste illegally will be difficult to estimate with precision. Recognising that small commercial piggeries may be associated with extended family groups, this number will be modelled as a Pert distribution with a minimum value of 1, a most likely value of 3 and a maximum value of 5.

· No. Affiliated FSE: After consideration of the illegality of swill feeding, and the need for food service establishments to avoid prosecution, it was estimated that each small piggery would be extremely unlikely to obtain waste from more than a single food service establishment. 

· HH Total: The Australian population of 7.2 million households will be modelled as a Pert distribution with a minimum of 6.8 million households (95% of 7.2 million), a most likely value of 7.2 million and a maximum of 7.6 million households (105% of 7.2 million).

· FSE Total: The total number of food service establishments in Australia was estimated as 37,304 premises obtained from Australian Bureau of Statistics surveys. This included cafes, restaurants, catering, and take-away premises, hotels, taverns, bars and clubs (hospitality). The number of food service establishments will be modelled as a Pert distribution with a minimum of 35,439 premises (95% of 37,304), a most likely value of 37,304 and a maximum of 39,169 premises (105% of 37,304).

· Waste units HH: The total number of waste units generated and discarded by households during a year was described in the assessment for backyard pigs (see above) as the product of the total number of waste units (Waste units Total) and the proportion of these that will be derived from households (Prop HH). These component estimates were, in turn, discussed elsewhere (see, Projected Volume of Pig Meat Discarded as Waste).

· Waste units FSE: The total number of waste units generated and discarded by food service establishments during a year will be calculated as the product of the total number of waste units (Waste units Total) and the proportion of these that will be derived from food service establishments (Prop FSE). These component estimates were discussed elsewhere (see, Projected Volume of Pig Meat Discarded as Waste).

Table 5 Calculation of the annual likelihood of entry and exposure for small commercial piggeries

	Variable
	Description and calculation / estimation

	LEE SCP
	The (annual) likelihood of entry and exposure for small commercial piggeries

= 1 – (1 – P SCP) N SCP

	P SCP
	The probability that each unit of waste fed to pigs in small commercial piggeries will result in exposure

= L1 x L2 x L3 SCP

	N SCP
	The number of waste units that may be fed to pigs in small commercial piggeries during a year

= Waste HH source + Waste FSE source 

	L1
	The likelihood that a waste unit is infected

= Release assessment 

(estimate specific to each disease agent)

	L2
	The likelihood that a waste unit would contain a sufficient dose of the pathogenic agent to initiate infection

(estimate specific to each disease agent)

	L3 SCP
	The likelihood that the pathogenic agent would remain viable during the period prior to ingestion

(estimate specific to each disease agent)

	Waste HH source
	The number of household waste units that may be fed to pigs in small commercial piggeries

= 
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	Waste FSE source
	The number of waste units from food service establishments that may be fed to pigs in small commercial piggeries

= 
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	No. SCP
	The number of small commercial piggeries in Australia

= Pert (1151, 1212, 1272)

	Prop Feed swill SCP
	the proportion of small commercial piggeries that may feed waste illegally

= Very low

	No. Affiliated HH
	The number of households whose waste may be used by a small commercial piggery that feeds waste illegally

= Pert (1, 3, 5)

	No. Affiliated FSE
	The number of food service establishments whose waste may be used by a small commercial piggery that feeds waste illegally

= 1

	HH Total
	The total number of Australian households

= Pert (6.8 million, 7.2 million, 7.6 million)

	FSE Total
	The total number of food service establishments

= Pert (35 439, 37 304, 39 169)

	Waste units HH
	The total number of waste units generated and discarded by households during a year

= Waste units Total x Prop HH

	Waste units FSE
	The total number of waste units generated and discarded by food service establishments during a year

= Waste units Total x Prop FSE

	Waste units Total
	The total number of units of pig meat waste generated and discarded in a year

This estimate will be derived from ongoing research (see, Projected Volume of Pig Meat Discarded as Waste)

	Prop HH
	The proportion of imported pig meat likely to be purchased by households as fresh meat and smallgoods

= 1 – Prop FSE

	Prop FSE
	The proportion of imported pig meat likely to be purchased by food service establishments as fresh meat and smallgoods

= Pert (0.15, 0.25, 0.30)


Exposure assessment for ‘other susceptible species’

The final ‘exposure group’ is less clearly defined than are those above. This group excludes humans, which are not considered at risk from the ingestion of ‘meat scraps’ (Figure 7), but includes species such as rats, domestic carnivores, carnivorous bird life, etc. It is expected that the exposure assessment for this group will vary to some extent among the identified pathogenic agents, thus the total annual amounts of imported pig meat estimated to be consumed by other susceptible species will be discussed in the assessments for the relevant pathogenic agents.

Summary: exposure assessments

The assessments detailed above will give rise to an annual likelihood of entry and exposure for each of the exposure groups. 

It is explained elsewhere in this document (see, Risk Estimation) that these likelihoods provide the likelihood component in the calculation of ‘partial annual risk’ for each exposure group. The partial risks will subsequently be combined to give an overall estimate of ‘unrestricted annual risk’. 

Consequence assessment

According to the OIE Code, a consequence assessment should ‘describe the potential consequences of a given exposure, and estimate the probability of them occurring’. 

The ‘potential consequences of an exposure’ may be accrued in direct and indirect ways. The direct and indirect consequences to be considered in this analysis are shown below.

Direct consequences
These describe direct harm to:

· animal or plant life, health or welfare (whether native or introduced species), including animal and plant production losses

· human life, health or welfare

· any other aspects of the environment not covered above (e.g. the physical environment or other life forms — microorganisms, etc.).

Indirect consequences

Indirect consequences are the costs resulting from natural or human processes associated with the incursion of a disease. These include:

· new or modified eradication, control, surveillance/monitoring and compensation strategies/programs

· domestic trade or industry effects, including changes in consumer demand and effects on other industries supplying inputs to, or utilising outputs from, directly affected industries

· international trade effects, including loss of markets, meeting new technical requirements to enter/maintain markets and changes in international consumer demand

· indirect effects on the environment (see below), including biodiversity, endangered species, the integrity of ecosystems, reduced tourism, reduced rural and regional economic viability and loss of social amenity, and any ‘side effects’ of control measures.
A range of factors is relevant to the consideration of harm to the environment. This includes harm arising from the impact of the disease agent itself, as well as from any treatments or procedures used to control it. The extent of harm will be evaluated taking into account the circumstances of the particular hazard, and using the factors outlined below:

· all on-site and off-site impacts

· the geographical scope and magnitude of the impact

· the frequency and duration of the action causing the harm

· the total impact which can be attributed to that action over the entire geographic area affected, and over time (i.e. cumulative impact)

· any synergistic effect of hazards on impact

· reversibility of the impact

· the sensitivity of the receiving environment (recognised environmental features of high sensitivity)

· the degree of confidence with which the impacts of the action are known and understood.

The direct and indirect consequences described above collectively cover the economic, environmental and social effects of a disease. Given this, the consequences are also mutually exclusive — that is, an effect will not be assessed more than once. In particular, the direct effects of a disease on a native or wild species are assessed under the criterion describing the ‘animal or plant life and health, including animal and plant production losses’, whereas the indirect or ‘flow-on’ effects on the environment are assessed under the last indirect criterion. 

Describing direct and indirect disease effects

Each direct and indirect consequence will be estimated at four levels, local, district, regional and national, and the values derived subsequently translated into a single qualitative score (A–F). In this context, the terms ‘local’, ‘district’, ‘regional’ and ‘national’ are defined as follows. 

Local:
an aggregate of households or enterprises — e.g. a rural community, a town or a local government area

District:
a geographically or geopolitically associated collection of aggregates — generally a recognised section of a state, such as the ‘North West Slopes and Plains’ or ‘Far North Queensland’

Region: 
a geographically or geopolitically associated collection of districts — generally a state, although there may be exceptions with larger states such as Western Australia 

National: 
Australia-wide 

At each level, the quantum of impact will be described as ‘unlikely to be discernible’, of ‘minor significance’, ‘significant’ or ‘highly significant’:

· an ‘unlikely to be discernible’ impact is not usually distinguishable from normal day-to-day variation in the criterion

· an impact of ‘minor significance’ is not expected to threaten economic viability, but would lead to a minor increase in mortality/morbidity or a minor decrease in production. For non-commercial factors, the impact is not expected to threaten the intrinsic ‘value’ of the criterion — though the value of the criterion would be considered as ‘disturbed’. Effects would generally be reversible

· a ‘significant’ impact would threaten economic viability through a moderate increase in mortality/morbidity, or a moderate decrease in production. For non-commercial factors, the intrinsic ‘value’ of the criterion would be considered as significantly diminished or threatened. Effects may not be reversible

· a ‘highly significant’ impact would threaten economic viability through a large increase in mortality/morbidity, or a large decrease in production. For non-commercial factors, the intrinsic ‘value’ of the criterion would be considered as severely or irreversibly damaged.

When assessing the local, district, regional and national consequences, the frame of reference will be the impact of each disease on the community as a whole. This will often differ markedly from the effect of the disease on the local, district, regional or national population of directly affected parties. 

A related consideration is the persistence of an effect. In general, where the effect is prolonged, as is the case if it is thought to persist for several production cycles or if regeneration will take several generations, the consequences will be considered to be greater. If an effect is not prolonged, then consequences are likely to be less serious. In either case, it will at times be necessary to place a disease in the next higher or lower category for that consequence criterion.

Estimates of the consequences of the introduction, establishment and/or spread at the local, district, regional and national level will be subsequently translated to an overall score (A–F) using the schema outlined in Table 7.

Table 6 The assessment of local, district, regional and national consequences

	Impact score
	F
	-
	-
	-
	Highly significant

	
	E
	-
	-
	Highly significant
	Significant

	
	D
	-
	Highly significant
	Significant
	Minor

	
	C
	Highly significant
	Significant
	Minor
	Unlikely to be discernible

	
	B
	Significant
	Minor
	Unlikely to be discernible
	Unlikely to be discernible

	
	A
	Minor
	Unlikely to be discernible
	Unlikely to be discernible
	Unlikely to be discernible

	
	
	Local
	District
	Regional
	National

	
	Level


Consequence assessment for uncooked pig meat

Consequence assessments for each of the identified hazards will be carried out in the following stages:

· identification of plausible ‘outbreak scenarios’ for each exposure group (feral pigs, backyard pigs, pigs in small commercial piggeries and ‘other susceptible species’)

· estimation of the likelihood that each outbreak scenario would occur (the likelihood of establishment and/or spread)

· for each outbreak scenario, estimation of the consequences of a pathogenic agent according to the direct and indirect criteria

· for each outbreak scenario, combination of consequences for individual criteria, to give an overall measure of ‘consequences’ for that scenario

· combination of the ‘likelihood’ and ‘consequences’ of each outbreak scenario, to give an estimate of ‘likely consequences’

· combination of the likely consequences for each outbreak scenario to give an overall measure of the likely consequences associated with an exposure group

These steps are discussed in turn.

Outbreak scenarios for each exposure group

In this analysis, an ‘outbreak scenario’ represents a particular level of ‘establishment and/or spread’. While it is understood that the extent and direction of disease establishment and/or spread will be, in reality, both complex and continuous measures, it is none-the-less considered useful to categorise this aspect of the analysis so as to approach the assessment of consequences in a practical manner. 

Outbreak scenarios for each of the exposure groups are outlined below. For each group, the first scenario denotes ‘no further establishment or spread’. The purpose of this category is to ensure that the sum of likelihoods assigned to outbreak scenarios for that group will always be one. It is also acknowledged that for some diseases the consequences would be measurable even without establishment or spread.

The descriptions of outbreak scenarios use the term ‘secondary spread’ to describe a range of means by which disease may be transmitted from pigs that have consumed infected meat scraps to other pigs or to other susceptible species (including humans
). In the terminology that is used throughout this analysis, animals infected as a result of secondary spread are said to have been ‘indirectly exposed’ to the contaminating pathogenic agent. Mechanisms for secondary spread will vary among pathogenic agents, but include direct contact, fomites, aerosol plumes, insect vectors and iatrogenic means. Likewise, intermediate hosts and/or other more complex transmission or life cycle components may be relevant. 

Outbreak scenarios for the exposure of feral pigs

The Panel acknowledges that a wide range of outbreak scenarios may arise from the exposure of feral pigs to infected pig meat scraps. Given this, the four possibilities outlined below are thought to encapsulate outcomes likely to be the most significant:

7. containment of the disease within a directly exposed herd of feral pigs - no secondary spread - this option represents the ‘no outbreak’ scenario

8. secondary spread within a more general population of feral pigs - no spread to domestic pigs or to other susceptible animals - spread to humans if the agent is zoonotic

9. secondary spread to a local population of backyard enterprises or small commercial piggeries - containment within this population - spread to other susceptible species - spread to humans if the agent is zoonotic 

10. secondary spread to a more general population of domestic pigs (including medium-large commercial piggeries) - exposure of and/or spread within a pig-producing region - spread to other susceptible species - spread to humans if the agent is zoonotic.

Outbreak scenarios for the exposure of backyard pigs

In contrast to feral pigs, exposure of backyard pigs is likely to have outcomes that are more predictable. These have been categorised as:

11. containment of the disease within a directly exposed backyard herd - no secondary spread - this option represents the ‘no outbreak’ scenario

12. secondary spread to feral pigs, but no subsequent spread to other domestic pig herds - spread to humans if the agent is zoonotic

13. secondary spread (via feral pigs or other means) to a local population of backyard enterprises or small commercial piggeries - containment within this population - spread to other susceptible species - spread to humans if the agent is zoonotic

14. secondary spread (via feral pigs or other means) to a more general population of domestic pigs (including medium-large commercial piggeries) - exposure of and/or spread within a pig-producing region - spread to other susceptible species - spread to humans if the agent is zoonotic.

Outbreak scenarios for the exposure of small commercial piggeries

Outbreak scenarios for small commercial piggeries are likely to be similar to those described for backyard enterprises. The following scenarios will be described:

15. containment of the disease within a directly exposed small commercial piggery - no secondary spread - this option represents the ‘no outbreak’ scenario

16. secondary spread to feral pigs, but no subsequent spread to other domestic pig herds - spread to humans if the agent is zoonotic

17. secondary spread (via feral pigs or other means) to a local population of backyard enterprises or small commercial piggeries - containment within this population - spread to other susceptible species - spread to humans if the agent is zoonotic

18. secondary spread (via feral pigs or other means) to a more general population of domestic pigs (including medium-large commercial piggeries) - exposure of and/or spread within a pig-producing region - spread to other susceptible species - spread to humans if the agent is zoonotic.

Outbreak scenarios for the exposure of ‘other susceptible species’

Given the range of ‘other susceptible species’ that may be directly exposed to infected pig meat, outbreak scenarios for this group are difficult to generalise. The following scenarios will be used in the consequence assessments:

19. containment of the disease within the sub-population of directly exposed animals - no secondary spread - this option represents the ‘no outbreak’ scenario

20. secondary spread to feral pigs, but no subsequent spread to other domestic pig herds - spread to humans if the agent is zoonotic

21. secondary spread (via feral pigs or other means) to a local population of domestic pigs - containment within a local population of backyard enterprises or small commercial piggeries - spread to humans if the agent is zoonotic

22. secondary spread (via feral pigs or other means) to a more general population of domestic pigs - exposure of medium-large commercial piggeries and/or spread within a pig-producing region - spread to humans if the agent is zoonotic.

Estimating the likelihood of each outbreak scenario

An approximation (to one decimal place) is provided for the likelihood that each identified outbreak scenario would occur. For any given pathogenic agent, the sum of these likelihoods always equals ‘1’.

Estimating the consequences according to each direct and indirect criterion

The consequences according to each direct and indirect criterion will be evaluated and reported using the qualitative method described at the start of this section (see, Describing Direct and Indirect Disease Effects).

Estimating the consequences associated with each outbreak scenario

Estimates of the consequences associated with each (direct and indirect) criterion will be combined to give an estimate of the consequences associated with an outbreak scenario. 

This will be achieved by following the 11 rules outlined below. These rules are mutually exclusive, and will be addressed in the order in which they appear in the list. For example, if the first set of conditions does not apply, the second set should be considered. If the second set does not apply, the third set should be considered ..., and so forth until one of the rules applies.

23. Where any direct or indirect effect is ‘F’, the overall consequences associated with the outbreak scenario are considered to be ‘extreme’

24. Where more than one direct or indirect effect is ‘E’, the overall consequences associated with the outbreak scenario are considered to be ‘extreme’

25. Where a single direct or indirect effect is ‘E’ and each remaining direct or indirect effect is ‘D’, the overall consequences associated with the outbreak scenario are considered to be ‘extreme’

26. Where a single direct or indirect effect is ‘E’ and remaining direct and indirect effects are not unanimously ‘D’, the overall consequences associated with the outbreak scenario are considered to be ‘high’

27. Where all direct and indirect effects are ‘D’, the overall consequences associated with the outbreak scenario are considered to be ‘high’

28. Where one or more direct or indirect effects is ‘D’, the overall consequences associated with the outbreak scenario are considered to be ‘moderate’

29. Where all direct and indirect effects are ‘C’, the overall consequences associated with the outbreak scenario are considered to be ‘moderate’

30. Where one or more direct or indirect effects is ‘C’, the overall consequences associated with the outbreak scenario are considered to be ‘low’

31. Where all direct and indirect effects are ‘B’, the overall consequences associated with the outbreak scenario are considered to be ‘low’

32. Where one or more direct or indirect effects is ‘B’, the overall consequences associated with the outbreak scenario are considered to be ‘very low’

33. Where all direct and indirect effects are ‘A’, the overall consequences associated with the outbreak scenario are considered to be ‘negligible’

Evaluating the ‘likely consequences’ associated with each outbreak scenario

The ‘likely consequences’ of an event describes the product of the likelihood that it will occur and the magnitude of its impact. In the context of this analysis, the likely consequences of an outbreak scenario represents the product of the ‘likelihood that the scenario will occur’ and an estimate of the ‘consequences associated with that scenario’. These measures will be derived using the approach described in the discussions above and combined using the matrix in Table 8 to give an estimate of the ‘likely consequences’ associated with each outbreak scenario’.

Table 7 A matrix for estimating the ‘likely consequences’ for each outbreak scenario’

	Likelihood of observing outbreak scenario
	High
	Negligible
	Very low
	Low
	Moderate
	High
	Extreme

	
	Moderate
	Negligible
	Very low
	Low
	Moderate
	High
	Extreme

	
	Low
	Negligible
	Negligible
	Very low
	Low
	Moderate
	High

	
	V. Low
	Negligible
	Negligible
	Negligible
	Very low
	Low
	Moderate

	
	E. Low
	Negligible
	Negligible
	Negligible
	Negligible
	Very low
	Low

	
	Negligible
	Negligible
	Negligible
	Negligible
	Negligible
	Negligible
	Very low

	
	
	Negligible
	Very low
	Low
	Moderate
	High
	Extreme

	
	
	Consequences


Evaluating the ‘likely consequences’ of exposing each group of susceptible animals

Having obtained estimates for the ‘likely consequences’ associated with each outbreak scenario it thus remains to combine these to give an estimate of the outcome expected when each of the four groups of susceptible animals is exposed.

For each of the four exposure groups, the likely consequences associated with outbreak scenarios will be combined using the set of 11 rules outlined below. These rules are mutually exclusive, and will be addressed in the order that they appear in the list. For example, if the first set of conditions does not apply, the second set should be considered. If the second set does not apply, the third set should be considered ..., and so forth until one of the rules applied.

34. Where the likely consequences for any outbreak scenario are ‘extreme’, the overall likely consequences are also considered to be ‘extreme’

35. Where the likely consequences for more than one outbreak scenario are ‘high’, the overall likely consequences are considered to be ‘extreme’

36. Where the likely consequences for a single outbreak scenario is ‘high’ and the likely consequences for each remaining scenario are ‘moderate’, the overall likely consequences are considered to be ‘extreme’

37. Where the likely consequences for a single outbreak scenario is ‘high’ and the likely consequences for remaining scenarios are not unanimously ‘moderate’, the overall likely consequences are considered to be ‘high’

38. Where the likely consequences for all outbreak scenarios are ‘moderate’, the overall likely consequences are considered to be ‘high’

39. Where the likely consequences for one or more outbreak scenarios are ‘moderate’, the overall likely consequences are considered to be ‘moderate’

40. Where the likely consequences for all outbreak scenarios are ‘low’, the overall likely consequences are considered to be ‘moderate’

41. Where the likely consequences for one or more outbreak scenarios are ‘low’, the overall likely consequences are considered to be ‘low’

42. Where the likely consequences for all outbreak scenarios are ‘very low’, the overall likely consequences are considered to be ‘low’

43. Where the likely consequences for one or more outbreak scenarios are ‘very low’, the overall likely consequences are considered to be ‘very low’

44. Where the likely consequences for all outbreak scenarios are ‘negligible’, the overall likely consequences are considered to be ‘negligible’

The outcome of this final step in the consequence assessment will thus be an estimate for ‘the likely consequences of exposing each of the identified groups of susceptible animals’ to a given pathogenic agent.

Risk estimation

In the context of this analysis, ‘risk estimation’ describes the integration of likelihood evaluation and consequence assessment, with the objective of deriving a unit to represent the risk associated with each pathogenic agent. 

Risk estimation for each identified pathogenic agent will be undertaken in two stages:

· estimation of the ‘partial annual risk’ associated with each of the exposure groups

· combination of partial annual risks to give an estimate of ‘overall annual risk’

Estimation of partial annual risks

The annual risk associated with each exposure group will be obtained by combining the annual likelihood of entry and exposure with the corresponding estimate of ‘likely consequences’ obtained from the consequence assessment for that exposure group.

Combination of likelihood and consequences will be undertaken using the ‘rules’ shown in the risk estimation matrix in Table 9 below. The principle underlying this matrix is that the cells are expressed in the units, and represent the ‘expected loss’ associated with a particular combination of likelihood and consequences. It stands to reason that expected loss cannot exceed the consequence that would be accrued were the event not associated with a probability. Given this, the extent to which consequence will be reduced by multiplying it by the probability of occurrence will be determined by the magnitude of that probability. 

In view of the imprecision inherent in an essentially qualitative assessment, it is conservatively assumed that probabilities greater than or equal to Biosecurity Australia’s definition of ‘Moderate’ are not sufficiently small to reduce consequences within the limits of measurement. This means that the first two rows of the matrix mirror the consequence scale on the horizontal axis. The remaining levels of probability - that is, ‘Low’, ‘Very Low’, ‘Extremely Low’ and ‘Negligible’ - reduce the consequences by one, two, three and four categories, respectively, or to ‘Negligible. 

Table 8 Risk estimation matrix: estimation of the partial annual risk of exposure

	Likelihood of entry and exposure
	High likelihood
	Negligible risk
	Very low risk
	Low risk
	Moderate risk
	High risk
	Extreme risk

	
	Moderate
	Negligible risk
	Very low risk
	Low risk
	Moderate risk
	High risk
	Extreme risk

	
	Low
	Negligible risk
	Negligible risk
	Very low risk
	Low risk
	Moderate risk
	High risk

	
	Very low
	Negligible risk
	Negligible risk
	Negligible risk
	Very low risk
	Low risk
	Moderate risk

	
	Extremely low
	Negligible risk
	Negligible risk
	Negligible risk
	Negligible risk
	Very low risk
	Low risk

	
	Negligible likelihood
	Negligible risk
	Negligible risk
	Negligible risk
	Negligible risk
	Negligible risk
	Very low risk

	
	
	Negligible impact
	Very low
	Low 
	Moderate
	High
	Extreme impact

	
	
	Consequences of entry and exposure


Estimation of overall annual risk

The partial annual risk of exposure obtained for each of the four exposure groups will be ‘summed’ to give an overall estimate of annual risk. This will be undertaken using the 11 rules outlined below. The rules are mutually exclusive, and are therefore addressed in the order that they appear in the list. For example, if the first set of conditions does not apply, the second set should be considered. If the second set does not apply, the third set should be considered ..., and so forth until one of the rules applies.

45. Where any one partial annual risk is extreme, the overall annual risk is also considered extreme

46. Where more than one partial annual risk is high, the overall annual risk is considered extreme

47. Where any one partial annual risk high and each remaining partial annual risk is moderate, the overall annual risk is considered extreme

48. Where a single partial annual risk is high and the remaining partial annual risks are not unanimously moderate, the overall annual risk is considered high

49. Where all partial annual risks are moderate, the overall annual risk is considered high

50. Where one or more partial annual risks are moderate, the overall annual risk is considered moderate

51. Where all partial annual risks are low, the overall annual risk is considered moderate

52. Where one or more partial annual risks are considered low, the overall annual risk is considered low

53. Where all partial annual risks are very low, the overall annual risk is considered low

54. Where one or more partial annual risks are very low, the overall annual risk is considered very low

55. Where all partial annual risks are negligible, the overall annual risk is considered negligible

The result of this process will be an estimate of the ‘unrestricted annual risk of introducing a given disease into Australia as a result of the decision to import pig meat’. This is considered the final output of the risk assessment.

Method for risk management

Risk management describes the process of identifying and implementing measures to mitigate risks so as to achieve Australia’s appropriate level of protection, or tolerance for loss, while ensuring that any negative affects on trade are minimised. Appropriate level of protection is considered a societal value judgement that reflects the maximal risk (or expected loss) from a disease incursion that Australia considers acceptable.

To implement risk management appropriately, it is necessary to formalise the difference between ‘unrestricted’ and ‘restricted’ risk estimates. Unrestricted risk estimates are those derived in the absence of any risk management or using only internationally accepted baseline risk management strategies. In contrast, restricted or mitigated risk estimates are those derived when ‘risk management’ is applied.

The result of the generic ‘risk assessment’ for uncooked pig meat will be an unrestricted risk estimate for each of the disease agents identified as hazards. This will then be compared with Australia’s appropriate level of protection, which is shown in the risk estimation matrix (Table 9) as the band of cells associated with a ‘very low’ risk. This step is termed ‘risk evaluation’. An unrestricted risk that is either ‘negligible’ or ‘very low’ meets Australia’s appropriate level of protection and will be considered ‘acceptable’. In this situation, risk management will not be justified. Where an unrestricted risk is ‘low’, ‘moderate’, ‘high’ or ‘extreme’ however, risk management measures need to be identified and applied and, for each of these, the ‘restricted’ risk calculated. This process is termed ‘option evaluation’.
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�  Available at: http://www.affa.gov.au/


�  Pathogenic agents not listed by OIE but relevant to this IRA were identified by the Panel or stakeholders, or by those within AFFA.


�  Available at: http://www.affa.gov.au/


�  This abbreviated syntax for likelihood (L) should be read as “L is distributed uniformly between 0.7 and 1”.


�  � HYPERLINK "http://www.pork.gov.au" ��http://www.pork.gov.au� (accessed August 20, 2002).


�  Personal communication from Dr Allen Bryce, National Manager (Surveillance and Response) New Zealand Ministry of Agriculture and Forestry.


�  In this context, the term unrestricted denotes an assessment carried out without consideration of the effect of risk management. The decision to implement risk management is based on the ‘acceptability’ or otherwise of the unrestricted risk (see, Risk Estimation). The efficacy of risk management is determined by obtaining an estimate of the restricted risk, and comparing this to both the original estimate and to Australia’s appropriate level of protection (see, Risk Management).


�  Personal communication from Mr Raymond North, General Manager, Australian Pork Corporation (APC), Sydney.


�  Cited in The Australian, Friday September 20 2002, p.9.


�  If the risk assessment for a particular pathogenic agent demonstrates that imported pig meat poses an unacceptable level of risk, then risk management measures, including those involving disposal of wastes via rendering, will be considered.


�  Statistics New Zealand, as reported by New Zealand Ministry of Agriculture and Forestry.


�  In this context, the term direct exposure is taken to mean exposure resulting from the direct consumption of infected pig meat.


�  Personal communication from Dr Hugh Millar, Chief Veterinary Officer, Department Natural Resources and Environment.


�  In this context, biosecurity describes protection from diseases exotic to a given piggery, as well as diseases exotic to Australia.


�  While ambient temperature on rural Australian refuse dumps may be as low as -10ºC or as high as 50ºC (depending on the location and the time of the year), it is reasonable to assume that most discarded meat wastes would experience mean daily temperatures between approximately 10ºC to 35ºC.


�  Pig Stats 2000 and 2001. Australian Pork Limited, Canberra, 2002.


�  Pig Stats 2000 and 2001. Australian Pork Limited, Canberra, 2002.


�  Humans will be considered in this IRA if relevant as a species to the epidemiology of a disease or to the consequences of exposure of other susceptible species. The likelihood and consequences of the direct exposure of humans to contaminated pig meat will not be considered.
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