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EXECUTIVE SUMMARY

The principal objectives of this Issues Paper are to document existing policy and the scope of the non-routine analysis of the risks associated with the importation of pig meat, and to identify the hazards to be considered in the import risk analysis. The non-routine import risk analysis of pig meat is ‘generic’ in that (a) it is not restricted to specific exporting countries, and, (b) import conditions which may be developed will be relevant to each exporting country’s animal health status. Background issues are outlined in the first three sections of this document. Hazard identification is described in the fourth section, and yielded the list of disease agents shown below. In the final section of the document, technical information concerning each identified hazard is provided. It is envisaged that a risk assessment will be carried out for each identified hazard and documented in the ensuing Draft IRA Report. 

List A Diseases/Agents:

Foot-and-mouth disease virus

Vesicular stomatitis virus

Swine vesicular disease virus

Rinderpest virus

African swine fever virus

Classical swine fever virus

List B Diseases/Agents:

Aujeszky's disease virus

Rabies virus

Bovine tuberculosis (Mycobacterium bovis)

Haemorrhagic septicaemia (Pasteurella multocida)

Japanese encephalitis virus

Surra (Trypanosoma evansi)

Venezuelan, Eastern and Western equine encephalomyelitis

Teschen disease (Enterovirus encephalomyelitis virus) 

Porcine brucellosis (Brucella suis)

Porcine reproductive and respiratory syndrome virus

Transmissible gastroenteritis virus

Trichinellosis (Trichinella spiralis)

Other Diseases/agents:
Cysticercosis (Cysticercus cellulosae)

Eperythrozoonosis (Eperythrozoon suis)

Nipah virus

Porcine epidemic diarrhoea virus

Porcine respiratory coronavirus 

Post-weaning multi-systemic wasting syndrome (Porcine circovirus type 2)

Rubula virus (Mexican Blue eye disease)

Salmonellosis

Swine influenza virus

Vesicular exanthema virus
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GLOSSARY OF ABBREVIATIONS

AAHL
Australian Animal Health Laboratory

AD
Aujeszky’s disease

AFFA
Agriculture, Fisheries and Forestry Australia

ALOP
Appropriate Level of Protection

AQIS
Australian Quarantine and Inspection Service

AQPM
Animal Quarantine Policy Memorandum

ASF
African swine fever

AUSVETPLAN
Australian Veterinary Emergency Plan

AVA
Australian Veterinary Association

CSF
Classical swine fever

CSIRO
Commonwealth Scientific and Industrial Research Organisation

DPIE
Department of Primary Industries and Energy (now Agriculture Fisheries and Forestry)

EEE
Eastern equine encephalomyelitis
ELISA
Enzyme linked immunosorbent assay

EU
European Union

FMD
Foot and mouth disease

GATT
General Agreement on Trade and Tariffs

IFA
Indirect fluorescent antibody

IRA
Import risk analysis

NAHIS
National Animal Health Information System

NAQS
Northern Australia Quarantine Strategy

OIE
Office International des Epizooties

OIE Code
OIE International Animal Health Code (1999)

PCR
Polymerase chain reaction

PED
Porcine epidemic diarrhoea

PMWS
Post weaning multisystemic wasting syndrome

PRCV
Porcine respiratory coronavirus

PRDC
Pig Research and Development Corporation

PRRS
Porcine reproductive and respiratory syndrome

RAP
Risk analysis panel

RNA
Ribonucleic acid

SI
Swine influenza

SPS
Sanitary and Phytosanitary

SVD
Swine vesicular disease

TGE
Transmissible gastroenteritis

VEE
Venezuelan equine encephalomyelitis

VE
Vesicular exanthema

VS
Vesicular stomatitis

WEE
Western equine encephalomyelitis

WTO
World Trade Organization

Introduction

1.1 Background

Animal Quarantine Policy Memorandum (AQPM) 1998/45 entitled “Import Risk Analysis: Pig Meat - Consultation on Approach” was issued on 26 May 1998. This document described AQIS’ proposal to conduct a non-routine import risk analysis (IRA) as the basis for a review of quarantine policy on the importation of pig meat. At that time, AQIS had received requests to develop importation protocols for pig meat sourced from:

· Canada

· European Union (EU) Member States

· Hungary

· Korea

· Mexico

· New Zealand

· South Africa

· Taiwan

· United States of America (USA).

A Risk Analysis Panel (RAP) was established with the membership outlined below:

Name
Position/Organisation
Expertise

Dr David Banks 

(Chair)
Acting General Manager

Animal Biosecurity

Biosecurity Australia
Animal quarantine policy/practice, international trade obligations

Dr Robyn Martin / Dr Sam Beckett

(Secretariat)
Senior Principal Veterinary Officer

Animal Biosecurity

Biosecurity Australia
Diseases of pigs, quarantine policy, quarantine risk analysis, veterinary epidemiology

Dr Kevin Doyle
National Office

Australian Veterinary Association
Epidemiology, quarantine policy, risk analysis

Dr Ross Cutler
Pig Industry Consultant
Diseases and management of pigs

Prof. Colin Wilks
Scientific Editor Australian Veterinary Journal

(Previously Principal Scientist

Victorian Institute of Animal Science)
Veterinary virology, microbiology and public health

The RAP first convened in Canberra on 25 February 1999. AQPM 1998/89 set out details of the proposed work program, and foreshadowed the release of this Issues Paper as a component of the risk analysis for the importation of pig meat.

1.2 Scope

The non-routine IRA for pig meat is ‘generic’ in that it is not restricted to specific exporting countries, and that import conditions which may be developed should be relevant to each exporting country’s animal health status.

1.2.1 The commodity

The IRA report to follow from this Issues Paper will examine the risks attributed to all disease agents of quarantine concern that may be introduced into Australia through the importation of pig meat.
Meat is defined in the 1999 Office International des Epizooties (OIE) International Animal Health Code (OIE Code) as:

“… all edible parts of an animal”.

Alternately, meat is defined in Section 39 of Quarantine Proclamation 1998 as:

“… a part of an animal (other than a fish, a crustacean, a mollusc, a cnidarian, an echinoderm or a tunicate) that is intended or able to be used as food by a human being or an animal (whether or not cooked, dried or otherwise processed), and includes:

- blood; and

- bone meal, meat meal, tallow and fat.

meat product means a product that contains meat, or of which meat is an ingredient.”
For the Issues Paper and the Draft IRA Report, 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. 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.

1.2.2 Meat as a vehicle for the transmission of disease

In order for imported meat or meat product to act as a vehicle for the transmission of a disease agent, that agent must:

· either be present in the product at the time of slaughter or contaminate the product within the abattoir or meat processing works,

· survive within the product during any subsequent processing and storage, and,

· be capable of infecting susceptible animals when presented as infected animal feed or exposure by other means.

In the early bacteraemic or viraemic phase of any infection, it is possible for a pathogen to infect or 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 disease 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 addition to contamination during the course of an animal’s infection with a disease agent, muscle tissue may be contaminated within the abattoir or meat processing works. The likelihood that a disease agent will contaminate muscle tissue at the time of slaughter, evisceration, deboning or during the division 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 disease agent and on sanitary conditions and procedures upheld in abattoirs and processing plants within the exporting country.

Finally, regardless of the means by which a disease agent has infected or contaminated muscle tissue, survival of the agent or its vegetative spores during storage and/or processing of the meat or meat product will depend on its physical characteristics, the nature of any processing, the period of storage prior to exportation and the conditions of pH and temperature within the stored meat or meat product. 

The pH of muscle falls during the onset of rigor mortis, as a result of the accumulation of lactic acid. The final or ultimate pH, however, may vary between species, breeds and with certain intrinsic and managerial factors. Notably, where the animal has a low muscle glycogen reserve a final pH greater than 6.0 is not uncommon, and is the cause of the condition known as “dark cutting beef” (Monin, 1981). Muscle tissue with a final pH of 6.0 is associated with an higher water-holding capacity and is both desirable and deliberately engineered where the muscle tissue is used for the manufacture of some sausages (MacDiarmid, 1991). The final pH of meat may also differ between different muscles and between animals which are rested or stressed prior to slaughter (Monin, 1981), and may be increased if meat is frozen too soon after slaughter (MacDiarmid, 1991). Finally, it should be noted that 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).

1.2.3 The preservation of meat products

The text in this section has been adapted from the New Zealand Ministry of Agriculture and Forestry’s assessment of risks associated with the importation of meat and meat products (MacDiarmid, 1991).

Several preservation methods are used to allow meat-based products to be stored and transported. The intention of all of these methods is to reduce the activity of those microorganisms responsible for the deterioration and spoilage of the product. The preservation methods may also act to destroy, or reduce the numbers of, pathogens present in meat that has come from a diseased animal or contaminated carcass. In some instances, however, measures intended to preserve the product may also preserve the pathogen.

Methods for the preservation of meat include;

· refrigeration and freezing

· thermal processing

· dehydration

· irradiation

· chemicals

Refrigeration

Refrigeration is the most common method of meat preservation. Low temperatures retard microbial growth a well as enzymatic and chemical reactions. Reducing the temperature of meat to below –2oC causes it to freeze.

Carcasses of pork are chilled (kept below 10oC) by hanging in chilling rooms. 

Freezing may inactivate a number of livestock pathogens (for example Trichinella spiralis and tapeworm cysts) but in most cases refrigeration and freezing prevent multiplication but do not reduce their numbers.

Thermal processing

Thermal treatment is the most widely used method of killing microbial agents in meat. In general, products may be subjected to a moderate level of heat (such as is the case for cured products) which extends the shelf life of a product. Alternatively, they may be subject to a more severe (> 100oC) heat treatment (such as is the case in canning) that results in a product which may be stored without refrigeration.

The first type of heat treatment may destroy livestock pathogens in meat or it may only reduce their number. In most cases, the second type of treatment will destroy all pathogens, with the possible exception of Bacillus anthracis spores and prions.

Dehydration

A process of air-drying is used to preserve many meat products. Some may be dried over smoke. Others, such as salamis, may be subject to a fermentation stage during their production and the resulting drop in pH, coupled with their partial dehydration, is responsible for their extended shelf life.

A hot air process or a freeze drying process may be used to dry meat products. The dehydration may have little effect on animal pathogens present in the meat. Indeed, freeze drying (lyophilisation) may actually preserve viruses and bacteria. However, the various curing or heating processes that occur in some products may contribute to rendering them free from livestock pathogens.

Irradiation

Ionizing radiation may be used to kill microorganisms in or on meat without appreciably raising its temperature. While radiation may be used to destroy pathogens in meat, and has been recognised by the Australia and New Zealand Food Authority (ANZFA) as an acceptable method to increase the shelf life of products, irradiated food has yet to gain consumer acceptance in Australia.

Chemicals

Traditional curing agents used in the preservation of meat include:


-
sodium chloride


-
sodium nitrite and nitrate


-
sugar


-
spices


-
woodsmoke


-
organic acids. 

These agents are usually used in combination. The microorganisms chiefly responsible for meat spoilage are gram-negative bacteria. The chemicals used as curing agents tend to inhibit these. They have little effect on other microorganisms.

Salt (sodium chloride) is the common constituent of curing mixtures. By increasing osmotic pressure and lowering the water activity (AW) of meat, salt inhibits the growth of some microorganisms.

Nitrite exhibits a variable bacteriostatic effect against different strains of microorganisms, and the mechanism by which it exerts its bacteriostatic effect differs from one organism to another. The effect of nitrite is dependent on the pH of the meat.

Nitrate has an obscure effect although, like salt, will reduce water activity.

Sugar at very high concentrations can be used to preserve foodstuffs. However, at the concentrations commonly used in meat curing it is unlikely to extend any significant antimicrobial effect.

Although some spices contain essential oils which may be bacteriostatic, at the concentration used in cured meats no antimicrobial effect can be expected.

Woodsmoke has a complex chemical composition. Among the many chemicals that have been identified in woodsmoke, formaldehyde and phenolic compounds appear to be the chief bacteriostatic and bactericidal substances. Smoking is accompanied by varying amounts of heat. In addition to the dehydration that occurs, the formaldehyde and phenol form a resinous barrier over the surface of the meat.

Currently, very few meat products are produced in which smoking plays a significant role in preservation. The effects of smoking are largely confined to appearance and flavour. For this reason, “liquid smokes” are often used in modern meat product manufacture.

Organic acids are occasionally used for their bacteriostatic and fungistatic properties. They act to lower the pH of a product and in doing so may inactivate some important livestock pathogens (for example foot-and-mouth disease virus). Lactic acid is usually produced in muscle tissue during rigor mortis. In some products (for example fermented sausages) a fermentable sugar is added to the sausage mixture and is fermented to lactic acid by starter cultures.

2 Policy environment

2.1 Outline of the import risk analysis process

The OIE Code (OIE, 1999) states that;

“… The principal aim of import risk analysis is to provide importing countries with an objective and defensible method of assessing the disease risks associated with the importation of animals, animal products, animal genetic material, feedstuffs, biological products and pathological material …”
AFFA conducts import risk analysis according to the process described in The AQIS Import Risk Analysis Process: A Handbook (AQIS, 1998). This process is consistent with Australia’s obligations under the Agreement on Sanitary and Phytosanitary Measures (the so-called SPS Agreement), and relevant recommendations of the OIE. Copies of the Handbook may be obtained from AFFA, or viewed on the AQIS homepage
.

The IRA process provides the scientific underpinning of quarantine policy and practice. Quarantine Proclamation 1998 states that the Director of Quarantine, when making a decision on whether to permit an import access request, must consider the conditions that would be necessary to reduce quarantine risk to an acceptably low level. The report of the IRA documents relevant information for the Director of Quarantine to consider when making a decision whether to permit importation.

According to the OIE Code, the determination of quarantine risk associated with a proposed importation should comprise five sequential steps: 

(1) Hazard identification: Identification of the disease agents relevant to the importation of the proposed commodity and considered to be of quarantine concern

(2) Likelihood evaluation: Estimation of the unrestricted or unmitigated likelihood that each identified disease agent will enter Australia with the importation of the proposed commodity and become established in susceptible species

(3) Consequence assessment: Estimation of each agent’s impact on human health, animal health or production, wild or native fauna and the environment, domestic disease control costs and loss of or damage to domestic and international markets

(4) Risk estimation: Integration of the unrestricted likelihood of entry and exposure, and the magnitude of consequences, to yield an unrestricted risk estimate for each disease agent. The acceptability of each unrestricted risk is subsequently determined by comparing it with Australia's appropriate level of protection (see below). Where necessary, risk management is considered

(5) Risk management: Investigation of the efficacy and practicability of the OIE’s recommended safeguards and, where insufficient, other available risk management strategies (testing, quarantine, processing, etc).

Describing and addressing these phases in a standardised manner provides for consistency and transparency in the conduct of IRAs. As stated in the OIE Code;

“… transparency is essential because data are often uncertain or incomplete and, without full documentation, the distinction between facts and the analyst’s value judgements may blur …”.

The objective of this Issues Paper is to document hazard identification relevant to the proposed importation of pig meat. The remaining stages of the risk analysis (risk estimation, consequence assessment, risk assessment and risk management) will be documented in the draft report of the IRA.

2.2 International framework for animal quarantine policy

2.2.1 The requirements of the World Trade Organization
As a Member of the World Trade Organization (WTO), Australia has certain rights and obligations under the WTO Agreement, including the SPS Agreement. The SPS Agreement recognises the standards, guidelines and recommendations developed by the OIE for animal health and zoonoses as the relevant international benchmark. Under the SPS Agreement, measures put in place by a country must be based on an international standard or upon a scientific risk analysis. A risk analysis needs to address the following essential elements:

-
identify the diseases whose entry, establishment or spread a WTO Member wants to prevent within its territory, as well as the potential biological and economic consequences associated with the entry, establishment or spread of these diseases

-
evaluate the likelihood of entry, establishment of spread of these diseases, as well as the associated potential biological and economic consequences; and

-
evaluate the likelihood of entry, establishment or spread of these diseases according to the SPS measures which might be applied.

The SPS Agreement describes ‘appropriate level of sanitary or phytosanitary protection’ as “... the level of protection deemed appropriate by the member country establishing a sanitary or phytosanitary measure to protect human, animal or plant life or health within its territory ...”. In Australia this is termed ‘appropriate level of protection’, or ALOP. The terms ‘acceptable risk’ and ‘managed risk’ are used with a similar meaning by other countries. Further information on Australia’s rights and obligations arising from the SPS Agreement may be found in the publication ‘National risk management and the SPS Agreement’ (Wilson and Gascoine 1999)
. Animal Quarantine Policy Memorandum 1999/26
 provides an explanation of the ALOP and its relationship with quarantine risk management.

2.2.2 The requirements of the Office International des Epizooties
The WTO looks to the OIE for the development and maintenance of internationally accepted standards for conducting risk analyses, and for standard guidelines for ensuring the practical and safe implementation of the WTO ‘regionalization’ and ‘equivalency’ concepts.

Australia is a member of the OIE and, as such, actively contributes to the development of international animal health standards. In the OIE Code it is stated that;

“The principal aim of the International Animal Health Code of the Office International des Epizooties is to facilitate international trade in animals and animal products through the detailed definition of minimum health guarantees to be required of trading partners, so as to avoid the risk of spreading animal diseases inherent in such exchanges”

The Code identifies two categories or ‘lists’ of animal or zoonotic diseases:

List A
Transmissible diseases which have the potential for very serious and rapid spread, irrespective of national borders, which are of serious socio-economic or public health consequence and which are of major importance in the international trade of animals and animal products. 

List B
Transmissible diseases which are considered to be of socio-economic and/or public health importance within countries and which are significant in the international trade of animals and animal products. 

The OIE Code states that:

"An exporting country should be prepared to supply the following information to importing countries on request:

 

1.
information on the animal health status and national animal health information systems to determine whether that country is free or has free zones of List A or List B diseases, including the regulations and procedures in force to maintain its free status;

 

2.
regular and prompt information on the occurrence of transmissible diseases;

 

3.
details of the country's ability to apply measures to control and prevent List A diseases and, where appropriate, List B diseases;

 

4.
information on the structure of the Veterinary Services and the authority which they exercise;

 

5.
technical information, particularly on biological tests and vaccines applied in all or part of the national territory."

The OIE Code provides a model international animal sanitary certificate for meat of domestic animals of the bovine, equine, ovine, caprine and porcine species (OIE International Animal Health Certificate Number 4). This is included in the document as Annex 1.

2.3 Animal quarantine policy framework

2.3.1 Legislation and conceptual framework

AFFA’s objective is to adopt quarantine policies that provide the health safeguards required by government policy in the least trade-restrictive way and that are, wherever appropriate, based on international standards. In developing and reviewing quarantine policies, disease risks associated with importations are analysed using IRA, a structured, transparent and science-based process.

The Quarantine Act 1908
 and its subordinate legislation, including Quarantine Proclamation 1998
, are the legislative bases of human, animal and plant quarantine in Australia. The Quarantine Amendment Act 1999, which commenced in June/July 2000, is a major revision to the Quarantine Act.

Section 4 of the Quarantine Act defines the scope of quarantine as follows:

In this Act, quarantine includes, but is not limited to, measures:
(a)
for, or in relation to, the examination, exclusion, detention, observation, segregation, isolation, protection, treatment and regulation of vessels, installations, human beings, animals, plants or other goods or things; and
(b)
having as their object the prevention or control of the introduction, establishment or spread of diseases or pests that will or could cause significant damage to human beings, animals, plants, other aspects of the environment or economic activities.
Subsection 13(1) of the Quarantine Act provides, among other things, that the Governor-General in Executive Council may, by proclamation, prohibit the importation into Australia of any articles or things likely to introduce, establish or spread any disease or pest affecting persons, animals or plants. The Governor-General may apply this power of prohibition generally or subject to any specified conditions or restrictions.

For articles or things prohibited by proclamation, the Director of Animal and Plant Quarantine may permit entry of products on an unrestricted basis or subject to compliance with conditions, which are normally specified on a permit. An IRA provides the scientific and technical basis for quarantine policies that determine whether an import may be permitted and, if so, the conditions to be applied. 

The matters to be considered when deciding whether to issue a permit are set out in section 70 of Quarantine Proclamation 1998 and include the quarantine risk, whether the imposition of conditions would be necessary to limit the quarantine risk to a level that would be acceptably low, and anything else that is considered relevant. ‘Quarantine risk’ means the likelihood of the importation leading to the introduction, establishment or spread of a disease or a pest in Australia, the likelihood that harm will result (to humans, animals, plants, the environment or economic activities) and the likely extent of any such harm.

The actions of the Director of Animal and Plant Quarantine or his delegate in reaching a decision under the Quarantine Act takes into account the risk of significant harm to the environment. The recent amendments to the Quarantine Act introduced new procedures for decisions affecting the environment and clarified arrangements between quarantine decision-making and environment protection legislation, in particular the Environment Protection and Biodiversity Conservation Act 1999. 

The new procedures will formalise the existing consultation processes with Environment Australia (EA). They include formal notification of the Environment Minister that consideration is being given to making a decision (the implementation of which is likely to result in significant harm to the environment) and the risk assessment process to be followed. Preliminary findings of the risk assessment will also be notified to the Environment Minister. Any advice received from the Environment Minister will be considered in making a decision and the Environment Minister will be informed of how the advice was taken into account.

In consultation with EA, AFFA is also developing guidelines to assist quarantine officers when making decisions to ensure that the likely effects on the environment are taken into account. Decisions made by AQIS to permit the entry of animal products, made under the Quarantine Act and consistent with Australia’s conservative approach to risk, are unlikely to lead to significant adverse effects on the environment. As a routine, EA has been given the opportunity to comment on proposals to develop new quarantine policies.

IRA provides the basis for consideration of import applications in relation to the importation of uncooked pig meat. In keeping with the scope of the Quarantine Act, only factors relevant to the evaluation of quarantine risk (ie the risk associated with the entry, establishment and spread of unwanted pests and diseases) are considered in the IRA. Questions related to the potential economic consequences of importation (other than the economic impact of a pest or disease incursion) are not part of AFFA’s process of evaluation, as it relates to the formulation of quarantine policy.

2.3.2 The Australian domestic policy environment

In 1996, quarantine was the subject of a detailed independent review by a committee chaired by Professor Nairn (Nairn, 1996). Noting that the IRA process underpins Australia’s quarantine policies and procedures, the Australian Quarantine Review Committee identified six principles that should apply. The committee recommended that an IRA should be:

-
conducted in a consultative framework

-
a scientific process and therefore politically independent

-
a transparent and open process

-
consistent with both Government policy and Australia’s international obligations (under the SPS Agreement)

-
harmonised, through taking account of international standards and guidelines

-
subject to appeal on the process.

In its response (DPIE, 1997), the Government accepted all recommendations of the Nairn Report relevant to the IRA process. The AFFA publication, The AQIS Import Risk Analysis Process: A Handbook, sets out AFFA’s approach to import risk analysis, which is consistent with Australia’s obligations under the SPS Agreement and with relevant recommendations of the OIE.

2.3.3 Interstate quarantine

While the Commonwealth Government is responsible for regulating the movement of animals and their products into and out of Australia, the State/Territory Governments have primary responsibility for animal health controls within Australia. Legislation relating to resource management or animal health may be used by State/Territory Government agencies to control interstate movement of animals and their products.

In this regard, it should be noted that the Commonwealth Mutual Recognition Act 1992 has the objective of reducing barriers (including requirements set out in legislation) to the free movement of goods between states and territories. Quarantine measures enacted by State/Territory Governments are exempt from the requirements of the Mutual Recognition Act 1992, providing that the measures are required to prevent the entry of a diseases that are not present in that region and that would have a long term and substantially detrimental effect on the State/Territory. 

2.3.4 Quarantine policy for pig meat

Under current policy, uncanned, uncooked pig meat may be imported from the South Island of New Zealand, Canada and Denmark. Pig meat from Canada and Demark must, however, be imported deboned and be cooked on arrival in Australia in order to address the quarantine risk associated with the potential presence of the disease agent porcine reproductive and respiratory syndrome (PRRS) virus which does not occur in Australia or New Zealand. Pig meat cooked in Canada prior to export is also permitted.

Pig meat may be imported from any country providing the meat is canned (sealed container).

3 Characteristics of pig production in Australia

3.1 Commercial pig production in Australia

The Australian pig industry produces close to 5 million pigs per year, largely supplying the Australian domestic market for pig meat. The industry comprises approximately 3,000 pig farmers and 300,000 sows. Whilst pig production occurs in all States and Territories except the ACT it is geographically centred in the southeast and, to a lesser extent, the south west of the continent.

Traditionally, Australian piggeries have been intensive, farrow-to-finish units, often operated in association with grain production. Most of the farms were family operated. Recently the number of farmers has decreased and the number of sows per farm increased significantly. Increased use of artificial insemination, contract growing systems and outdoor production systems are also relatively recent developments.

Production is based on two breeds - the Large White and the Landrace - with strong influence from the Duroc and Hampshire. The last major importation of live pigs occurred in the mid-1980s. The importation of genetic material has been subsequently limited to small consignments of frozen semen. 

The annual contribution of the pig industry to Australia’s economy was estimated at $663 million in 1998/1999.

3.2 Other pigs in Australia 

Wild populations of introduced pigs (Sus scrofa) are widely distributed throughout eastern and northern Australia with smaller populations in the west. There are no known Australian native pigs and no words for “pig” in the languages of the Aboriginal people. The first recorded introductions of Sus scrofa coincide with the arrival of the First Fleet in 1788, and wild pigs now inhabit approximately 38% of the continent with a total population fluctuating between approximately 3.5 and 23.5 million depending on seasonal conditions. Wild pigs normally have a defined home range and are still colonising parts of Australia.

Australian wild pigs closely resemble European wild boar and their meat is exported (valued between $10 million and $20 million annually). Commercial harvesting is restricted to NSW, QLD and the NT, although recreational shooting is more widely practised.

Wild pigs may act as hosts or vectors for many endemic and potentially for exotic diseases. Diseases reported in localised sub-populations of wild pigs include brucellosis (Brucella suis), leptospirosis (Leptospira spp.), melioidosis (Pseudomonas pseudomallei), tuberculosis (Mycobacterium avium), sparganosis (Spirometra erinacei), porcine parvovirus, toxoplasmosis, and Murray Valley encephalitis and other arboviruses. In 1998, serological and virological evidence of Japanese encephalitis was reported in pig colonies in the Torres Strait and far north Queensland. Serological tests in late 1998 and 1999 revealed no evidence of this disease in domestic pigs or sentinel pigs in Northern Australia.

Few pigs are kept as pets in Australia, partly due to local government laws. All pet pigs in Australia are derived from domestic swine. The importation of breeds such as the Vietnamese Pot-Bellied pig has not been allowed, for reason related to animal health and quarantine.

Laboratory pigs have been imported but remain under quarantine control in the laboratory. 

3.3 Pig health in Australia

As a result of geographical isolation and the application of sound quarantine procedures for imported livestock, genetic material and animal products, Australia remains free of the major epidemic diseases of livestock and many of the serious diseases of swine. African swine fever, Aujeszky's disease, classical swine fever and foot-and-mouth disease, porcine reproductive and respiratory syndrome, swine influenza and transmissible gastroenteritis do not occur in Australia. Australia is also free of many of the less significant or less widely distributed diseases of pigs, such as rubula virus and vesicular stomatitis. 

3.3.1 Animal health services in Australia

Animal health services in Australia encompass many different organisations. Animal Health Australia (AHA) assists in maintaining acceptable national animal health standards that meet consumer needs and market requirements, and aid in improving the quality of the animal health infrastructure and services in Australia. AHA comprises representatives from the State/Territory and Federal Governments, peak industry bodies, the Australian Veterinary Association (AVA), the Commonwealth Scientific and Industrial Research Organisation (CSIRO) and deans of the Australian veterinary faculties. Systems exist to ensure that these organisations work together to serve both the Australian public and Australian animal health interests.

Under the Australian constitution, the Australian States and Territories are responsible for disease control and eradication within their boundaries. The Commonwealth Government provides advice and coordination and, in some instances, financial assistance for disease eradication programs. Each State has legislation for animal health that defines the power of an Inspector (who may or may not be a Government Veterinary Officer), lists diseases that are notifiable, regulates both intra- and interstate livestock movements and provides for the quarantine of diseased livestock and farms.

The CSIRO Division of Animal Health operates the Australian Animal Health Laboratory (AAHL), a national facility for rapid diagnosis, training and research into exotic diseases. In addition to this, individual Australian States and Territories have government veterinary laboratories that undertake applied research and provide a disease diagnosis and investigation service. These laboratories work in close association with field veterinary staff and private veterinary practitioners. Most veterinary diagnostic services for endemic diseases are undertaken in State Government laboratories. 

Listed below are the numbers of veterinarians and auxiliary personnel currently employed in Australia (Animal Health Australia, 1999):

Veterinarians




Auxiliary personnel
Government


603

Animal health assistants

1688

Laboratories, universities etc
369

Field assistants or vaccinators
152

Private practitioners

5600

Food hygiene / meat inspectors 
1692

Other veterinarians

735



Total



7307

Total



3532
3.3.2 Exotic disease preparedness

Exotic disease planning occurs at three fundamental levels - Commonwealth, State or Territory, and district - and involves both animal health authorities and emergency management organisations. Extensive consultations with industry, CSIRO, universities and other specialists occur at all levels. 

The Australian Veterinary Emergency Plan (AUSVETPLAN) is a coordinated national response plan for the control and eradication of “emergency animal diseases”. Its purpose is to provide a structure for the management of an exotic disease emergency using defined elements. It provides compatibility and uniformity of operation and procedures between Commonwealth and State or Territory animal health authorities, and emergency management organisations. 

An awareness program coupled with a regulatory requirement strongly encourages farmers, veterinary practitioners and veterinary diagnostic pathologists to report any disease investigations in which an exotic disease agent is considered a possible diagnosis. Appropriate diagnostic specimens are forwarded to AAHL for exotic disease exclusion or diagnosis. Under this passive surveillance system, samples are submitted from States and Territories through the State animal health agencies. In 1997/98, samples from 110 cases were submitted for exotic disease exclusion.

3.3.3 Research on pig health

Governments and industry fund animal health research in Australia. Major research providers include the CSIRO, Territory and State departments of agriculture, universities and commercial organisations.

In 1999/2000 the pig industry, through its industry research and development corporation (Pig Research and Development Corporation - PRDC), allocated more than $1.1 million to fund research projects under the portfolio of health (endemic and exotic diseases), housing and welfare
. The following projects are amongst those that have recently been funded:

· attenuated vaccines for colibacillosis in weaner pigs

· on farm eradication of porcine pleuropneumonia

· porcine respiratory disease projects

· porcine reproductive and respiratory syndrome (PRRS) contingency plan

· porcine circovirus survey.

3.3.4 Animal health surveillance

The Australian National Animal Health Information System (NAHIS), based on routine monitoring of selected diseases and supplemented by specific studies and surveys, has operated since 1993. NAHIS provides summary information on animal diseases and their importance in Australia, livestock numbers, slaughter statistics, and other related information. In 1999, the system included 31 (endemic and exotic) diseases. Sources of data for NAHIS include Commonwealth, State and Territory animal health authorities, diagnostic laboratories, eradication or control programs, herd monitoring systems, universities, research programs and veterinary practices.

The Northern Australian Quarantine Strategy (NAQS) was initiated in 1989 as a means by which to address the special quarantine risk factors which apply to Australia’s northern coastline. This strategy includes off- and onshore surveillance activities, and is designed to provide both a better understanding of the animal health status of neighbouring countries and early warning regarding new threats. NAQS includes joint programs with Papua New Guinea and Indonesia, utilising both sentinel herd programs and periodic field surveys. Diseases targeted include foot-and-mouth disease, Aujeszky's disease, arboviruses and their vectors, classical swine fever, trichinosis, cysticercosis (Taenia solium), surra, and old-world screw-worm fly (Chrysomia bezziana).

In 1996, following negotiations with Canada regarding Australia’s status with respect to porcine reproductive and respiratory syndrome (PRRS), a national serological survey was undertaken in order to confirm our freedom from this disease. The results of this study supported the view that Australian domestic pigs are free of PRRS virus.

A preliminary survey of a limited number of domestic pigs has demonstrated the presence of porcine circovirus type 1 and porcine circovirus type 2 strains (97% homology to French and Canadian strains). A more extensive national survey is to be conducted.

4 Hazard identification

Hazard identification was carried out in two discrete stages:

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

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

4.1 Preliminary index of diseases/agents

The preliminary index of diseases/agents that appears below was derived by combining the relevant OIE Lists, and other pathogens/diseases of swine that are potentially of quarantine concern:
List A diseases/agents


Foot-and-mouth disease virus

Vesicular stomatitis virus

Swine vesicular disease virus

Rinderpest virus

African swine fever virus

Classical swine fever virus

List B diseases/agents

Anthrax

Aujeszky’s disease virus

Leptospirosis

Rabies virus

Bovine tuberculosis (Mycobacterium bovis)

Haemorrhagic septicaemia of swine (Pasteurella multocida)

Japanese encephalitis virus

Surra (Trypanosoma evansi)

Venezuelan, Eastern and Western equine encephalomyelitis

Atrophic rhinitis of swine

Enterovirus encephalomyelitis (Teschen disease)

Porcine brucellosis (Brucella suis)

Porcine reproductive and respiratory syndrome virus

Transmissible gastroenteritis virus

Trichinellosis (Trichinella spiralis)

Other diseases/agents

Actinomycosis (Actinobacillus suis, Actinomyces suis and A. equuli)

Bovine viral diarrhoea (pestivirus)

Congenital tremors

Cysticercosis (Cysticercus cellulosae)

Encephalo-myocarditis virus

Eperythrozoonosis (Eperythrozoon suis)

Escherichia coli

Haemagglutinating encephalomyelitis virus

Haemophilus parasuis

Inclusion body rhinitis

Intestinal adenomatosis complex, porcine proliferative enteropathies

Listeriosis (Listeria monocytogenes)

Melioidosis (Pseudomonas pseudomallei)

Mycoplasma hyopneumoniae

Mycoplasma hyorhinis

Mycoplasma hyosynoviae
Nipah virus

Porcine adenovirus

Porcine epidemic diarrhoea virus

Porcine paramyxovirus (Australian) 

Porcine parvovirus

Porcine pleuropneumonia (Actinobacillus pleuropneumoniae)

Porcine respiratory coronavirus

Post-weaning multi-systemic wasting syndrome (porcine circovirus type 2)

Reovirus infection

Rotavirus infection

Rubula virus

Salmonellosis

Sarcocystis spp

Serpulina pilosicoli

Streptococcus suis
Swine dysentery

Swine erysipelas

Swine hepatitis E virus

Swine influenza virus

Swine pox

Toxoplasma gondii
Vesicular exanthema virus

Yersinia enterocolitica
4.2 Hazard refinement 

Hazard refinement denotes the process whereby causative agents associated with each of the diseases in the preliminary index are categorised. This is determined according to the criteria set out below. Where definitive data relevant to categorisation are lacking, AFFA makes conservative judgements that draw on scientific knowledge and observations made in similar situations and any other appropriate information. 

A. The disease agent is infectious. Putative disease agent must cause or be causally associated with a recognised disease and the disease must have been shown to have an infectious aetiology.

B. The disease agent must have been found in association with pigs. 

C. The disease agent must be transmissible to susceptible hosts and may have been isolated. Ideally Koch’s or Evans’ (Thrusfield 1995) postulates have been satisfied. This excludes diseases caused by environmental (eg. toxicosis), genetic or nutritional factors.

D. The disease agent is exotic to Australia. The disease 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 disease 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 meet this criterion.

E. The disease agent is present in Australia but subject to official control. If a disease agent or disease occurs in Australia, one or more State/Territory Government(s) must have enacted legislation and be taking action to control or eradicate the disease/agent. For the purpose of this process, mandatory control measures would be deemed to exist if such measures relate to products within the scope of this analysis.

F. The disease agent is listed by the OIE. The disease agent causes a notifiable or other significant disease as listed by the OIE.

G. The disease agent would be expected to cause significant disease in Australia. The disease 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 disease agent will be given detailed consideration in the IRA if it is: 

· Infectious

and

· Either,

· exotic to Australia, or 

· present in Australia but subject to official control

and

· Either

· OIE listed and/or

· would cause significant disease in Australia.

The results of this procedure are shown in Table 1.

Table 1: Preliminary index – diseases/agents of possible concern

Disease/disease agent
Occurrence
Include as an identified hazard?1


Occurrence in Australia
Control measures in Australia







OIE List A Diseases/Agents




Foot-and-mouth disease virus
Not present



Yes

Vesicular stomatitis virus
Not present



Yes

Swine vesicular disease virus
Not present



Yes

Rinderpest virus
Not present



Yes

African swine fever virus
Not present



Yes

Classical swine fever virus
Not present



Yes






OIE List B Diseases/Agents




Anthrax (Bacillus anthracis)
Present


Movement controls during outbreaks
No

Aujeszky’s disease virus
Not present



Yes

Leptospirosis (Leptospira spp.)
Present


No control measures
No

Rabies virus
Not present



Yes

Bovine tuberculosis (Mycobacterium bovis)
Declared free 31/12/97



Yes

Haemorrhagic septicaemia (Pasteurella multocida)
Not present 



Yes

Japanese encephalitis virus
Serological evidence on Cape York (1998) but sentinel pigs negative to date 

Yes

Surra (Trypanosoma evansi)
Not present. Diagnosed in imported camels in 1907 in north-west Australia - camels destroyed

Yes

Venezuelan, Eastern and Western equine encephalomyelitis
Not present



Yes

Atrophic rhinitis of swine (Pasteurella multocida and Bordatella bronchiseptica)
Present 
No control measures
No

Enterovirus encephalomyelitis / Teschen disease
Not present



Yes

Porcine brucellosis (Brucella suis)
Present in Qld 


Notifiable. Movement restrictions for infected properties and States
Yes

Porcine reproductive and respiratory syndrome virus
Not present



Yes

Transmissible gastroenteritis virus
Not present



Yes

Trichinellosis (Trichinella spiralis)
Not present



Yes






Other diseases/agents




Actinobacillus suis, Actinomyces suis and A. equuli
Present
No control measures
No

Bovine viral diarrhoea (Pestivirus)
Present
No control measures
No

Congenital tremors (unknown aetiology)
Probably present
No control measures
No

Cysticercosis (Cysticercus cellulosae)
Not present

Yes

Encephalo-myocarditis virus 
Present
No control measures
No

Eperythrozoonosis (Eperythrozoon suis)
Not present

Yes

Escherichia coli
Present
No control measures
No

Haemagglutinating encephalomyelitis virus
Present
No control measures
No

Haemophilus parasuis
Present
No control measures
No

Inclusion body rhinitis (Porcine cytomegalovirus)
Present
No control measures
No

Intestinal adenomatosis complex, porcine proliferative enteropathies (Lawsonia intracellulare)
Present
No control measures
No

Listeriosis (Listeria monocytogenes)
Present
No control measures
No

Melioidosis (Pseudomonas pseudomallei)
Present
No control measures
No

Mycoplasma hyopneumoniae
Present
No control measures
No

Mycoplasma hyorhinis
Present
No control measures
No

Mycoplasma hyosynoviae
Present
No control measures
No

Nipah virus
Not present

Yes

Porcine adenovirus
Present
No control measures
No

Porcine epidemic diarrhoea virus
Not present

Yes

Porcine paramyxovirus (Australian) 
Eradicated from infected pig herd

No

Porcine parvovirus
Present
No control measures
No

Porcine pleuropneumonia (Actinobacillus pleuropneumoniae)
Present
No control measures
No

Porcine respiratory coronavirus
Not present  

Yes

Post-weaning multi-systemic wasting syndrome (porcine circovirus type 2)
Unknown. A limited serological survey has demonstrated a PCV2 strain

Yes

Reovirus infection
Probably present
No control measures
No

Rotavirus infection
Present
No control measures
No

Rubula virus
Not present

Yes

Salmonellosis (Salmonella typhimurium DT 104)
Not present

Yes

Sarcocystis spp.
Present
No control measures
No

Serpulina pilosicoli
Present
No control measures
No

Streptococcus suis
Present
No control measures
No

Swine dysentery (Serpulina hyodysenteriae)
Present
No control measures
No

Swine erysipelas (Erysipelothrix rhusiopathiae)
Present
No control measures
No

Swine hepatitis E virus
Present
No control measures
No

Swine influenza virus
Not present

Yes

Swine pox virus
Present
No control measures
No

Toxoplasma gondii
Present
No control measures
No

Vesicular exanthema virus
Not present



Yes

Yersinia enterocolitica
Present
No control Measures
No

1 Include as an identified hazard?

Yes:
This indicates that characteristics of the disease and, specifically, the role of pig meat in its transmission, will be examined more closely in the ensuing IRA

No: 
This indicates that at least one of the necessary criteria are void, and that there is no cause to further examine the disease

Diseases/disease agents that will be considered further in the IRA:

Foot-and-mouth disease virus

Vesicular stomatitis virus

Swine vesicular disease virus

Rinderpest virus

African swine fever virus

Classical swine fever virus

Aujeszky’s disease virus

Rabies virus

Bovine tuberculosis (Mycobacterium bovis)

Haemorrhagic septicaemia of swine (Pasteurella multocida)

Japanese encephalitis virus

Surra (Tyrpanosoma evansi)

Venezuelan, Eastern and Western equine encephalomyelitis

Enterovirus encephalomyelitis (Teschen disease)

Porcine brucellosis (Brucella suis)

Porcine reproductive and respiratory syndrome virus

Transmissible gastroenteritis virus

Trichinellosis (Trichinella spiralis)

Cysticercosis (Cysticercus cellulosae)

Eperythrozoonosis (Eperythrozoon suis)

Nipah virus

Porcine epidemic diarrhoea virus

Porcine respiratory coronavirus

Post-weaning multi-systemic wasting syndrome

Rubula virus (Mexican Blue eye disease)

Salmonellosis

Swine influenza virus

Vesicular exanthema virus

5 Description of identified hazards

5.1 Foot-and-mouth disease virus

Aetiology

Foot-and-mouth disease (FMD) is an highly contagious viral vesicular disease of cloven hoofed animals produced by an aphthovirus of the family Picornaviridae. Foot-and-mouth disease virus is a single-stranded RNA virus.

Agent characteristics

There are seven serotypes of FMD virus - A, O, C, SAT 1, SAT 2, SAT 3 and Asia 1. These may be differentiated by serological tests, including the serum neutralisation test, the complement fixation test and enzyme-linked immunosorbent assay (ELISA). There is no cross immunity between the serotypes. The serotypes may be further divided into about 60 subtypes on the basis of quantitative serological tests. Antigenic variation tends to be greatest within type A. Subtype analysis of strains of FMD virus is important in epidemiological studies and for the selection of the most appropriate vaccine strains for a region where vaccination is practiced.
Foot-and-mouth disease virus is sensitive to both acid and alkaline conditions. It is most stable at pH 7.4 – 7.6, and all strains are rapidly inactivated below pH 4 and above pH 11. There is some strain variation at intermediate values, although this is also dependent on ambient temperature. The virus will retain infectivity at pH 6.7 – 9.5 at 4°C or lower, although this range narrows as the temperature rises (Wittman, 1989; Thacker et al, 1984; Geering et al, 1995; House and House, 1992; Hare, 1985).
At temperatures below freezing, the virus is stable almost indefinitely. At 4°C in simple media, the virus retains infectivity for more than one year. Suspensions of virus will retain infectivity for 8–10 weeks at ambient temperatures of about 22°C, and for up to 10 days at 37°C. Above this temperature, inactivation is more rapid. For example, 56°C for 30 minutes is sufficient to inactivate most strains of FMD virus suspended in simple media (Geering et al, 1995). 

Sunlight per se has little effect on the virus, and environmental inactivation is related more to the effects of desiccation and temperature. Acid and alkaline formulations are the most effective for disinfection (Geering et al, 1995).
World distribution

Foot-and-mouth disease is endemic in parts of Asia, Africa, the Middle East and South America. The EU Member States, North America, Australia and New Zealand are free.

Disease characteristics

Host species: Of the domestic livestock species, FMD affects cattle, buffaloes, pigs, sheep, goats and deer, although the disease is generally most severe in cattle and pigs. Pigs are considered more susceptible than other species to infection via the oral route. Most wild cloven-hoofed species are also susceptible to the virus, as are elephants, hedgehogs and some rodents.

Pathogenesis: Irrespective of the portal of entry, once virus has entered the bloodstream it is widely distributed to many sites, probably in mononuclear cells (Yilma, 1980). Gross lesions subsequently develop in areas such as the epithelium of the mouth and feet and, to a lesser extent, the teats. Characteristic lesions develop at these sites after an incubation period of 1-21 days (3-8 days is common in cattle and pigs). The initial viraemia is often inapparent and it is only with localisation in the epithelium of the mouth and feet that animals are noticed to be clinically abnormal. At the end of viraemia, lesions either persist due to secondary bacterial complications (particularly teat lesions) or resolve. 

The virus may persist in the pharyngeal and cranial oesophageal tissues of infected cattle, sheep and other ruminants for months or, occasionally, years, and may be shed during this period in oral secretions and aerosol droplets (Burrows et al, 1981). Pigs do not become persistent carriers, and cease excreting virus 3-4 weeks after becoming infected (Geering et al, 1995). In young animals of all species, the virus may cause a necrotising myocarditis - this lesion, while unusual, has also been reported in adult pigs infected with FMD type O virus (Radostits et al, 1994).

Transmission: Foot-and-mouth disease is considered to be one of the most contagious of animal diseases. Foot-and-mouth disease virus can enter and infect animals as a result of oral ingestion, inhalation, entry through a break in skin or artificial insemination (Radostits et al, 1994, Geering et al, 1995; Callis, 1996). Given this, it can be seen that FMD virus can be transmitted between herds or flocks, countries and continents by a wide variety of mechanisms. 

In tropical regions, the most important method of spread is believed to be direct contact between cattle moving freely within infected countries, between states and between countries as trade or nomadic animals. Under more intensive production systems, the first introduction to a new area may be via pigs which contract infection by ingestion of infected meat scraps (Radostits et al, 1994). Spread from these pigs to cattle and/or other susceptible animals may then occur as a result of animal or human movements or the disposal of abattoir waste or animal carcasses, and the oral ingestion of contaminated material. Widespread transmission to and between cattle is likely to result from the inhalation of airborne infected aerosols. 

Foot-and-mouth disease virus can persist for long periods in infected aerosols in temperate or subtropical climates. The speed and direction of wind are important factors in determining the rate of airborne spread. Humidity is also important, and may be a factor in the supposition that, while spread over land is generally confined to distances no greater than 10km, airborne spread over water can be achieved at distances of more than 250km (Gloster et al, 1982). It has been shown that pigs are the most potent excretors of airborne virus, and that cattle are the most susceptible to airborne infections (Donaldson and Doel, 1992; Geering et al, 1995). Given this, pigs are regarded as important amplifying hosts for the disease, while cattle are considered good indicator hosts. Sheep have been considered maintenance hosts because infection can spread through and between flocks with little overt sign of disease (Geering et al, 1995).

Aside from aerosols, indirect transmission through fomites is also of importance. The virus can retain infectivity for considerable periods in the environment (for example, 14 days in dry faecal material; six months in slurry in winter; 39 days in urine; 28 days on the surface of soil in autumn; and 3 days on the surface of soil in summer). Such observations have generally been made in countries with a temperate climate, and the cited times could be expected to be much shorter in tropical regions. Bulk milk tankers have been incriminated in the spread of infection in several outbreaks through exhausting infected aerosols when taking on milk at dairies, although filters may be fitted to prevent this occurring. People can readily transfer infection through contaminated clothing or through virus on their hands or in their nostrils. 

The role of carrier animals in the transmission of FMD remains uncertain since, while up to 50% of infected cattle, sheep and goats will become carriers, transmission from these to susceptible animals has not been conclusively demonstrated (Samara and Pinto, 1983). Given the above, there is epidemiological evidence to suggest that transmission between asymptomatic carrier buffaloes and domestic cattle may occur under field conditions (Geering et al, 1995).
Outbreaks of FMD may originate through swill-feeding infected animal products to pigs. Outbreaks of FMD have been attributed to the importation of infected meat (beef and pork) or meat products, and the distribution of meat scraps to susceptible domestic animals (McKercher et al, 1980; Fenner et al, 1987; Blackwell and Rickansrud, 1989; Radostits et al, 1994; Callis, 1996). Pigs are particularly important in this respect as they are the most commonly-raised omnivorous species of livestock and may be fed scraps of human food. As described above, pigs are also important amplifier hosts for FMD.

Despite the role of meat and meat products in the transmission of FMD, striated muscle tissue is not considered to be a primary or secondary site for virus multiplication (Geering et al, 1995). However, where animals are viraemic at the time of slaughter, muscle tissue may be contaminated by infected mononuclear cells or free virus particles within the muscle vasculature. Foot-and-mouth disease virus is readily inactivated in skeletal muscle as the pH decreases below 5.8 within 48 hours of the onset of rigor mortis (Blackwell, 1984). However, where animals are stressed prior to slaughter, or meat frozen without allowing for maturation, the pH of muscle tissue may not fall sufficiently to inactivate FMD virus. Monin (1981) showed that where meat is frozen before maturation, infectious viral particles may remain viable for up to 80 days. Alternatively, meat and meat products may contain tissues other than muscle, either as ingredients or because these tissues (for example, bone marrow and lymphoid tissue) may be difficult to separate from the meat itself (Section 1.2). Viable FMD virus has been isolated from both lymph nodes and bone marrow, and may be protected within these tissues from the low pH in surrounding muscle (Cottral, 1969; Blackwell and Risckansrud, 1989). In samples of bone marrow taken from cattle during the acute stage of infection (48 hours post infection) FMD virus survived at 1-4°C for as long as 210 days (Cottral, 1969). Outbreaks of FMD have been attributed to feeding pigs contaminated bone lodged in meat scraps (Callis, 1996).

Foot-and-mouth disease virus survives in frozen meat products almost indefinitely. The activity of FMD virus within bovine tongue epithelium frozen at –50°C remained virtually unchanged after 11 years (Cottral, 1969). Many studies have examined the effect of heating or cooking on FMD virus (McKercher et al, 1978; Blackwell, 1984; Blackwell et al, 1988; Blackwell and Rickansrud, 1989). Blackwell et al (1988) showed that a heat flux (Q) of 1363 kcal/m2 was required to inactivate FMD virus. These authors also showed that a product’s potential for heat absorption was influenced by it’s total mass, the method of presentation (slices, chunks, ground beef, etc), product formulation (the presence, type and proportion of non-muscle tissue) and the mode of heat transfer through the product. 

Given the above, general benchmarks for thermal inactivation have been reported. Cottral (1969) and McKercher et al (1980) stated that retort heating to 69°C was sufficient to inactivate FMD virus in meat products. Blackwell (1984), however, stressed that FMD virus within lymphoid tissue, bone, blood clots or heart muscle may survive at this temperature, and showed it also survived non-retort heating in nylon containers at 63°C for 1.2 hours and 71.2 °C for 1.45 hours, but not at 79.4°C for 2 hours. Masana et al (1995) showed that low-temperature long-time (LTLT) thermal treatment could be used to inactivate FMD virus in meat products. These authors, concerned about the damage to meat products heated at temperatures greater than 80°C, found that heating to 71°C for 10.66 hours or 75°C for 5.75 hours inactivated FMD virus. Others (Pagliaro et al, 1996) found that FMD virus could be inactivated in miniburgers (4 cm by 2 cm by 1.6 cm mince patties weighing approximately 6.6 gm) by grilling in a dry oven for 299 seconds at 208°C followed by steam cooking in a moist oven for 90 seconds at 99.4°C. The moisture content of meat products may affect the temperature sensitivity of FMD virus. Early research (Dimopoullos, 1960) showed that FMD virus survived in dried tissues after retort heating to 130°C for 1 minute, to 120°C for 3 minutes to 110°C for 5 minutes or to 70°C for 2.5 hours.

Foot-and-mouth disease virus inactivation data for various curing processes were summarised by Mebus et al (1993). These authors discuss the importance of specific curing regimens, stating that FMD virus can survive for 170 days in hams salted and dried using the ‘Prosciutto di Parma’ process (the acknowledged curing time for Parma ham is 365 days), for 190 days in bacon, 183 days in ham fat and 89 days in ham bone marrow. From their original research, these authors also reported that FMD virus could be inactivated after 168 days in Iberian ham (total curing process 365-730 days), after 112 days in Iberian shoulder (total curing process 240-420 days), after 42 days in Iberian loin (total curing process 90-130 days) and after 182 days in serrano ham (total curing process 180-365 days). With regard to sausage products, Panina et al (1988) showed that FMD virus was inactivated after 7 days within Italian salamis cured and prepared using either of two recognised traditional techniques. Alternatively, Masana et al (1995) showed that FMD virus could be inactivated in frankfurters by a thermal process consisting of conventional continuous cooking, then steam cooking of vacuum packaged product for 133 minutes to reach a minimum internal temperature of 92.2°C.

Lasta et al (1992) showed that combined treatment by irradiation, heat and pH modification was effective in inactivating FMD virus in meat products. Alternatively, Baldelli et al (1965) found that a minimum of 17.5 kilogray (KG) would inactivate FMD virus in blood, bone marrow and lymph nodes from infected pigs.

5.2 Vesicular stomatitis virus
Aetiology

Vesicular stomatitis (VS), an infectious disease responsible for significant economic loss in cattle, horses and pigs, is caused by a member of the Vesiculovirus genus of the family Rhabdoviridae.
Agent characteristics

There are two serotypes of VS virus - Indiana and New Jersey. Of these, New Jersey is the most virulent and common, and the more frequent cause of outbreaks of vesicular stomatitis in the United States. There are three Indiana subtypes – Fort Lupton, Alagar (Brazil) and Cocal (Trinidad).

In contrast to FMD virus, VS virus is sensitive to environmental conditions and is rapidly inactivated outside the host (Radostits et al 1994). Under laboratory conditions, however, VS virus shows a wide range of pH tolerance, retaining infectivity between pH 4 and 11.6 (Fong and Madin, 1954). Vesicular stomatitis virus is inactivated by temperatures higher than 50°C, although survives in soil at 4-6°C (Hanson and McMillan, 1990). All common disinfectants, formalin, phenols and quaternary ammonium compounds rapidly inactivate vesicular stomatitis virus (Hanson and McMillan, 1990).
World distribution

Vesicular stomatitis is limited to the Americas, where it is endemic in the south-eastern United States, Central America, Venezuela, Columbia and Ecuador. In the United States, epidemics or sporadic outbreaks occur at irregular intervals of several years in regions outside the endemic belt, principally along the Mississippi valley and in the south-western states. The disease has occurred as far north as Manitoba in Canada.

Disease characteristics

Host species: Cattle, horses and pigs are susceptible to VS virus. Sheep and goats are relatively resistant. Human infections occur and many species of wildlife are also susceptible.

Pathogenesis: Vesicular stomatitis virus invades susceptible animals through abrasions of the epithelium of the mouth, the teats or the coronary band. After an incubation period of 24-48 hours, vesicles appear at the site of infection, enlarge and, occasionally, coalesce. The severity of vesicular lesions depends upon the strain of VS virus, and on secondary bacterial infections (Hanson and McMillan, 1990). 

Transmission: Aspects of the epidemiology of VS in pigs remain controversial. It is known that infection occurs by oral ingestion of contaminated material, particularly as a result of shared feed and water troughs, or by contamination of cuts and abrasions on teats or coronary band (Hanson and McMillan, 1990). Vesicular stomatitis virus may be transferred between farms in contaminated material, including milk or milking equipment, although its spread is not typical of a communicable disease in that it does not necessarily follow livestock transport routes or reach all susceptible herds. Vesicular stomatitis tends to recur in particular areas or groups of farms, leaving others free (Hanson and McMillan, 1990). The virus has the seasonal distribution of an arthropod-borne disease, although no conclusive links to particular vectors have been identified.
Hanson (1981) and Van der Maaten (1986) maintain that VS virus is not found in any edible tissues, and these authors independently conclude that the only means by which it could reach human consumers (or animals consuming scraps of human food and other waste) is through consumption of virus-contaminated milk. There are no accounts of the transmission or suspected transmission of VS through pig meat or pig meat products.

5.3 Swine vesicular disease virus

Aetiology

Swine vesicular disease (SVD) is an highly contagious vesicular disease caused by an enterovirus of the Picornaviridae family. Swine vesicular disease is of limited direct economic impact, although is important in being clinically indistinguishable from FMD, vesicular stomatitis and vesicular exanthema of swine.

Agent characteristics

A single serotype of SVD virus is recognised

Swine vesicular disease virus is considered to be stable over a pH range of 2-12, although a proportion of viral particles may be lost at either end of this spectrum (Donaldson et al, 1983). When held at 5°C and a pH of 7.5, SVD virus survived without loss of titre for more than 164 days. As pH was lowered to 2.88 or raised to 10.14, however, more than 6 log units of virus were lost over the same period (Herniman et al, 1973). Swine vesicular disease virus is more resistant to heating and desiccation than FMD virus and can retain infectivity in faeces for 138 days (Geering et al, 1995; House and House, 1992). 

World distribution

Swine vesicular disease was first reported in Italy in 1966 and since then has occurred in Hong Kong (1991), in the UK (1982), in France (1983), in Germany (1985), in the Netherlands (1994), in Belgium (1993), in Switzerland (1975), in Portugal (1995), in Spain (1993) and in Greece (1973). Occasional outbreaks still occur in Italy. The disease is not present in North, Central or South America, although it may be present but not confirmed in some countries in Asia. Swine vesicular disease does not occur in Australia or New Zealand.

Disease characteristics

Host species: Pigs are the only natural hosts for SVD virus, although laboratory workers in contact with the disease have developed vesicular lesions.

Pathogenesis: In natural outbreaks, infection is most likely to occur through damaged skin (Radostits et al, 1994). Once infection has been established in the first pig, viral multiplication and excretion is massive and leads to the oro-nasal infection of herd mates through the tonsil, gastrointestinal tract and skin abrasions. Infection is followed by viraemia, and subsequently localisation and secondary lesions in the epithelium of the tongue, lip, snout, coronary band and myocardium (Chu et al, 1979; Dekker et al, 1995).

Transmission: During, and for a short period following the viraemic phase, virus is excreted in oral and nasal secretions. It is excreted in faeces for up to three weeks, and vesicular fluid and shed epithelium are also potent sources of infection (Burrows et al, 1974). Virus subsequently contaminates the environment or vehicles, or is directly transferred to in-contact pigs (Radostits et al, 1994). Unlike FMD virus, transmission of SVD virus through the aerosol route is not considered important (Radostits et al, 1994). New outbreaks of SVD are initiated by the introduction of infected pigs, by exposure to infected vehicles or markets, or through the feeding of infected material (McKercher et al, 1974; Watson, 1981; Loxam and Hedger, 1983). 

Infected material is commonly garbage or swill containing scraps of infected pig meat (Loxam and Hedger, 1983). Swine vesicular disease virus may either be present in muscle tissue or muscle vasculature if pigs are viraemic at the time of slaughter (McKercher et al, 1974; Blaha, 1989; Pensaert, 1989), or may contaminate meat during carcass processing (Geering, et al, 1995). Swine vesicular disease virus is relatively resistant to temperature extremes, desiccation and pH changes, and this increases the potential for contamination of meat within an abattoir or meat works as a result of contact with infected urine, faeces or other fomites (Geering et al, 1995). The virus is also resistant to the pH changes that accompany rigor mortis, and is capable of surviving within stored fresh or frozen meat (Geering et al, 1995; House and House, 1992; Shiow et al, 1979). Indeed, Shiow et al (1979) showed that the titre of SVD virus did not alter in frozen carcasses during 11 months of storage. These authors also reported that carcasses kept at 4oC retained detectable viable SVD virus in muscle tissue after 3 weeks of storage. Likewise, Watson (1981) reported that carcass material stored for 12 months at 12-17°C showed no drop in viral titre. 

Swine vesicular disease virus within lymph nodes or muscle tissue has been inactivated by retort heating to 69°C (McKercher et al, 1974b; McKercher et al, 1978). The survivability of SVD virus in particular meat products has also been investigated. When traditional curing processes were followed, SVD virus could not be recovered from ‘mortadelle’ sausages but could be recovered from Italian salami for at least 42 days of aging (Frescura et al, 1976). Moreover, McKercher et al (1974) showed that SVD virus can survive for at least 200 days in dried salami and peperoni sausages, and in processed intestinal casings. In a joint US-Italian project (McKercher et al, 1985), hams produced using the ‘Prosciutto de Parma’ (Parma ham) process were negative on culture for SVD virus at both 182 and 310 days (Italian study) and 300 and 360 days (US study). Both results were within the acknowledged 365 day curing period for Parma ham. When Spanish dry-cure variations of the Parma ham process were used, Mebus et al (1993b) showed that Iberian hams were free of SVD after 560 days (curing period 365-730 days), 539 days in serrano hams (curing period 180-365 days), 28 days in Iberian loins (curing period 90-130 days) and 122 days in Iberian shoulder hams (curing period 240-420 days). These authors suggested that the extended inactivation times may have arisen as a result of artificially high initial titres, although reiterated the need for regulators to individually investigate the effect of each processing method.

5.4 Rinderpest virus

Aetiology

Rinderpest is an acute viral disease characterised by inflammation and necrosis of mucous membranes, and a very high mortality rate in susceptible animals. Rinderpest is caused by a member of the Morbillivirus genus of the family Paramyxoviridae. Other viruses in this genus include the causative agents of measles, canine distemper, phocine (seal) distemper and peste des petits ruminants virus. These viruses have similar physicochemical properties and are serologically related.
Agent characteristics

There is a single serotype of the morbillivirus responsible for rinderpest, although the many identified strains vary in virulence.

Rinderpest virus is not particularly stable and probably does not survive in dried secretions or excretions for more than a few days, nor in the carcasses of dead animals (Geering et al, 1995). The virus is relatively heat sensitive, being rapidly inactivated at 56°C, and stable between pH 5.8 and 9.5. As it is enveloped, the virus is inactivated by disinfectants containing lipid solvents.

World distribution

Rinderpest occurs in parts of Africa, the Middle East and southern Asia. Rinderpest is still endemic in India although its incidence and geographical distribution have been substantially reduced by vaccination campaigns. In South-East and eastern Asia, rinderpest appears either to have been eradicated or have disappeared naturally, although there may still be pockets of infection in remote areas of Vietnam and Cambodia. Rinderpest is not present in Australia or New Zealand.

Disease characteristics

Host species: Although the main hosts are cattle and buffaloes, native breeds of pigs in South-East Asia are also quite susceptible. European pig breeds are generally resistant to Rinderpest virus.

Pathogenesis: Rinderpest virus is inhaled in infected droplets or ingested with contaminated feedstuffs, penetrates the epithelium of the upper respiratory tract or oral cavity, and multiplies in the tonsils and regional lymph nodes. Following primary multiplication, the virus enters the bloodstream in mononuclear cells which disseminate it to other lymphoid organs, the lungs and epithelial cells of mucous membranes. The virus is intimately associated with lymphocytes, only a small proportion being freely available in plasma. Rinderpest has an high degree of affinity for lymphoid tissue and alimentary mucosa. The virus destroys lymphocytes and this produces a characteristic leukopaenia. Likewise, viral multiplication within alimentary epithelial cells produces focal necrotic stomatitis and enteritis. Death results from dehydration or from secondary bacterial or parasitic infections.

Transmission: Close contact is necessary for the direct transmission between animals, since the viral agent does not survive long outside the host (Radostits et al, 1994; Geering et al, 1995). Viral particles are excreted by infected animals in urine, faeces, nasal discharges and perspiration, and transmission may thus occur through contaminated feedstuffs or troughs, or through the inhalation of infected aerosol. The degree of transmission through infected aerosol depends on the closeness of animals, and is exacerbated by managerial practices such as supplement feeding or yarding, and by high relative humidity (Wafula et al, 1989). The degree of transmission as a result of the contamination of feedstuffs will be high in the situation where infected animals are sharing feed and contaminating it directly with infected secretions. The role of infected carcasses or scraps of infected meat, however, is less clear.

Geering et al (1995) state that pigs may become infected through eating contaminated offal, but that other animal products are not likely to represent a source of infection. The reason for this is the sensitivity of Rinderpest virus to the low pH that commonly occurs with rigor mortis and carcass maturation (MacDiarmid, 1991). Nevertheless, one author reports that active virus was recovered from carcasses held at 4°C for 30 days, and from carcasses aged for 24 hours and then held at 4°C for 8 days (Blackwell, 1984). Another found that Rinderpest virus remained viable after storage for 7 days at 4°C (Ezzat et al, 1970). Rinderpest virus has also been recovered from carcasses buried for 2 months (Blackwell, 1984).

The half-life of rinderpest virus within spleen or lymph node was 5 minutes at when raised to 56°C, 105 minutes at 37 °C and 6.4 hours at 25 °C (Scott, 1959). Blaha (1989) reports that rinderpest may survive for several months in salted meat. Studies investigating the effect of common commercial cooking or curing processes on the viability of Rinderpest virus were not identified.

5.5 African swine fever virus
Aetiology

African swine fever (ASF) is an highly contagious, systemic haemorrhagic disease expressed in acute, subacute and chronic forms. The African swine fever virus is a DNA virus with characteristics of both iridoviruses and pox viruses.
Agent characteristics

Strain variation is not reported.

African swine fever virus is stable between pH 4 and pH 13, and is thus resistant to the pH changes that occur with rigor mortis (Plowright and Parker, 1976). African swine fever virus is also relatively resistant to temperature extremes and is not inactivated by freezing and thawing. The virus may survive for many months in raw unprocessed frozen meat (Fenner et al 1987; Blaha, 1989; Pensaert, 1989) and has been recovered from spleen kept at –80°C for 105 weeks, from serum kept at 4°C for 83 weeks, from serum at 37°C for 10-22 days and from serum raised to 56°C for 90 minutes (Plowright and Parker, 1976).

World distribution

African swine fever is enzootic in most countries of Sub-Saharan Africa. In Europe it has been reported in the Iberian Peninsula, with the last outbreak reported in December 1993, and is still present in Sardinia. A recent outbreak (November 1999) of ASF was reported in the Alentejo region of Portugal. It was present in various South American and Caribbean countries, but has since been eradicated. African swine fever is not present in Australia or New Zealand.

Disease characteristics

Host species: Pigs are the only natural vertebrate hosts. Clinical disease occurs in domestic pigs and the European wild boar, while subclinical infection occurs in warthogs and bush pigs in Africa.

Pathogenesis: The virus invades through the tonsils and respiratory tract, or by direct inoculation from feeding ticks (see Transmission), and replicates in draining lymph nodes. Replication and the onset of viraemia generally occur within 48-72 hours of infection (Hamdy and Dardini, 1984). Infected pigs become thrombocytopaenic over the following 48 hour period. Immune mediated thrombocytopaenia and associated coagulation defects lead to the development of haemorrhages, serous exudates, infarctions and tissue oedema (Edwards et al, 1985). In addition, the virus causes serious lymphopaenia as a result of the widespread destruction of lymphocytes, and has a significant effect on macrophages and reticular cells (Radostits et al, 1994).

Transmission: In Africa, the means by which ASF virus is transmitted from a reservoir in warthogs to domestic pigs remains uncertain. Evidence suggests that the argasid ticks Ornithodoros moubata (Endris et al, 1987) and to a lesser extent O. savignyi (Mellor and Wilkinson, 1985) are the likely vectors. Transmission between warthogs and domestic pigs may be prevented by isolating domestic pigs from these ticks (Wilkinson, 1984). Other studies suggest that the virus may be cycled within populations of the two argasid ticks in the absence of warthogs, thus providing a reservoir for infection (Wilkinson, 1984). Likewise, it appears that outbreaks of the disease in previously ASF-free regions of Africa or South-East Asia are due to migration of the tick vector rather than migration of diseased warthogs or diseased wild or feral pigs (Haresnape, 1989). African swine fever does not produce any apparent effects in either warthogs or ticks and the clinical syndrome of ASF is only seen when domestic or feral pigs become infected (Wilkinson, 1984).
The European vector for the ASF virus is the soft tick, O. erraticus, which can maintain and transmit infection for up to 300 days (Wilkinson, 1984). As is the case for the African scenario, prevention of contact between ticks and domestic pigs prevents the occurrence of outbreaks of ASF (Oleaga-Perez et al, 1990). Similarly, the virus has been experimentally transmitted in the United States using the soft tick O. coriaceus (Groocock et al, 1980), and these authors suggest that most soft ticks of the genus Ornithodoros are capable of acting as vectors for ASF virus.

Once established in domestic pigs, ASF virus is spread rapidly through the naso-pharyngeal excretions of affected animals. Secretions become infective at the onset of viraemia and clinical signs, and remain infective throughout clinical illness (Radostits et al, 1994). Faeces is the environmental contaminant most likely to spread the disease, although the virus is present in high titres in blood and the role of open wounds and fighting is considered to be important. Recovered animals may remain persistently infected and shed the disease indefinitely in faeces, blood and oro-nasal secretions (Radostits et al, 1994).

Aside from the introduction of infected ticks or individual animals, the disease may be transmitted to new sites through the feeding of swill containing scraps of infected pig meat. As discussed earlier, ASF virus is relatively resistant to temperature extremes and to the pH changes that accompany rigor mortis. Given this, it is not surprising that outbreaks have been linked in review articles to the feeding of infected pig meat sourced from countries in which the disease is endemic (Fenner et al, 1987; Blaha 1989; Pensaert 1989; Radostits et al 1994). In reports of original research, Botija (1962) described the role of the feeding of imported contaminated meat scraps to pigs, in the introduction of ASF into Portugal from the Portuguese African territories, and its subsequent spread to Spain. 

In studies of the survivability of ASF virus in chilled or frozen pork the virus persisted in muscle tissue for 150 days at 4°C and for 104 days at –4°C, and in bone marrow for 188 days at –4°C. African swine fever virus was inactivated in hams by retort cooking to an internal temperature of 69°C (McKercher et al, 1978; McKercher et al, 1980). African swine fever virus was not detected in cured meat products (smoked salami and peperoni sausages) after 30 days of curing (McKercher et al, 1978). These authors concluded that salami and peperoni would be unlikely to carry ASF since their traditional curing periods exceed 30 days. However, the procedure described by these authors indicates that the processing of peperoni (from slaughter to completion of drying) takes approximately 22 days. 

In a joint US-Italian project (McKercher et al, 1987), hams produced using the ‘Prosciutto de Parma’ (Parma ham) process were negative on culture for ASF virus at 300 days (Italian study) and 399 days (US study). In the US study, the loss of infectivity occurred between 291 and 399 days. The authors concluded that ASF virus is inactivated by this commercial curing process. Mebus et al (1993) found serrano hams and Iberian hams and shoulder hams were free of viable ASF virus by day 140 of curing, – all within the standardised serrano and Iberian curing periods. Iberian loin hams were found to be free of ASF virus by day 112 of curing, with a commercial curing period of 90 to 130 days. Finally, McVicar et al (1982) showed that ASF virus could be inactivated in infected muscle tissue using 20 kilograys of ionising gamma radiation.

5.6 Classical swine fever virus

Aetiology

Classical swine fever (CSF), also called “hog cholera” or “swine fever”, is an highly contagious and generalised viral disease caused by a porcine pestivirus of the family Flaviviridae.

Agent characteristics

There is a single serotype of CSF virus although strains vary considerably in virulence and antigenicity.

Classical swine fever virus is heat labile, being inactivated when raised to 60°C for 10 minutes or to 56°C for 30 minutes. There is no change in titre when kept at 4°C, -30°C or –80°C for 180 days (Harkness, 1985). The virus is stable within a pH range of 3-13 (Blaha, 1989).

World distribution

Classical swine fever has been eradicated from much of western Europe (where vaccination is no longer permitted), although occasional sporadic outbreaks contained by slaughter and movement controls still occur. Persistent foci of infection remain in Germany and some eastern European countries. Classical swine fever is also present on the Italian mainland and on the island of Sardinia, in East and Central Africa, the Indian subcontinent, China, East and South-East Asia, regions of Mexico and most other countries in Central America, and throughout most of South America. Outbreaks of CSF occurred in France in 1993, in Belgium in 1994. There was an outbreak in the Netherlands in 1997, which has since been eradicated. Most recently, the disease was confirmed in the East Anglia region of Great Britain in August 2000. Classical swine fever is not present in Australia or New Zealand.

Disease characteristics

Host species: Domestic pigs and wild boar are the only natural hosts for CSF virus.

Pathogenesis: The tonsil is the primary site of virus invasion following oral exposure. Primary multiplication occurs in the tonsil within hours of invasion. The virus is subsequently transferred through lymphatics and capillaries, resulting in viraemia at approximately 24 hours post infection (Radostits et al, 1994). At this time, the virus can be found in the spleen, peripheral lymph nodes, bone marrow and Peyer’s patches. The virus exerts its cytopathic effect on endothelial cells, lymphoreticular cells and macrophages, and epithelial cells. The generalised insult to the vascular system results in widespread congestion, arteriolar thrombosis, haemorrhage and infarction, with the most severe lesions found in the lymph nodes, spleen, kidneys and gastrointestinal tract. A leukopaenia is common in the early stages of the disease, followed by anaemia and thrombocytosis. In many cases secondary bacterial infection occurs and plays a role in the development of lesions and clinical signs (Radostits et al, 1994).

Transmission: The most important route of natural transmission appears to be oral and nasal secretions (Ressang, 1973), and the disease is commonly spread within a herd or population by the movement of viraemic animals. This is especially common for strains of low virulence (Dahle and Liess, 1992). Evidence may exist for the transmission of CSF via insect vectors. Epidemiological studies reported by Reuss (1959) and cited by Dahle and Liess (1992) suggest that insect vectors may transmit CSF virus by contact with eyes or open wounds, and this mechanism may exist in the field. In areas of high pig density, the transmission of CSF virus between herds by veterinary instruments, vehicles, infected clothing, etc, is important (Dahle and Liess, 1992; Radostits et al, 1994). Dahle and Liess (1992) state that following the 1971-1974 German outbreak of CSF, authorities concluded that iatrogenic transmission was responsible for the infection of at least 19 districts and 38 holdings.

Pork and pork products are also important in the transmission of CSF and most reviews cite the feeding of infected meat scraps as a cause of outbreaks worldwide (Helwig and Keast, 1966; Blackwell, 1984; Timoney et al, 1988; Blaha, 1989; Radostits et al, 1994; Geering et al, 1995). Indeed, Blaha (1989) maintains that more than two thirds of CSF outbreaks may be linked to feeding pigs infected meats scraps present in human garbage. Wood et al (1988) studied the titres of CSF virus in the tissues of experimentally inoculated pigs slaughtered between 7 and 25 days after infection. Pigs were orally infected with 106.5 TCID50/pig, while the titre of virus recovered from muscle and lymph nodes was 103.4 and 104.9 TCID50/gram, respectively. These authors concluded that only a few grams of infected tissue would be required to orally infect other pigs.

Blackwell (1984) states that CSF virus has a stability in carcass components similar to that of rinderpest virus, surviving in skin for 33 days and in muscle for 73 days, when stored at room temperature. McKercher et al (1980) found that CSF virus was inactivated by retort heating muscle, lymph node tissue and bone marrow to 65°C for 15 minutes. These results concur with those of Stewart et al (1979) who found that CSF was inactivated by heating to 71°C for 1 minute. In studies of the inactivation of CSF in blood, Torrey and Prather (1963) found that CSF virus in whole blood was inactivated after preheating at 60°C for 120 minutes, then heating to 68°C for 30 minutes, or preheating for 3 minutes then heating to 66°C for 60 minutes. When blood was defibrinated, heating for 30 minutes at 69°C inactivated CSF virus.

With regard to cured hams, Helwig and Keast (1966) found that uncooked ham remained infective for between 34 and 85 days, while cooked ham did not contain active virus. The particular preparation and cooking protocol adopted by these authors is described in their report. Likewise, McKercher et al (1978) found that hams from CSF-infected pigs were no longer infective after being heated to 69°C. In a joint US-Italian project (McKercher et al, 1987), hams produced using the ‘Prosciutto de Parma’ process were negative on culture for CSF virus at 189 days (Italian study) and 313 days for the US study (samples were not tested between 189 and 312 days). In other salted/dried products, CSF virus survived for 70 days in ham bone marrow and 90 days in ham muscle and fat (original paper in French – results as cited in Mebus et al, 1993). Alternatively, Iberian hams were shown to be free of CSF virus after 252 days of curing (curing time 365-730 days), Iberian shoulder hams after 140 days (curing time 240-420 days) Iberian loins by 126 days (curing time 90-130 days) and white serrano hams by 140 days (curing time 180-365 days) (Mebus et al, 1993). These authors recognised the differences in inactivation times for CSF virus between meat products cured by different processes and stated that the protective efficacy of each process should be considered.

Concerning sausage products, Helwig and Keast (1966) found that sausage casings held at 39°C and salted according to one commercial procedure remained infective for up to 86 days. Casings salted using another (commercial) procedure remained infective for 17 days. All three processing protocols adopted by these authors were described in their report. In another early study, Leresche (1956, results as cited in Torrey and Prather, 1963) showed that CSF virus could be inactivated by heating 29-31mm ‘Bratwurst’ to 80-82°C for 10 minutes, by smoking 22-33mm ‘Vienna’ at 80°C for 45 minutes and scalding at 80°C for 8 minutes, and by smoking 59-62mm ‘Lyonerwurst’ at 82-85°C for 50 minutes and scalding at 81-82°C for 45 minutes. Finally, McKercher et al (1978) showed that peperoni and Italian salamis prepared according to traditional protocols and from CSF-infected tissues were inactivated after 15 days of curing. This was less than the curing period for either product.

5.7 Aujeszky's disease virus

Aetiology

Aujeszky's disease (AD), or ‘pseudorabies’, is an highly contagious viral disease caused by porcine herpes virus 1. 

Agent characteristics

There is only one serotype of the AD virus, although strains vary in virulence

At 4oC, AD virus is stable between pH 5 and 9 (Donaldson et al, 1983b). Aujeszky's disease virus is rapidly inactivated when removed from a living host and warmed from 4-13oC, regardless of pH (Davies and Beran, 1981; Donaldson et al, 1983). Alternatively, it has been shown that AD virus retains infectivity in straw, feeding troughs and other fomites for more than ten days at 24°C, and for up to 46 days in ‘very cold conditions’ (Kluge et al, 1992; Geering et al, 1995). Aujeszky’s disease virus was reported by Wooley et al (1981) to survive for 96 hours at less than 20°C. Aujeszky's disease is rapidly inactivated by ultraviolet light.

World distribution

Aujeszky's disease occurs in most European countries, and in the United States, Mexico, Cuba, Brazil, Venezuela, South-East Asia and Samoa. Several of these countries are undergoing an AD eradication program. The North Island of New Zealand was regarded as infected although a recent submission has been made to the OIE for recognition of freedom. Aujeszky's disease is not present in Australia (Geering et al, 1995).
Disease characteristics

Host species: While AD affects all species of livestock and many species of birds (including domestic poultry), pigs and possibly rodents appear to be the only primary host. That is, while animals of other species may be infected, there is no evidence that they shed the virus or infect herd or flock mates (Pensaert, 1989). The only identified exception to this was a report of epidemiological evidence suggesting that farm cats may in some situations act as a reservoir for possible reintroduction of AD virus to pigs (Weigel et al, 1999).

Pathogenesis: Aujeszky’s disease virus enters susceptible hosts through abraded skin or via intact nasal mucosa. Infection via the nasal route is followed by a brief and ill-defined period of viraemia, with localisation and cytopathic activity in all visceral tissues. Primary multiplication is limited largely to the respiratory tract, leading ultimately to suppurative bronchopneumonia, and spread to the brain is thought to occur by way of the olfactory, glossopharyngeal or trigeminal nerves. Virus disappears from the brain by the eighth day after infection, coinciding with the appearance of neutralising antibodies. Where infection occurs through skin abrasions, the virus invades peripheral neural dendrytes and passes through them to cell bodies. Damage to, or destruction of peripheral nerves produces a pruritus in the effected dermatome(s). Likewise, as the virus ascends to and invades the central nervous system and, ultimately, the animal’s brain, its neuro-cytopathic effects lead to the symptoms of encephalomyelitis commonly associated with Aujeszky’s disease.

Transmission: As stated above pigs and, to a lesser degree, rats are considered the primary hosts for AD. Pigs provide the major reservoir of virus, both during the period of acute illness and as asymptomatic carriers which may shed the virus with stress or concurrent illness (Pensaert and Kluge, 1989). Rats may pass the virus on to dogs, and in Norway are thought to play a minor role in the infection of farm animals, including dogs and barn-housed ruminants (Thawley et al, 1980). The role of wild animals in the transmission of AD remains inconclusive (Kirkpatrick et al, 1980).

The transmission of AD occurs primarily through direct contact between infected animals, although it may also result from contaminated drinking water and feed. Infected fomites carried between farms on machinery have also been implicated. Air-borne aerosol transmission is considered to be feasible, and may have contributed to the between-farm spread of disease (Donaldson et al, 1983b). Donaldson et al (1983b) demonstrated that, under experimental conditions, dust-associated aerosol droplets from sneezing infected pigs transmitted the disease to susceptible pigs in adjacent stalls. Likewise, epidemiological data from an outbreak in Britain suggested that aerosol transmission may have occurred between properties separated by 2-9 km (Gloster et al, 1984). Similar data from an outbreak in Denmark suggested that the virus may have been introduced by aerosol spread from infected properties in an adjacent region of northern Germany (Christensen et al, 1990). Aujeszky’s disease virus may also be transmitted in-utero and in milk, commonly leading to a 100% piglet mortality rate (Radostits et al, 1994). While AD virus has been identified in the semen of infected animals (Wittman, 1989; Thacker et al, 1984), the significance of venereal transmission through latently infected boars remains uncertain (Hare, 1985).
The primary site of replication of AD virus is epithelium in the nasopharynx and tonsil followed by lymphatic spread to regional lymph nodes. The virus also spreads to the central nervous system. In order to demonstrate the decay of AD virus in muscle tissue, Durham et al (1980) had to inject high titres of virus directly into the hindquarter of a freshly killed pig. Accepting this, cases of AD in dogs, cats, farmed mink and ferrets, and wild rats have been attributed to the consumption of meat derived from infected swine (MacDiarmid, 1991). No indication is given as to whether the meat contained offal. Bears have been infected with AD after being fed a diet which included raw pigs’ heads (Banks et al, 1999). Outbreaks in pigs have also been attributed to their eating carcasses of rats dying from the disease (Blaha, 1989; Pensaert, 1989; Leman et al, 1981). 

MacDiarmid (1991) discusses an experiment conducted by Weyhe and Benndorf to determine the persistence of AD virus in the tissues of pigs infected artificially with AD virus. In latently infected pigs without clinical disease, virus was not detected in ‘carcass meat’ after storage at 1-2°C for 72 hours. However, AD virus could be recovered from the carcass muscle of clinically affected pigs, after storage for 30 days at 1-2°C. Durham et al (1980) found that AD virus was inactivated in muscle, lymph nodes and bone marrow from an artificially infected hindquarter stored for 35 days at –18°C.

5.8 Rabies virus

Aetiology

Rabies is an almost invariably fatal viral encephalitis caused by a virus belonging to the lyssavirus genus of the family Rhabdoviridae.

Agent characteristics

In addition to classical rabies viruses (which are now classified within serotype 1 of the group), the lyssavirus genus contains a number of antigenically-related viruses, some of which cause rabies-like disease in vertebrate animals. Cross-protection between the viruses is limited. 

Analysis of strains of rabies virus using monoclonal antibodies and selective nucleotide sequencing after amplification of genomic material by polymerase chain reaction (PCR) has highlighted comparatively stable strain variations. This is of considerable significance to epidemiological investigations since it enables identification of host-species adaptation and the geographical region from which viruses originated.

The virus responsible for rabies is comparatively fragile and does not retain infectivity for long outside the host. It is readily inactivated by lipid solvents (soap solutions, ether, chloroform, acetone), 45-75% ethanol, iodine preparations, quaternary ammonium compounds and ultraviolet light. 
World distribution

Rabies is present in most European countries, with the exception of the United Kingdom, Ireland, Portugal and parts of Scandinavia. Rabies is also prevalent in Africa, the Middle East, most of Asia, and in North, Central and South America. Other pig-producing countries free of rabies include Japan, Singapore, most of Malaysia, Australia, New Zealand, Papua New Guinea and the Pacific Islands.

Disease characteristics

Host species: Rabies affects all warm-blooded animals.

Pathogenesis: Primary virus multiplication occurs in striated muscle following deep introduction through the bite of an infected animal. Neuromuscular spindles are subsequently infected and this provides a site of entry to the peripheral nervous system. Once within the peripheral nervous system, virus moves passively along axons to the central nervous system, producing a progressive wave of neuronal dysfunction. The virus may also enter the peripheral nervous system through motor end plates in the olfactory system and, by this route, gain direct access to the olfactory bulb of the brain. 

Regardless of route of entry, the immune response at the early stage of the disease is minimal and there is a marked absence of both neutralising antibody and inflammatory infiltration. The time taken for the virus to migrate from the site of infection to the central nervous system is extremely variable and accounts for the marked variation in incubation period. The specific nature of central neurological signs is dictated by the specific region in the brain in which virus has localised. This itself is determined by both the route of infection, the specific strain of rabies virus and the dose of inoculum. Unless animals are destroyed or die as a result of manic behaviour, death usually results from respiratory paralysis.

Virus is disseminated from the central nervous system to the salivary glands along neural pathways. The virus is excreted in the saliva in 50-90% of cases, depending on the host species and the infecting strain, and may begin up to 7 days before the onset of clinical signs. At the same time, virus is also disseminated via neural pathways to other tissues including the lungs, kidneys, heart, facial skin and cornea. 

Transmission: The source of infection is always an infected animal, and the method of spread generally a bite wound or contamination of an existing wound with the saliva of an infected animal. Transmission between insectivorous bats also occurs through bite wounds although there is some evidence for local respiratory transmission. Bats are unique in that multiplication of the virus may occur in fatty tissues without spread to the peripheral nervous system. In this way, bats may act as asymptomatic carriers of the disease and provide a natural reservoir for infection. 
Rabies may also be transmitted through ingestion of contaminated carcasses or saliva (Afshar, 1979). No case of human rabies has been attributed to the ingestion of infected material (Acha and Szyfres, 1987), although it is known that animals can be vaccinated by administering oral vaccines in sausages (Timoney et al, 1988), and that laboratory animals can be infected via the oral route (Acha and Szyfres, 1987). Likewise, it is known that the virus may be disseminated to a range of tissues, including the adrenal glands, kidneys, heart muscle and intestinal wall. The virus has also been detected in the milk of rabid cows (Acha and Szyfres, 1987).

Rabies virus is fragile and heat labile. Given this, studies investigating the effect of common cooking/curing processes on the activity of rabies virus were not identified.

5.9 Bovine tuberculosis

Aetiology

Bovine tuberculosis is a chronic disease caused by Mycobacterium bovis.

Agent characteristics

There is a single strain of M. bovis.
World distribution

Bovine tuberculosis was distributed worldwide, although most European countries have achieved eradication. Australia is declared free of bovine tuberculosis. Endemic infection in New Zealand’s wildlife has hampered eradication in that country. 

Disease characteristics

Host species: Cattle are the principal hosts of M. bovis, although goats, swine, deer, humans, dogs, horses, cats, ferrets, hedgehogs, possums and a range of other species may also be infected with the organism. Birds do not become infected. 

Pathogenesis: Bovine tuberculosis spreads in the body in two distinct stages. The primary stage consists of lesions at the point of entry and draining lymph nodes. Lesions at the point of entry are common where the bacterium enters through either the respiratory or transcutaneous (via bite wounds) routes. In these situations, a visible primary focus develops within 8 days of infection. Calcification of the progressively necrotic focus commences at approximately 2 weeks and rapidly progresses to the pathognomonic tubercle, surrounded by granulation tissues and lymphocytes. Bacteria pass from the primary focus to a draining lymph node and produce similar lesions. Primary foci are less common when infection occurs through the ingestion of contaminated material. In this situation, the 'primary focus' may be a tonsillar or intestinal ulcer, although lesions still occur in the draining mesenteric lymph nodes.

Post-primary dissemination may take the form of acute miliary tuberculosis, discrete nodular lesions in various organs or chronic organ tuberculosis. Clinical signs will vary with the nature of primary and secondary lesions, but are generally complicated by an underlying toxaemia which causes weakness, debility and the eventual death of the infected animal.

Transmission: As described above, infection is generally through inhalation, ingestion or through bite wounds. Inhalational spread is limited to close contact, and is particularly important where animals are housed or sleep naturally together within a confined space. Infection via ingestion may occur through contaminated milk, or through contaminated feeds, feeders and water troughs. One characteristic of this mechanism is the need for a relatively large infective dose. Indeed, Francis (1973) showed that several million bacilli were required to orally infect calves, whereas as few as 5 bacilli were required to infect calves via the respiratory route. Given this, it is important also to note that tubercle bacilli are rarely isolated from the muscle of affected cattle or pigs. That is, while tuberculous animals may have bacteraemic episodes, these occur infrequently and involve small numbers of bacilli (MacDiarmid, 1991). Even animals dying from miliary tuberculosis have a muscle titre of less than 100-200 organisms per gram (Francis, 1973).

Mycobacterium bovis is destroyed readily by normal cooking (MacDiarmid, 1991; Geering et al, 1995). Indeed, the United States Department of Agriculture regulations state that meat from tuberculous cattle may be rendered safe for human consumption by cooking at 76.7oC for 30 minutes (Leman et al, 1981). Given this, studies describing the effect of specific commercial cooking or curing procedures on the activity of M. bovis were not identified.

5.10 Haemorrhagic septicaemia

Aetiology

Haemorrhagic septicaemia describes a form of acute pasteurellosis caused by Pasteurella multocida.

Agent characteristics

Strains of P. multocida that cause haemorrhagic septicaemia belong to serotypes B:2 or E:2, in the Carter–Heddlesten system of capsular and somatic antigen typing. These are also designated as serotypes 6:B and 6:E. respectively, in the now less commonly used Namioka–Carter classification system. Pasteurella multocida type B:2 is the major cause of haemorrhagic septicaemia throughout Asia, while P. multocida type E:2 is the major cause in much of Africa. There is an intermediate zone in north Africa where both types are prevalent.

World distribution

Haemorrhagic septicaemia occurs in southern and South-East Asia (where it is regarded as one of the most serious diseases of large ruminants), the Middle East, and most of Africa. The disease is also reported to occur occasionally in Europe, including parts of the former Soviet Union, and South and Central America. A small number of outbreaks have been reported in the United States, although these have been confined mainly to bison in national parks. While classical haemorrhagic septicaemia has never been reported in Australia, septicaemic pasteurellosis (a different serotype) was diagnosed in Australian pigs in 1992 and 1996.

Disease characteristics

Host species: Haemorrhagic septicaemia affects mainly cattle, buffalo and American bison. While the disease has also been observed in sheep, these reports have not been fully authenticated.

Pathogenesis: Following ingestion and infection via the gastrointestinal tract, clinical disease is characterised by an acute or peracute septicaemia, with onset of fever, profuse salivation, submucosal petechiation, severe depression and death in approximately 24 hours. The bacterium may localise in subcutaneous tissues, leading to swellings in the region of the throat, dewlap, brisket or perineum. Swellings may lead to severe dyspnoea. 

Haemorrhagic septicaemia occurs in outbreaks during periods of stress, the organism persisting during intervening periods on the tonsillar and nasopharyngeal mucosae of carrier animals. In herds associated with a history of this disease, up to 45% of animals may be carriers.

Transmission: Spread of the disease occurs by the ingestion of contaminated feedstuffs or water. It is possible that haemorrhagic septicaemia is transmitted by ticks and biting insects (Bain, 1982). Feedstuffs are typically contaminated by the saliva of infected animals, whether clinically ill or clinically normal carriers. Studies investigating the potential for meat to act as a vehicle for the transmission of haemorrhagic septicaemia were not identified.

5.11 Japanese encephalitis virus

Aetiology

Japanese encephalitis virus is a member of the flavivirus genus of the family Togaviridae. It is also a member of the West Nile antigenic complex and, as such, is serologically related to West Nile, St Louis encephalitis, Kunjin and Murray Valley encephalitis viruses. Japanese encephalitis virus can be differentiated from these viruses by serum neutralisation tests. 

Agent characteristics

There is considerable variation in antigenic composition and virulence between strains of JE virus isolated and described in experimental studies. Given this, strain variation does not appear to be a consideration with regard to the epidemiology of this disease.
World distribution

Japanese encephalitis is widespread in eastern Asia, and extends eastwards to Papua New Guinea and the Torres Strait. It is considered to be an emerging virus in the Australasian region. In 1998, virus activity was detected on the mainland near Bamaga on the tip of Cape York and at the mouth of the Mitchell River on the Western side of Cape York. Enhanced surveillance in Northern mainland Australia during 1999 did not detect any evidence of JE virus.

Disease characteristics

Host species: Japanese encephalitis is a mosquito-borne disease whose natural host and reservoir species are water birds (herons and egrets). Pigs may also be clinically affected and are considered to be spillover hosts and important amplifiers of the disease. Infection in humans and horses may cause severe and often fatal encephalitis, although these species are considered incidental and dead-end hosts. Inapparent infections, and occasional clinical cases, occur in cattle, sheep, goats and a range of other species including dogs, cats, rodents, bats, snakes and frogs (Geering et al, 1995). 

Transmission: Transmission is effected by the subcutaneous injection of whole blood from a clinically affected animal. In the northern temperate areas of Asia, the principal vector is Culex tritaeniorhynchus, a mosquito that breeds in rice paddies, fish ponds and ditches. Infection accumulates in water birds (principally the black-crowned night heron) in early spring, in pigs in late spring and early summer, and then spills over to humans and horses in late summer and early autumn. Pigs are largely asymptomatic, although abortions, stillbirths or weak newborn piglets may occur in infected sows. Horses show a range of syndromes including fever and neurological signs. The mortality rate in horses is generally about 5% (Geering et al, 1995).

There is no evidence for the oral transmission of Japanese encephalitis. Given this, studies examining the transmission of this disease via contaminated pig meat were not identified.

5.12 Surra

Aetiology
Surra is caused by Trypanosoma evansi. It is a small actively motile trypanosome which multiplies by binary fission. Trypanosoma evansi is found in the blood in acute stages of the disease, but disappears rapidly after the death of the host.

Agent Characteristics
Trypanosoma evansi is thought to have evolved from the tsetse transmitted T. brucei which infected camels moving into the tsetse belt and then spread into north Africa and the Middle East, where transmission was enabled by biting flies. There is evidence that T. evansi is of limited antigenic diversity, stocks of trypanosomes from Sudan and Indonesia belong only to a small number of antigenic groups (Luckins, 1999).

World distribution
Surra is present in northern Africa, east Africa, the Middle East, the Indian sub-continent, in some countries belonging to the former Soviet Union, China, South-East Asia and South America. Surra is not present in Australia or New Zealand.

Disease characteristics
Host species: Surra has a wide host spectrum. The disease is most severe in horses, donkeys, mule, deer, camels, llamas, dogs and cats but also occurs in cattle and buffaloes. In sheep, goats, pigs and elephants it occurs occasionally as a chronic, mild or subclinical disease (Geering et al, 1995). Camels, cattle and buffalo are the putative reservoir hosts.

Pathogenesis: Surra may be acute, subacute or chronic. There are few reports of infection in pigs and clinical signs can vary from none to death. In piglets rapid emaciation, frequent coughing and diarrhoea may be seen with adult pigs showing high temperatures, emaciation, dullness or excitation, panting, high pulse rate, itching and redness of the abdominal skin (Gill et al, 1987). Abortion has been reported (Arunasalam et al, 1995). Intermittent fever may be the only clinical sign of infection in adult pigs (Srivastava and Ahluwalia, 1972). In one experimental study pigs infected with T. evansi did not show any visual signs of disease (Reid et al, 1999).

Srivastava and Ahluwalia (1972) reported that the incubation period for pigs was between 24 and 30 days. Trypanosomes are intermittently found in the blood (Reid et al, 1999). Blood of pigs infected experimentally has been infective to guinea pigs when collected 2 months following infection (Stephens, 1986).

Transmission: Trypanosoma evansi is transmitted mechanically by biting flies including Tabanus spp., Chrysops spp., Haematopa spp. and Stomoxys spp.. Stomoxys spp. is a less effective transmitter of infection than Tabanus spp. but is important in situations where animals are stabled closely and large numbers of flies are present. Transmission occurs when the fly feeds on an animal with a high parasitaemia, the feeding is interrupted and then recommenced on a new host soon afterwards (Luckins, 1999). The probability of transmission declines from 0.05 within 5 minutes of an infective feed to 0.001 within 6 hours (Luckins, 1999). In South America vampire bats have also been incriminated in transmission of the parasite (Geering et al, 1995). Wiesenhütter (1975) indicated that surra occurred in dogs following ingestion of meat from infected cattle and wild pigs, however, the dogs were not maintained in insect premises so mechanical transmission can not be excluded. 

5.13 Eastern, Western and Venezuelan equine encephalomyelitis
Aetiology

Eastern, Western and Venezuelan equine encephalomyelitis (EEE, WEE and VEE, respectively) are arthropod-borne viral diseases produced by members of the Alphavirus genus of the family Togaviridae. The viruses are related antigenically to each other and to other members of the alphavirus genus, although may be differentiated by serum neutralisation tests.

Agent characteristics

These viruses contain a complex of antigenic subtypes and variant viruses, not all of which are pathogenic. For example, in the VEE complex, at least six antigenic subtypes (labeled I–VI) are recognised. Only three variants in subtype I (namely IA, IB and IC) are important causes of disease in horses and humans. Infection with these viruses is referred to as epidemic VEE. The other viruses in the VEE complex are regarded as causing sylvatic or endemic infection (Geering et al, 1995).

World distribution

Eastern equine encephalomyelitis: EEE is present in the eastern half of the United States, principally in the Atlantic seaboard and Gulf Coast States. It extends into southern Canada, eastern Mexico, Central America, the Caribbean and limited areas in Ecuador, Colombia, Venezuela, Guyana, Brazil and Argentina.

Western equine encephalomyelitis: WEE is the most widely distributed of the three viruses and is present in western United States, south-west Canada, Mexico, and in most of South America east of the Andes.

Venezuelan equine encephalomyelitis: Epidemic strains of VEE are present in the north of South America. Periodically, and for reasons as yet unexplained, the disease spreads north into Central America. A devastating VEE epidemic spread throughout Mexico and into southern Texas in 1969–71. Endemic or sylvatic strains of VEE virus are present in parts of Central and South America and in the Florida swamplands.

Disease characteristics

Host species: Horses (including donkeys and mules) and humans are the most important natural hosts for EEE, WEE and VEE. In humans, the case fatality rate is highest with EEE, followed by WEE and then VEE. Western equine encephalitis and EEE viruses have also caused mortalities in domestic fowl and farmed pheasants, quail, emus and ostriches in the United States. EEE and VEE have also very occasionally caused clinical encephalitis in pigs.

Transmission: The natural cycle of infection for EEE and WEE viruses is between birds and/or small mammals and mosquitoes. Small outbreaks or sporadic cases typically occur in humans and horses in late summer after hot and excessively rainy weather. Humans and horses generally do not develop a sufficiently high viraemia to re-infect mosquitoes and are therefore regarded as 'dead-end' hosts. 

The epidemiology of EEE is complex. In the eastern United States, the mosquito Culiseta melanura is the endemic vector for the virus and is also responsible for its spring-summer amplification. An endemic cycle between this mosquito and water birds in freshwater swamps is commonly reported. Bird movements, and notably those of the glossy ibis, carry the virus into other areas.

The principal transmission cycle for WEE virus is between the mosquito Culex tarsalis and common small birds such as sparrows, robins, finches, doves and blackbirds. A second cycle occurs in some areas between the Aedes melanimon mosquito and lagomorphs and rodents. Cases of WEE in humans and horses occur mainly in rural areas. In drier regions the disease usually occurs in the vicinity of irrigation systems. It has been postulated that amphibians and reptiles may have a role in overwintering of the virus (Geering et al, 1995). 

Epidemic strains of VEE virus exist in rainforests and coastal swamps of northern South America. The natural ecology of the virus is largely unknown, but there is some evidence of a cycle between culicine mosquitoes and forest rodents. Epidemics in horses and humans occur at irregular intervals of many years, although the triggering mechanism for these epidemics is unknown. Many mosquito species are implicated in the epidemic transmission of VEE and the virus may spread into relatively dry areas. Unlike the other viruses, VEE produces a high viraemia in infected horses and there is a direct horse-to-mosquito cycle during epidemics (Geering et al 1995). 

Endemic strains of VEE virus occur in many other areas and have been associated with disease in humans but not in domestic animals.

There is no evidence to suggest that EEE, WEE or VEE is transmitted orally. Given this, studies investigating transmission of these viruses via meat were not identified.

5.14 Enterovirus encephalomyelitis (Teschen disease)

Aetiology

The viruses that cause porcine polioencephalomyelitis (Teschen disease) belong to the enterovirus genus of the family Picornaviridae. 

Agent characteristics

Eleven serotypes of porcine enteroviruses (1–11) can cause encephalomyelitis, enteritis, pneumonia, reproductive failure or, most frequently, subclinical infections. Teschen disease virus belongs to serotype 1, which also includes less virulent strains that are not associated with severe disease.

Porcine enteroviruses are relatively stable to temperature extremes, and can survive between pH 2 and 9. Porcine enteroviruses are also relatively stable in the environment, surviving for more than 168 days at 15oC (Leman et al, 1986).

World distribution

Teschen disease is limited to central and eastern Europe and Madagasgar, although less virulent strains of porcine enterovirus (serotype 1) are thought to have a more global distribution. Teschen disease has never been reported in Australia, although mild cases of porcine encephalomyelitis have been observed. Porcine enterovirus serotypes 1, 2, 5 and 8 have been recovered in Australia.

Disease characteristics

Host species: Pigs are the only natural hosts for the enterovirus responsible for Teschen Disease.

Pathogenesis: Teschen disease virus is a gut inhabitant that causes a systemic infection and invades the central nervous system. It is highly contagious and can cause outbreaks with extremely high morbidity and mortality rates. The mortality rate varies from 70% to 90%. The virus multiplies initially in the tonsils, intestine (especially the large intestine) and the associated lymph nodes (Derbyshire, 1989). Infected pigs excrete virus in their faeces and oral secretions. Clinically recovered pigs may continue to excrete the virus in their faeces for up to seven weeks. The virus can survive in the environment for 3-4 weeks, and infection can be spread by direct or indirect contact. Swill feeding is also reported to be a means by which the virus may be spread. Other enterovirus infections can cause encephalomyelitis, pneumonia, enteritis and reproductive failure but most infections are subclinical (Geering et al, 1995). 

Transmission: The disease has been experimentally transmitted by ingestion, intranasal instillation and by intramuscular and intracerebral injection (Radostits et al, 1994). It is presumed that in natural outbreaks, ingestion and inhalation are the more important. When the disease first enters a herd the spread is rapid, and large volumes of virus are excreted in both faeces and expired air. Enteroviruses have been isolated from the male genital tract, however, insemination of gilts with contaminated semen did not affect fertility (Derbyshire, 1999). Likewise, piglets may be infected at birth or in-utero.

Epidemiological evidence (Leman et al, 1986) suggests that preventing the access of susceptible pigs to products of porcine origin derived from an area in which Teschen disease is endemic may assist in controlling the spread of the disease.

Reports of the stability or the inactivation of the Teschen disease enterovirus by common cooking and curing procedures were not identified.

5.15 Porcine brucellosis

Aetiology

Porcine brucellosis, an infectious bacterial disease caused by Brucella suis, is characterised by sterility and abortion in sows, heavy mortality in piglets and orchitis in boars.

Agent characteristics

There are 5 biotypes of B. suis.
The survival of B. suis in the environment is extremely variable depending on the conditions. Brucella suis is readily destroyed by pasteurisation, when exposed to direct sunlight for 2-4 hours and commonly used disinfectants. The optimum pH for growth of B. suis is between 6.6 and 7.4.
World distribution

Porcine brucellosis occurs in most countries where wild or domestic swine exist. Specifically, porcine brucellosis occurs in the USA and continental Europe but not in Canada, Great Britain, Germany, Ireland, the Netherlands or New Zealand. It has not been seen in Denmark since 1969. Biotypes 1 and 2 have been found in Australia (Buddle, 1985). In Australia, porcine brucellosis is a notifiable disease. The organism is found in feral pigs and domestic cattle in Queensland but has not been cultured from domestic pigs for many years. Movement restrictions are applied to pigs from infected areas in Australia. These require that pigs be tested for B. suis or originate from accredited free herds.

Disease characteristics

Host species: Swine are the most common hosts for biotypes 1 and 3. Biotype 2 occurs in hares as well as pigs; biotype 4 occurs in reindeer and caribou but is not pathogenic for swine and biotype 5 causes murine brucellosis only.

Pathogenesis: Systemic invasion follows infection with B. suis, with bacteria appearing in the bloodstream for up to 2 months. Bacteria subsequently localise in the uterus, cervical lymph nodes, bone marrow and joints and, in boars, the testes. 

Transmission: Within a piggery, ingestion and coitus commonly spread disease. The introduction of infected pigs or the use of contaminated semen may result in a piggery becoming infected. Wild animals, including hares and rats, are capable of transmitting the disease. 

Introductions of the disease have also resulted from the feeding of raw meat contaminated with B. suis (Radostits et al, 1994). Likewise, human cases of brucellosis have occurred as a result of people eating raw bone marrow or raw meat from reindeer or caribou infected with B. suis biotype 4 (Acha and Szyfres, 1987). Pigs have been infected following the consumption of contaminated hare carcasses (Blaha, 1989) and dogs have been infected by eating contaminated reindeer meat (Timoney et al, 1988).

Brucellae are resistant to freezing and have been shown to survive in refrigerated carcasses for up to 44 days, and in salted meat for 65 days at 20oC (Timoney et al, 1988). Brucella suis has also survived in spleen and lymph node tissue held in meat-curing brine at -44°C for 40 days. Acha and Szyfres (1987) state that brucellae are resistant to pickling and smoke curing and thus there is the possibility that meat products so prepared could cause human infection, however, this mode of transmission has never been verified.

5.16 Porcine reproductive and respiratory syndrome virus
Aetiology

Porcine reproductive and respiratory syndrome (PRRS) virus is a small, enveloped, single stranded RNA virus from the newly defined arterivirus group. This group, which also contains equine arteritis virus (EAV), simian haemorrhagic fever virus (SHFV) and lactate dehydrogenase-elevating virus of mice (LDV), is classified within the Togaviridae family.

Agent characteristics

In 1991, a causative agent for PRRS was isolated in the Netherlands and identified as Lelystad Virus (LV) (Wensvoort et al, 1991). The same year a similar virus was isolated in the United States (Collins et al, 1992). It was subsequently shown that PRRS virus existed as a number of distinct strains and that although the groups of strains from North America and Europe shared similar morphological and physico-chemical characteristics, they were antigenically distinct (Wensvoort et al, 1993). Some strains isolated in North America are closely related to the Lelystad virus and the use of modified live vaccines, based on American strains of PRRS virus, in Europe, has resulted in American strains occurring in Europe. Genetic differences between isolates have had a marked impact on serological diagnosis, and appear to be associated with variable disease syndromes (Meredith, 1992). 

The European strain of PRRS virus appears to be stable for at least 72 hours when chilled at 40C or frozen at -200C, although 93% of infectivity was lost after storage of the growth medium from infected cultures at 250C for a similar period (Alstine van et al, 1993). Similarly, American studies have indicated that the United States strain of PRRS virus is stable at -700C for at least 18 months and stable at 40C for at least 1 month, while viability is reduced by 50% after storage at 370C for 12 hours. Complete inactivation of the virus occurred within 48 hours at 370C and by 45 minutes at 560C (Benfield et al, 1992). In culture medium at pH 7.5 Bloemraad et al (1994) determined that the PRRS virus half-life was 140 hours at 40C, 20 hours at 210C, 3 hours at 370C and 6 minutes at 560C. Rapid alterations in pH decreased the half-life. Bloemraad and co-workers concluded that PRRS virus is most stable between pH values 5.5 and 6.5. These results concur with those of Benfield et al (1992) who found that virus infectivity was reduced by over 90% at a pH less than 5 or greater than 7.

World distribution

Following reports of a new disease syndrome in the United States and Canada, PRRS appeared in Munster, Germany, in June 1990 and subsequently spread throughout continental Europe and the United Kingdom. To date, PRRS has been identified in most Member States of the European Union, Canada, Malta, Russia, the Philippines, Korea, Taiwan and Japan. Countries that are reportedly free from PRRS include Australia, New Zealand, Norway, Finland, Sweden and Switzerland.

Disease characteristics

Host species: Porcine reproductive and respiratory syndrome occurs only in domestic, feral and wild porcines.

Pathogenesis: In herds that develop clinical signs of PRRS, the incubation period varies markedly but is typically 2-5 weeks from contact with infected animals to initial detection of sick pigs (Meredith, 1995). Where pigs are intensively housed and opportunities exist for effective aerosol spread, a high proportion of the herd will develop clinical signs within 2-3 days. Typically the herd will experience an acute disease episode lasting 1-3 months, followed by a gradual return to normal production (Meredith, 1995). 

Adult pigs: Naïve adult boars or sows initially exposed to PRRS virus will generally have antibodies detectable by indirect fluorescent antibody (IFA) or ELISA within 10 days post infection (Wensvoort, 1994). The disease is highly infectious and, within a susceptible herd, an average of 85% of exposed adults will sero-convert (Swenson et al, 1994). The vast majority of pigs appear to be immune to further expression of the disease after recovering from PRRS. A proportion of any herd, however, usually escapes infection and may succumb at a later date (Meredith, 1992). Antibodies may persist for an extended period and IFA positive results have been obtained more than 90 days following the cessation of clinical signs (Dee et al, 1994). Experimental studies indicated that clinically healthy animals may infect susceptible animals for prolonged periods, up to 99 days post infection (Albina et al, 1994; Dee et al, 1994). Stress or immunosuppression may play a role in inducing viraemia in pigs with neutralising antibodies and without clinical signs (Albina et al, 1994). These authors reported the seroconversion of SPF pigs placed in contact with non-viraemic, non-clinical, seropositive piglets that had been given exogenous corticosteroids and submitted to transport stress. PRRS virus has been isolated by oropharyngeal swab in one pig at 157 days post infection, in an experimental period of 213 days (Wills et al, 1995). Horter et al (2000) found that of 12 pigs inoculated with PRRS virus all were carriers at 63 days post inoculation and approximately 90% were carriers at 105 days.

Piglets: Piglets born from sows viraemic in late gestation may have antibodies to PRRS virus at birth (Albina et al, 1994). Piglets may also obtain maternal antibodies in colostrum or sero-convert following a challenge by PRRS virus in the farrowing room or nursery (Albina et al, 1994). Titres of maternal antibodies progressively decrease and may be absent at weaning, although titres subsequently rise where PRRS is endemic in the growing and fattening herds (Dee and Joo, 1994; Stevenson et al, 1994). In this situation, 80-100% of piglets will be positive on IFA by 8-9 weeks of age, although the sero-prevalence in finishing pigs (5-6 months) may vary from 25-50% (Dee and Joo, 1994).

Transmission: The rate at which PRRS virus is transmitted within a susceptible herd or population appears to vary with the viral strain and with the structure and density of pig producing enterprises in that region (Halbur et al, 1992), although in all scenarios, the primary vector in the transmission of PRRS virus is the infected pig (Dee et al, 1994). Transmission by direct contact has been demonstrated experimentally (Collins et al, 1992; Christianson et al, 1992) and in field observations in which the spread of PRRS virus by movement of infected stock into susceptible herds has produced epidemic disease (Dee, 1991). 

Aerosol transmission of PRRS virus, particularly in conditions of high humidity, low wind-speed and low ambient temperature, has been reported from both field observations and formal epidemiological investigations (Edwards et al, 1992; Mortenson and Madsen, 1992; Dee and Joo, 1994; Lager and Mengeling, 2000). 

The role of fomites in transmission of PRRS virus is not clear, although it is known that the virus is excreted in the urine and faeces of affected animals (Mortenson and Madsen, 1992; Yoon et al, 1993; Dee and Joo, 1994; Dee et al, 1994). Experimental transmission of PRRS virus by certain species of waterfowl has been reported (Zimmerman et al, 1997), although this has not been substantiated in either field observations or epidemiological studies. A survey of rats and mice collected from pig sheds during epidemic and endemic phases of PRRS has indicated that rodents are not a reservoir for the disease (Hooper et al, 1994).

Experimental and epidemiological evidence has indicated that viable and infective PRRS virus may also be shed in the semen of infected boars and has been found up to 92 days post infection (Meredith, 1992; Yaeger et al, 1993; Swenson et al, 1994; Christopher-Hennings et al, 1995). Porcine reproductive and respiratory virus may also be transmitted in-utero (Meredith, 1992). Terpstra et al (1992) detected evidence of transplacental infection in 6 out of 8 pregnant sows. Similarly, Christianson et al (1992) report evidence for transplacental infection by PRRS virus following intra-nasal inoculation of sows on days 45-50 of pregnancy.
The role of pig meat in the transmission of PRRS virus has been examined by several researchers. PRRS virus has been isolated from muscle of experimentally infected pigs and occasionally from slaughterhouse pork. In a study conducted by Bloemraad et al (1994), low levels of PRRS virus were recovered from muscle of experimentally infected viraemic pigs slaughtered 5 and 10 days post infection. PRRS virus was isolated from some samples of muscle 0 and 24 hours after slaughter (102.8 – 103.7 TCID50/g) but not in muscle specimens held at 4 ºC for 48 hours. Mengeling et al (1995) exposed 21 pigs to one of three PRRS virus strains, with one pig exposed to each virus strain euthenased on days 3, 7, 14, 22, 35, 49 and 70 post infection. Specimens were collected from intercostal muscles and muscles from shoulder, ham and loin and examined for virus. PRRS virus was isolated from only one pig, from the ham muscle, from a pig slaughtered 7 days post infection. Frey et al (1995) demonstrated PRRS virus (both European and American strains) in pooled samples of ham muscle and bone marrow in pigs slaughtered 6 days post infection. The pooled muscle bone marrow samples retained infectivity for several weeks when stored at 4 0C and at least one month when stored at –20 0C. Magar et al (1995) also found that PRRS virus was isolated in muscle samples collected 7 days post infection from 2 pigs, but not 14 days. Bloemraad et al (1994), Mengeling et al (1995) and Magar et al (1995) all suggested that low levels of PRRS virus detected in muscle were due to residual infected blood, not because the muscle cells were actively infected with the virus.

Several groups have investigated the presence of PRRS virus in commercially slaughtered pork. Frey et al (1995b) examined 1049 sample pools taken from 178 lots of fresh pork (40 000 lbs per lot) for PRRS virus, finding 6 of the sample pools positive for virus. The levels of virus in the positive samples were low, because most isolates were only obtained after multiple cell culture passage and reisolation was not always successful. In another study, Magar et al (1995) collected muscle samples from 44 abattoir pigs derived from seropositive herds. No virus was isolated and no viral antigens detected by immunogold silver staining. This same research group subsequently expanded the study examining by virus isolation 73 lots of frozen packaged pig meat, each composed of 6 pools of meat samples. Meat samples were also tested by reverse transcription - polymersase chain reaction (RT-PCR) (Larochelle and Magar, 1997). All samples were negative by both virus isolation and RT-PCR. For that reason the investigators concluded that pig meat does not retain detectable amounts of PRRS virus. A Danish study, “Survival of PRRS virus in Danish pork – Evaluation of risk of transmission to live animals” by A Botner, A Borgaard and A Olsen (publication sighted, 1998) examined 2343 muscle samples collected at slaughter from approximately 10 pigs each from 22 herds where PRRS virus was active up to 6 months previously. All samples were negative by virus isolation. PRRS virus has been recovered only occasionally from commercial pork, and levels of virus, when present, are low.

Notwithstanding the above studies, the PRRS technical working group assisting the risk analysis panel recommended that further research be undertaken. AQIS commissioned Lelystad ID-DLO, Netherlands to undertake research into the oral transmission of PRRS virus by feeding infected meat to pigs. Twenty-four eight week old pigs were infected by intranasal inoculation with either an European or American strain of PRRS virus (12 pigs per group). All of the pigs were viraemic 5 days post inoculation (serum virus titres 102.3 – 104.8TCID50/ml). The pigs were slaughtered 11 days post inoculation and the M. semimembranosus was assayed to determine PRRS viral titres. PRRS virus was detected in the M. semimembranosus from 7 of the 12 pigs infected with the European strain and from 5 of the 12 pigs infected with the American strain (103.3 – 104.3TCID50/g). The muscle was frozen until used in the feeding experiment. Muscle virus titres were determined prior to feeding. In most samples muscle virus titres decreased following freezing (below 101.8 to 103.8TCID50/g). 

Five hundred grams of raw semimembranosus muscle from each of the experimentally infected pigs was fed over a 2 day period (250 g/d) to each of two receiver pigs (48 receiver pigs). Sera were collected for virus isolation and antibody detection for 3 weeks post feeding. Oral transmission of the European and American strains of PRRS virus to receiver pigs via the feeding of meat was demonstrated. There was also evidence of horizontal transmission with sentinel pigs, in contact with the receiver pigs, becoming viraemic.

The results from above experiment will be considered by the risk analysis panel and the PRRS technical working group as part of the import risk analysis. The experiment raises several issues that may warrant further research.

5.17 Transmissible gastroenteritis virus

Aetiology

Transmissible gastroenteritis (TGE), an enteric viral disease producing high mortality in young piglets, is caused by a member of the family Coronaviridae.

Agent characteristics

While there is only one serotype of TGE-virus, porcine respiratory coronavirus (PRCV) is a deletion mutant and thus closely related. Canine coronavirus and the viral agent responsible for feline infectious peritonitis are also closely related to TGE and may cross-react serologically.

Transmissible gastroenteritis virus is stable when frozen at -20°C and can withstand a pH as low as 3 (Harada et al, 1968). Transmissible gastroenteritis virus is relatively heat labile, being rapidly inactivated at temperatures above 37°C (Blaha, 1989). 
World distribution

TGE is present in most of Europe, North, Central and South America, China, Japan, Korea and South-East Asia. It has never been reported in Australia.

Disease characteristics

Host species: Clinical disease occurs only in pigs, although dogs, cats and foxes are also susceptible to infection.

Pathogenesis: The TGE virus infects both the upper respiratory tract and intestine, although pathological changes are most severe in the gastrointestinal tract. The incubation period may be as short as 24 hours. With virulent virus, epithelial cells at all levels of the small intestine are infected with major lesions occurring at the proximal jejunum and, to a lesser extent, the ileum. Increased sensitivity of pigs less than 2 weeks of age may be due to the lower resistance of epithelial cells to enteric pathogens, and a reduced post-infection proliferative capacity.

Transmission: The exact means by which TGE virus is transmitted within infected herds remains unclear, although both faecal contamination and respiratory droplets are considered to be important (Forman, 1991). Likewise, TGE virus is shed in the milk of infected sows within 1 day of infection, and piglets infected by this means can shed the virus through faeces and respiratory droplets after a further 2 days. Virus shedding in the faeces of infected adult pigs usually ends at or within 3 weeks of recovery (Morin et al, 1974), although recovered pigs may harbour virus in pulmonary or intestinal tissue for more than 100 days. Pigs that become infected but do not develop clinical disease may also be important sources of virus (Saif and Bohl, 1986).

Transmissible gastroenteritis virus commonly spreads to new herds through the introduction of infected pigs (Radostits et al, 1994). The virus may also enter through birds acting as passive carriers of infected fomites (Pritchard, 1983) and can multiply in house flies (Musca domestica) (Gough and Jorgenson, 1983). Feral pigs do not appear to represent a significant reservoir of infection in the United States, although they may become infected and develop virus neutralising antibodies (Woods et al, 1990). Vehicles, clothing and other mechanical vectors may also be important means by which TGE virus gains entry to new herds (Pritchard, 1983). Finally, the introduction of feeds contaminated with TGE virus may also be of importance.

At the peak of viraemia some tissues, such as the kidney, may contain titres of TGE-virus higher than 106 TCID50/g (Blaha, 1989). To place this in perspective, piglets may be infected orally with a dose as low as 10-100 viral particles (Blaha, 1989). Australian experiments (Forman, 1991; Cook et al, 1991) demonstrated that tissues taken from infected pigs and fed to naive recipient pigs led to sero-conversion in all cases, and clinical disease in most. In one experiment (Forman, 1991), the tissues used were muscle, bone marrow and lymph nodes, while in the other (Cook et al, 1991) an homogenate of lymph nodes, tonsil and muscle was prepared. 

TGE-virus is relatively heat labile, being inactivated rapidly at temperatures above 37°C (Pensaert, 1989). It is stable when frozen and may survive for months if refrigerated at 4-5°C (Pensaert, 1989). TGE-virus is also relatively pH stable and is not inactivated by lactic fermentation of meat products or by the pH changes occurring in meat during rigor mortis (Blaha, 1989). Putrefaction is known to destroy the virus (Leman et al, 1986). Studies investigating the effect of common commercial cooking and/or curing processes on the inactivation of TGE virus were not identified.

5.18 Trichinellosis 
Aetiology

Trichinellosis is a helminth disease of mammals whose principal importance is as a zoonosis, associated with the eating of raw or improperly cooked infested meat. Trichinellosis is caused by the nematode parasite Trichinella spiralis. Adult worms are found in the small intestine of their host. 

Agent characteristics

Numerous subtypes of T. spiralis have been identified.

The resistance of encysted larvae to temperature and pH is discussed below (see Transmission).

World distribution

Trichinella spiralis is associated with temperate rather than tropical regions. It is present in North America, Argentina and Chile, northern and Eastern Europe and Spain, the former Soviet Union, Lebanon, Nepal, Thailand, Indonesia, Egypt, Kenya and the North Island of New Zealand.

Old calcified trichinellosis cysts have occasionally been found at autopsy in humans in Australia, although these have invariably been in people who have immigrated from, or visited, enzootic countries. There has also been one reported case of trichinellosis in an imported polar bear that was in permanent quarantine in a public zoo. However, there has never been any evidence of indigenous trichinellosis in humans or animals in Australia. For example in 1976 an Australia wide survey of domestic pigs was carried out with a total of 59 324 samples collected, all with negative results for T. spiralis. Moreover significant number of horses and game pigs are processed for export and tested with negative results. 

Trichinella pseudospiralis (non-encapsulated Trichinella larvae) has been identified in wild animals in Tasmania. Characteristics of the larval cysts and of the adults are different to T. spiralis. This species is not regarded as a public health risk and is not known to be present in production animals. Recently another non-encapsulated Trichinella species (Trichinella papuae) has been reported from a remote area of Papua New Guinea in 5 domestic pigs and 6 wild boars (Pozio et al, 1999).

Disease characteristics

Host species: All mammals are susceptible to trichinellosis, although infestation is most common in omnivores and carnivores. Of the livestock species, pigs are the main host followed by dogs and cats, although the incidence in horses is increasing. In wild animal species, infestations of bears, walruses, wild pigs, foxes, rats and mice are of the greatest epidemiological significance. Humans are quite susceptible.
Pathogenesis: The host ingests encysted larvae in muscle tissue. The larvae are liberated in the small intestines by proteolytic digestion and become sexually mature in 2–6 days. The mature parasites are intracellular, within the intestinal mucosa. Mating occurs within the intestinal mucosa and the males die soon afterwards. Females penetrate deeply into the glands of Lieberkühn and may live for about six weeks. Larvae, about 1500 per female, pass through the lymphatics into the bloodstream and finally into skeletal muscles where they encyst. They are most numerous in the blood 8–25 days after ingestion. Cysts form around the larvae within three months and begin to calcify in 6–9 months. The larvae may remain alive for as long as 11 years in cysts, but do not develop any further until the muscle is eaten by another host. 
Transmission: Infection is generally acquired by ingestion of raw or improperly cooked infected meat. Transplacental transmission of larvae also occurs in humans and mice, although not pigs. Pigs have traditionally been the most important source of human infection. The disease is commonly perpetuated in pig populations through the feeding of contaminated swill, or through contact with rodents. Given this, the incidence of infected pigs and pig herds has declined markedly with the introduction of modern intensive husbandry systems.

In a recent epidemiological study undertaken in the United States (Gamble, 1997), risk factors for infection of pig herds with trichinella were identified. In this study, the author found that exposure of pigs to wildlife, and to wildlife carcasses was significantly associated with infection. These authors concluded that both rodents and other small carnivores or omnivores (skunks, raccoons, opossums, etc), and the group of larger carnivores (foxes, bears, etc) may provide a reservoir of infection. Spillover from this sylvatic cycle into pig herds would then represent a chance event dictated by managerial practices and pig housing arrangements.

In recent years, outbreaks of human trichinellosis originating from horsemeat have occurred in some European countries. Horses are thought to become infected through eating chaff or milled rations that have been contaminated by rat or mouse carcasses. Likewise, hunters have become infected through eating contaminated bear or wild pig meat that has been improperly cooked.

Cooking is considered to be a reliable means by which Trichinae may be inactivated in meat products (MacDiarmid, 1991). Some of the cooking regimens that have been recommended include:

· Swill intended for pigs should be heated to 100°C for 30 minutes (Steele, 1982; Acha and Szyfres, 1987)

· Pig meat for human consumption should be roasted at 77 °C (Steele, 1982; Acha and Szyfres, 1987)

· Pig meat should be raised to 60 °C (Steele, 1982; Geering et al, 1995).
Unlike many other pathogens, freezing meat or meat products will inactivate non-arctic strains of T. spiralis. The following regimens have been described:

· -15°C for 20 days (Steele, 1982; Acha and Szyfres, 1987)

· -23 °C for 10 days (Steele, 1982)

· -25 °C for 20 days, if muscle portion more than 15cm thick (Acha and Szyfres, 1987)

· -25 °C for 10 days if muscle portion less than 15cm think (Acha and Szyfres, 1987)

· -30 °C for 6 days (Steele, 1982; Acha and Szyfres, 1987)

· -35 °C for 40 minutes (Steele, 1982).

T. spiralis infesting arctic animals can withstand lower temperatures. These strains do not, however, infest pigs.

5.19 Cysticercosis

Aetiology

Cysticercosis describes the disease syndrome arising from infestation with larval cysts (cysticerci) of the tapeworm Taenia solium.

Agent characteristics

Taenia solium has a single strain.
The resistance of larval cysts to temperature and pH is discussed below (see Transmission).
World distribution

Taenia solium is restricted principally to regions in central and southern Africa, Mexico, Central and South America and southern Asia. Taenia solium, and its larval stage C. cellulosae, exist at a very low prevalence in Muslim countries.

Disease characteristics

Host species: The larval stage of T. solium (Cysticercus cellulosae) is found in pigs, although human infections have also occurred.

Transmission: Humans infested with T. solium  pass gravid tapeworm segments in their faeces. Pigs are infected following exposure to human faeces – generally as a result of grazing close to improperly constructed rural septic systems. Humans become infested by ingesting raw or undercooked pork contaminated with cysticerci.
Viable cysticerci may survive in carcasses for up to 6 weeks (Blaha, 1989). Cysticerci are readily destroyed by freezing, or by storing at -10°C for 4 days (Blaha, 1989). Cysticerci may also be inactivated by cooking and to this end, the following regimens have been recommended:

· Heating to 45-50°C for 15 to 20 minutes ((Blaha, 1989)

· Heating to a core temperature of 90°C (WHO, 1979)

· Heating to 56°C for 5 minutes (Blaha, 1989).

Neither salting nor smoking is considered an effective method for inactivating cysticerci (Blaha, 1989).

5.20 Eperythrozoonosis
Aetiology

Eperythrozoonosis is caused by the rickettsial organism Eperythrozoon suis.

Agent characteristics

Eperythrozoon suis are round to oval rickettsial organisms with an average diameter of 0.2-2 μm that adhere to the outer erythrocyte membrane.

World distribution

Eperythrozoonosis is reportedly widespread being diagnosed in some countries in Europe, Africa, Asia South America and China and the United States of America. Eperythrozoonosis has not been reported in Australia.

Disease characteristics

Host species: Eperythrozoon suis has only been observed in domestic pigs. Other Eperythrozoon species have been identified in other animals.

Pathogenesis: Eperythrozoonosis causes an autoimmune haemolytic anaemia. After the organism adheres to the erythrocyte cell membrane, autoantibodies are produced as part of the defence mechanism attacking the erythrocytes of the infected animal (Heinritzi, 1999).

Transmission: Indirect transmission via lice is considered to be an important means of transmission and ectoparasite management is important for control of eperythrozoonosis (Heinritzi, 1992). Mechanical transmission occurred experimentally with Stomoxys calcitrans and Aedes aegypti, providing the flies and mosquitoes were transferred immediately from infected pigs to splenectomised pigs (Prullage et al, 1993). Transmission has been demonstrated experimentally via the oral uptake of infective blood or blood contaminated urine but not with ingestion of placenta (Heinritzi, 1992). No studies or reviews were identified in which E. suis was demonstrated in muscle tissue.

5.21 Nipah virus

Aetiology

Nipah virus is a very recently described paramyxovirus that is related to Hendra virus. It causes an influenza like disease in pigs.

Agent characteristics

Nipah virus is an enveloped RNA megamyxovirus, a genus within the paramyxovirus family of viruses. Nipah virus is related to but distinct from Hendra virus, the only other known megamyxovirus. Genetic characterisation has shown a variance between the viruses of about 20 %.

World distribution

Nipah virus is present in Malaysia. One Singapore abattoir worker died after slaughtering Malaysian pigs that were later shown to be infected with the disease and 10 other workers were infected. There was no further spread of the disease in Singapore (Chew et al, 2000).

Disease characteristics

Host species:  Pigs, dogs and humans were infected with the virus in Peninsular Malaysia. More than 100 people died of the Nipah virus. Serological evidence of infection was also found in cats, horses goats and bats.

Pathogenesis: In pigs, there appears to be a high rate of infection, but low morbidity and mortality rates. Clinical signs include mild to severe coughing, laboured breathing, convulsions and death. In a transmission experiment pigs parentally infected developed fever and nervous or respiratory signs 7 days post exposure whereas those infected orally developed a mild fever 12 days post exposure (Middleton et al, 1999).

The major organs affected are the lung and kidneys. Histologically there is a moderate to severe interstitial pneumonia. Generalised vasculitis with fibrinoid necrosis, haemorrhages and infiltration of mononuclear cells have been observed in the lung, kidney and brain tissues. Non-supperative meningitis with gliosis has also been noted in the brain. A high concentration of viral antigens has been demonstrated in the endothelium of the blood vessels particularly in the lung.

Transmission:  The mode of transmission between pigs within a farm is considered to be through direct contact of infected pigs’ excretory and secretory fluid such as pharyngeal and bronchial secretions, urine and saliva. Transmission studies in pigs at AAHL demonstrated that pigs were infected following exposure by the oral and parental routes and excretion of virus occurred via the oral-nasal routes. Moreover cats were infected by the oronasal route and virus was detected in urine and oral secretions. Serum neutralising antibody was detected in the surviving pigs and the surviving cat 14 days after challenge (Middleton et al, 1999).

As yet there does not appear to be any information available regarding virus titres in the muscle tissue of infected animals, nor the ability of the virus to withstand post mortem changes in muscle pH. In a summary statement on the 24 May 1999, the editor of Pro-MED provided the following comments (http://www.healthnet.org/programs/promed-hma/9905/msg00145.html);
“Bear in mind that it has not been proved that Nipah virus can be transmitted by eating muscle. It is thought that Nipah virus is passed from fruit bats to pigs through accidental consumption of excreta of bats roosting near piggeries, & by analogy, transmission from bats to humans most likely would occur from infectious blood or excreta into small wounds on the hands during butchering & preparation of the meat.”

5.22 Post-weaning multi-systemic wasting syndrome

Aetiology

Post-weaning multi-systemic wasting syndrome (PMWS) is a newly characterised, multi-factorial disease of pigs, in which a necessary factor is thought to be the presence of porcine circovirus type 2 (PCV2) (Ellis et al, 1998). Other important agents include porcine parvovirus and porcine reproductive and respiratory syndrome virus (Allan et al, 1999). PCV2 antigen has also been detected in association with erysipelas and porcine nephrotic syndrome (Drolet et al, 1999). 

Porcine circovirus was originally detected as a noncytopathogenic contaminant of porcine kidney (PK15) cell lines. The circovirus isolates associated with PMWS are significantly different from the porcine circovirus contaminant of the PK15 cell line. Allan et al (1998) suggested that nonpathogenic strains be designated type 1 PCV and strains associated with PMWS be designated type 2 porcine circoviruses.

World distribution

Post-weaning multi-systemic wasting syndrome has been diagnosed in Canada, the United States, France, Spain, Denmark, Northern Ireland, the Republic of Ireland, Germany and Japan.

Researchers at Murdoch University in Western Australia are currently conducting a study on porcine circovirus including the status of the Australian pig herd. Antibodies to porcine circovirus have been detected in Australian pigs together with PCR evidence of PCV1 and PCV2. Genetic sequencing indicates that the PCV2 isolate from one property is 97% homologous with Canadian and French strains of the virus.

Disease characteristics

Pathogenesis: Lymphoid tissues appear to be the primary target tissues for PCV2. High levels of PCV2 antigen/nucleic acid are found in lymphoid tissues and lungs of diseased pigs. Virus or viral antigen has also been found in the liver, kidney, pancreas and mucosa of the ileum (Clark, 1997).

Most cases of PMWS occur in young pigs post-weaning (Clark and Harding, 1998). One researcher has diagnosed PMWS in pigs up to 20 weeks of age in the USA although this was described as an unusual occurrence, with most affected pigs being less than 16 weeks of age (S Sorden, Iowa State University, pers comm). Antibodies to porcine circovirus have been detected in pig populations, in clinically healthy pigs, in most countries (Allan et al, 1998b).

Transmission: There is little data on the means of spread of PMWS. Approximately 10% of animals in an affected herd show signs of clinical disease, although occasionally losses of up to 50% in post-weaning pigs have been reported (Clark and Harding, 1997). This may indicate that the disease is generally not highly contagious or is not uniformly expressed when infection occurs.

Studdert (1993) groups PCV with two avian viruses, chicken anaemia virus and psittacine beak and feather disease virus, although the three viruses have some heterogeneity. The avian viruses are probably transmitted by respiratory and oral routes (Carter et al, 1995), and the same mechanisms are likely to occur with PCV. The detection of PCV in faeces by Tischer et al (1986) and the environmental stability of the virus (Allan et al, 1994) are compatible with a faecal‑oral transmission cycle. One author was able to transmit PMWS between pigs in cages 30 cm apart, indicative of aerosol spread (E Albina, CNEVA, Ploufragan, France pers comm). To date there is no evidence the disease may be spread via trade in pig meat.

5.23 Porcine epidemic diarrhoea virus

Aetiology

Porcine epidemic diarrhoea (PED) is a disease of similar clinical appearance to transmissible gastroenteritis, and caused by a related but antigenically distinct coronavirus.

Agent characteristics

There are no indications that separate serotypes of the PED coronavirus exist.

World distribution

Porcine epidemic diarrhoea virus has been detected in England, Germany, France, the Netherlands, Belgium, Switzerland, Bulgaria, China and Taiwan but not in Sweden, Northern Ireland, USA, or Hungary. A serological survey in the United States showed no evidence for the virus in four States. Porcine epidemic diarrhoea has not been reported in Australia.

Disease characteristics

Host species: Porcine epidemic diarrhoea occurs only in pigs.

Transmission: Available evidence suggests that PED virus is transmitted only through the faecal-oral route, and that the disease is spread via animal or human traffic (Pensaert, 1989). Epidemics of PED appear only to have been associated with the introduction of infected pigs into naive herds. No studies or reviews were identified in which PED virus was demonstrated in either muscle tissue or muscle vasculature.

5.24 Porcine respiratory coronavirus 

Aetiology

Porcine respiratory coronavirus (PRCV) is a deletion mutant of the TGE virus, and has characteristics similar to this agent. Despite this similarity, PRCV causes a respiratory infection and does not have a cytotopathic effect in the gastro-intestinal tract or tissue.

Porcine respiratory coronavirus and TGE virus cross react (Callebaut et al, 1988), although there is limited cross protection. Reports from the United Kingdom suggest that TGE infection may still occur in the presence of PRCV antibody (Pensaert, 1992; Paul et al, 1994; Paton and Brown, 1990).

Agent characteristics

There are no indications that separate serotypes of this coronavirus exist.

World distribution

Porcine respiratory coronavirus is widespread in Belgium, France, the Netherlands, Germany, Switzerland and the United Kingdom. Porcine respiratory coronavirus also occurs in countries free of transmissible gastroenteritis, such as Denmark and, less commonly, the USA. The serological status of the Australian pig herd with respect to PRCV is unknown.

Disease characteristics

Host species: Pigs are the only host for PRCV.

Pathogenesis: Porcine respiratory coronavirus replicates in the respiratory tract and, to a lesser extent, the gastrointestinal tract.

Transmission: Porcine respiratory coronavirus appears to spread principally via an aerogenic route (Bohl and Pensaert, 1989), although it has been shown that direct injection of 105 or more TCID50 of virus directly into the lumen of the small intestine will produce the disease (Pensaert, 1989). 

5.25 Rubula virus (Mexican Blue eye disease)

Aetiology

Rubula, ‘Rubalo’, ‘blue eye disease’ or ‘Mexican blue eye disease’ is a disease of pigs characterised by central nervous system disorders, reproductive failure, neonatal mortality and corneal opacity. The Rubula virus is a member of the family Paramyxoviridae.

Agent characteristics

There are no indications that different serotypes of the rubula paramyxovirus exist.

World distribution

The disease has been reported only in Mexico, although many closely related paramyxoviruses of pigs have been reported elsewhere in the world (including Australia, Canada, Japan and Israel).

Disease characteristics

Host species: Pigs are the only known hosts for Rubula virus.

Transmission: Natural infection with Rubula is acquired by inhalation. Affected tissues include the central nervous system, lungs, eyes, bladder, kidney, testes and epididymis. Primary muscle lesions are not reported.

5.26 Salmonellosis 

Aetiology

More than 2000 serotypes of salmonella have been identified. Clinical disease in pigs is generally limited, however, to Salmonella choleraesuis and S. typhimurium (Wilcock, 1986). The remaining discussion is focused on S. typhimurium, phage type DT 104. This newly emerged and exotic strain of the ubiquitous S. typhimurium is notable for multiple drug resistance and zoonotic potential. In the United Kingdom, this strain is responsible for twice the hospitalisation rate of any other salmonella, and 10 times the human case fatality rate (WHO Fact Sheet No 139, 1997). 

Agent characteristics

Members of the genus Salmonella are a morphologically and biochemically homogenous group of gram-negative, motile, facultatively anaerobic bacilli. Salmonellae are considered to be hardy and ubiquitous pathogens. They multiply at 7-45OC, survive freezing and desiccation well and persist for years in suitable organic substrates (Wilcock, 1986). Salmonella typhimurium can remain viable for up to 7 months in soil, water, faeces or on pasture (Geering et al, 1995). Salmonellae are rapidly inactivated by heat and sunlight, do not sporulate and are destroyed by common phenolic, chlorine and iodine based disinfectants (Rubin and Weinstein, 1977).

World distribution

Salmonella typhimurium DT 104 first emerged in the United Kingdom in 1988 where it is now one of the commonest strains to be isolated from human cases of salmonellosis (WHO Fact Sheet No 139, 1997). Salmonella typhimurium DT 104 has also been identified in all continental European countries, where the incidence of human cases has increased in a similar manner to that in the EU
. This strain has also been isolated in the US and Middle-Eastern and South-East Asian countries, although its prevalence has not been clearly documented. Salmonella typhimurium DT 104 has not been isolated in Australia. 

Disease characteristics

Host species: Salmonella typhimurium DT 104 is not host specific.

Pathogenesis: The clinical and pathologic features of salmonellosis reflect a host:parasite interaction that can be influenced by serotype, virulence, natural and acquired resistance and route and size of infectious dose. The pathogenesis of diarrhoea typical of enteric salmonellosis and of later stages of salmonella septicaemia has traditionally been attributed to malabsorption and net fluid leakage from a necrotic and inflamed bowel. The systemic signs of and lesions of septicaemic salmonellosis are most commonly attributed to endotoxaemia from bacterial dissemination.

Transmission: The live pig is considered the principal means by which S. typhimurium spreads either between or within pig herds. Bacteria are shed in the faeces of clinically affected pigs or carrier pigs, particularly when stressed by movement, nutrition, overcrowding or concurrent disease (Wilcock, 1986). The faeces of rodents or birds are frequently cited by pig producers as a source of infection, although Newel and Williams (1971) reported that these species are generally infected by exposure to a contaminated piggery. Human outbreaks of S. typhimurium DT 104 have been linked to a broad range of infected foodstuffs, including pork and pork products (WHO Fact Sheet No 139, 1997). Human outbreaks have also been linked to contact with the faeces of infected animals EU (WHO Fact Sheet No 139, 1997). Studies investigating the transmission of S. typhimurium DT 104 among or within pig herds were not identified.

Salmonellae may persist on the surface of meats, but are killed at temperatures greater than 50OC (Jay et al, 1997). 

5.27 Swine influenza virus

Aetiology

Swine influenza (SI) is caused by type A influenza virus, although the isolation of influenza virus type C from pigs in China has also been reported. As with many viral respiratory diseases, SI is often complicated by concurrent or secondary bacterial infection.

Agent characteristics

Influenza viruses are further classified according to haemagglutinin (H) and neuraminidase (N) surface antigens. According to these criteria, SI is associated with the H1N1 and, more recently, H3N2 strains. An H1N2 influenza virus has recently been isolated from a pig in Indiana (Karasin et al, 2000).

World distribution

Swine influenza is not present in Australia or New Zealand, although it occurs in all other major pig-producing countries.

Disease characteristics

Host species: Pigs are the principal hosts of swine influenza virus, although there is increasing evidence for the transmission of some strains between avian and mammalian hosts. It is currently believed that SI virus was responsible for the 1918 pandemic of influenza in humans (Bachmann, 1989).

Transmission: Swine influenza is transmitted by close or direct contact between pigs. Nasal secretions of pigs have an high concentration of virus during the acute stages of the disease, and virus is transmitted by aerosols over a short distance. The disease is spread to new areas and farms by the movement of infected pigs (Leman et al, 1986; Geering et al, 1995). Swine influenza virus may also exist in a reservoir provided by lungworm, although this mechanism is not well understood (Easterday, 1992).

Climatic stress influences the expression of clinical disease. Outbreaks are seasonal, tending to occur in late autumn and early winter. Epidemics are often explosive, with outbreaks occurring on most pig farms in a locality over a short period. Virological and serological surveys have shown that swine influenza viruses circulate at a low level through pig populations at other times of the year without causing much overt disease (Geering et al, 1995).

Swine influenza virus does not produce viraemia and virus particles are not found outside the respiratory tract and associated lymph nodes (Bachmann, 1989).

5.28 Vesicular exanthema virus

Aetiology

Vesicular exanthema (VE) virus is a member of the family Caliciviridae. This family of RNA viruses includes the vesicular exanthema/San Miguel sea lion (SMSL) complex, the Norwalk virus (which causes diarrhoea in children), the feline caliciviruses, and the virus of rabbit haemorrhagic disease. The importance of VE virus stems primarily from its clinical similarity to foot and mouth disease.

Agent characteristics

Prior to 1973, all isolates in the vesicular exanthema/SMSL complex were from vesicular lesions of domestic pigs. Thirteen serotypes of vesicular exanthema virus were identified up to 1956, of which the earlier serotypes were the most virulent for pigs. In 1973, SMSL virus was isolated from Californian sea lions, and since then 12 serotypes of marine caliciviruses have been identified in pinnipeds, whales and fish. These viruses are closely related or identical to vesicular exanthema virus.

Vesicular exanthema virus is relatively resistant to inactivation. The virus retains infectivity in contaminated food scraps for as long as 2 years if refrigerated and for 6-7 weeks at room temperature (Leman et al, 1986). Mott and Patterson (1956) showed that VE virus is inactivated by raising it to 62°C for 60 minutes or 64°C for 15 minutes. Vesicular exanthema virus is also inactivated at a pH below 3 (Geering et al, 1995).

World distribution

Vesicular exanthema was first characterised in the United States in 1932, where it was associated with the swill feeding of carcasses from infected pinnipeds, fish or shellfish. Once established, the disease was spread by direct contact. It was eradicated from the USA in 1956. Vesicular exanthema was reported in Iceland in 1955, where it was associated with swill feeding at a US military base. Marine caliciviruses have since been identified along the Pacific seaboard of North America from southern California to Alaska.

Vesicular exanthema has not been reported in Australia.

Disease characteristics

Host species: Vesicular exanthema is believed to have occurred as a result of a cross-species spillover of marine calicivirus from marine mammals and fish. Pigs are the only terrestrial mammals in which the disease is characterised, although there is serological evidence of infection in donkeys, buffaloes, sheep and foxes in North America. Experimental infection of mink has also produced seroconversion.

Pathogenesis: Viraemia occurs between 24 and 48 hours after the ingestion of infected material, or following direct contact with an infected animal (Madin, 1989). Vesiculation occurs a further 48 hours after the onset of viraemia, as virus localises in the buccal mucosa and in the skin at and above the coronary band. Vesicular lesions are generally limited to non-haired regions of integument and to the tongue.

Transmission: Once the disease has entered a swine population, transmission is affected through infected live animals and contaminated pork (Radostits et al, 1994). Direct contact and environmental contamination provide for within herd transmission, while raw garbage is cited in review articles as the most common means by which new farms are infected (Madin, 1989). Infected pigs excrete virus in faeces and saliva during the 12 hours before vesicles develop and for 1-5 days following. Muscle tissue from pigs slaughtered during this period will also contain viral particles (Wilder and Dardiri, 1978). Patterson and Songer (1954) showed that pigs could be infected by feeding muscle tissue, lymph node, heart muscle, spleen, lung, liver, kidney, blood and crushed bone taken from infected pigs slaughtered during the period of viraemia. Outbreaks in American swine herds are believed to have resulted from the feeding of garbage containing pork and marine scraps.

In a series of feeding experiments, Mott et al (1953) showed that contaminated meat scraps remained infectious after storage at 7 °C for 4 weeks and at -70 °C for 18 weeks. 
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Annexes

ANNEX I: OIE International Animal Health Certificate Number 4 

tc "@n--@No. 4
Sanitary certificate for meat of domestic animals of the bovine, bubaline, equine, ovine, caprine or porcine species or of poultry" \l 6

xe "Animal health and sanitary certificates (model): Meat"Sanitary Certificate for meat of domestic animals of the bovine, bubaline, equine, ovine, caprine or porcine species or of poultry

Exporting country: 
@fuite@
Ministry of: 
@fuite@
Department: 
@fuite@
Province or District, etc.: 
@fuite@
I. Identification of the meat
Type of portions of meat: 
@fuite@
Type of package: 
@fuite@
Number of objects or packages: 
@fuite@
Net weight: 
@fuite@
II. Origin of the meat
*Address/es and number/s of veterinary approval of the abattoir/s: 
@fuite@
 
@fuite@
 
@fuite@
*Address/es and number/s of veterinary approval of the cutting-up establishment/s: 
@fuite@
 
@fuite@
III. Destination of the meat
The meat is being sent from 
@fuite@
(place of dispatch)
to 

@fuite@
(country and place of destination)
Nature and identification of means of transport: 
@fuite@
 
@fuite@
Name and address of exporter: 
@fuite@
 
@fuite@
Name and address of consignee: 
@fuite@
 
@fuite@
 
@fuite@
IV. Attestation of wholesomeness
The undersigned Official Veterinarian certifies that:
a)
the meat*, packages of meat* referred to above is/are stamped, thereby attesting that all the meat comes from animals or birds slaughtered in abattoirs;
b)
the meat is considered to be fit for human consumption;
c)
the meat was cut up in a cutting-up establishment;
d)
the meat satisfies the following requirements:**

Official stamp:

Issued at....................................
on ...................................

Name and address of Veterinarian
@fuite@
 
@fuite@
 
@fuite@
Signature: 
@fuite@
-----------------------------------------------------

*
Delete where not applicable.
**
These conditions are agreed between the Veterinary Services of the importing and exporting countries in accordance with the options provided in this Code.

ANNEX II: Relevant parts of Quarantine Proclamation 1998

Part 6: Animal quarantine

Division 2: Importation of animals, animal parts and animal products into Australia
39 seq subregulation\r0 \h

 SEQ paragraph \r0\h 
Importation of meat and meat products


(1 SEQ paragraph\r0 \h )
In this section:

meatError! Reference source not found. XE "meat (definition for s )" 
 means a part of an animal (other than a fish, a crustacean, a mollusc, a crustacean, a cnidarian, an echinoderm or a tunicate) that is intended or able to be used as food by a human being or an animal (whether or not cooked, dried or otherwise processed), and includes SEQ paragraph\r0\h :


(a SEQ subparagraph\r0 \h )
blood; and


(b SEQ subparagraph\r0 \h )
gelatin, bone meal, meat meal, tallow and fat.

meat productError! Reference source not found. XE "meat product" (definition for s )"
 means a product that contains meat, or of which meat is an ingredient.


(2 SEQ paragraph\r0 \h )
The importation into Australia of meat or a meat product is prohibited, other than a meat product that:


(a SEQ subparagraph\r0 \h )
is contained in a hermetically sealed container; and


(b SEQ subparagraph\r0 \h )
contains less than 5%, by weight, of meat; and


(c SEQ subparagraph\r0 \h )
does not require refrigeration to maintain its quality.


(3 SEQ paragraph\r0 \h )
However, subsection (2) is not taken to prohibit the importation by a person of a thing if:


(a SEQ subparagraph\r0 \h )
a Director of Quarantine has granted the person a permit to import the thing into Australia; and

Note   For what a Director of Quarantine must consider when deciding whether to grant such a permit, see Part 8


(b SEQ subparagraph\r0 \h )
when the thing is landed at a place in Australia:

(i SEQ subsubparagraph\r0 \h ) the permit or a copy is produced to an officer at the place; or

(ii)  SEQ subsubparagraph\r0 \h the details necessary to identify the permit are given to an officer electronically.

Part 8:  SEQ division\r0\h  SEQ division\r0 \h Administration
Do not delete : Division placeholder

Note   A reference to a Director of Quarantine includes a delegate—see the Quarantine Act, s 10B.

70 seq subregulation\r0 \h

 SEQ paragraph \r0\h 
Things a Director of Quarantine must take into account when deciding whether to grant a permit for importation into Australia


(1 SEQ paragraph\r0 \h )
In deciding whether to grant a permit to import a thing into Australia, a Director of Quarantine:


(a SEQ subparagraph\r0 \h )
must consider the quarantine risk if the permit were granted; and


(b SEQ subparagraph\r0 \h )
must consider whether, if the permit were granted, the imposition of conditions on it would be necessary, to limit the quarantine risk to a level that would be acceptably low; and


(c SEQ subparagraph\r0 \h )
may take into account anything else that he or she knows that is relevant.


(2 SEQ paragraph\r0 \h )
In this section:

quarantine risk means:


(a SEQ subparagraph\r0 \h )
the likelihood that, if the permit is granted, the importation will lead to the introduction, establishment or spread of a disease or a pest in Australia; and


(b SEQ subparagraph\r0 \h )
the likelihood that any such introduction, establishment or spread of a disease or pest will result in harm being caused to human beings, animals, plants, other aspects of the environment or economic activities as a result of the introduction, establishment or spread of the disease or pest; and


(c SEQ subparagraph\r0 \h )
the likely extent of any such harm.













� available at http://www.aqis.gov.au/


� available at http://www.aqis.gov.au/docs/qdu/riskmgmtoc.htm


� available at http://www.aqis.gov.au/docs/anpolicy/a99-026.htm


�  Available at � HYPERLINK "http://scaletext.law.gov.au/html/pasteact/0/71/top.htm" ��http://scaletext.law.gov.au/html/pasteact/0/71/top.htm�


�  Available at � HYPERLINK "http://scaleplus.law.gov.au/html/instruments/0/3/0/IN000020.htm" ��http://scaleplus.law.gov.au/html/instruments/0/3/0/IN000020.htm�


� available at http://www.prdc.com.au/


� WHO Fact Sheet No 139 (1997)
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