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Summary

This report provides an overview of recent research related to wildlife disease management
and preparedness in Australia. It includes a summary and brief critique of the projects funded
by the Wildlife Exotic Disease Preparedness Program (WEDPP) of the Australian Department
of Agriculture, Fisheries and Forestry, from 1999 to 2007. Results from a literature search for
Australian journal articles (1999-2007) related to disease preparedness are presented. Current
research on wildlife disease by the Invasive Animals Cooperative Research Centre (IA CRC) and
the Australian Biosecurity CRC is also outlined. A brief description of the major diseases of concern
to Australia, particularly those in which invasive animals are implicated, is also provided.

The aims and outcomes of this project are to:
. summarise WEDPP projects funded between 1999 and 2007

. provide information on other recent research related to diseases of concern in
Australian wildlife, including feral animals

. address the IA CRC’s milestone of collating and disseminating current information
on diseases, particularly with regards to invasive animals.

Overall it is clear that WEDPP has had useful input to a wide range of projects relevant to
disease preparedness in Australia. The projects have, however, been relatively small due to
constraints put on funding and duration of research. Some final reports are missing, and much
of the research has not been formally published or further evaluated. As such, the return on
investment is unclear. 3

WEDPP is well placed to seek research outcomes and implement them into preparedness policy.
The contribution made by WEDPP to disease preparedness in Australia could be significantly
enhanced by increased funding for larger projects and greater administrative support. It
would also benefit from increased evaluation and follow-up of research outcomes and report
recommendations to incorporate them into disease preparedness policy, training or further
research.

The published research briefly reviewed here covers a variety of areas, but the emphasis of
this report is on wildlife diseases in which invasive animals are indicated as carriers or hosts.
Disease management implications have not been included in many of the research articles.
Disease preparedness could be better served if researchers explained practical and generic
implications of their research, and if policy makers were made more aware of the importance
of such research.
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1. Introduction

1.1 Scope of this report

There are many significant infectious diseases of potential threat to the Australian environment,
economy and/or society. The growing rate of global trade; closer proximity of livestock, people
and wildlife; and other human interventions such as animal translocations for conservation
or recreation purposes continue to increase the potential for a serious disease outbreak in
Australia. Factors outside of human activities, such as climate change or natural disasters
present other real disease threats that need to be prepared for.

This report presents a summary of research related to wildlife disease preparedness in
Australia. The majority of the research described here is from project reports submitted to
the Wildlife Exotic Disease Preparedness Program (WEDPP) between 1999 and 2007. However,
Australian research formally published in international journals over the same period is also
briefly outlined. The aims of the report are to:

. summarise WEDPP-funded research, training and workshops

. provide information on other recent research related to diseases of concern in
Australian wildlife including feral animals

. address the IA CRC’s milestone of ‘collating and disseminating current information
on diseases, particularly with regards to invasive animals’.

Definitions: For the purpose of this report, ‘invasive animals’ include exotic feral pests and
overabundant native species. ‘Wildlife’ is defined here as any free-living animals, including
endemic and exotic species.

1.2 Background on the Wildlife Exotic Disease
Preparedness Program (WEDPP)

WEDPP is a joint program between the Australian Government’s Department of Agriculture,
Fisheries and Forestry (DAFF) and state/territory governments. WEDPP’s mission! is:

‘to improve Australia’s emergency animal disease preparedness through the development
of strategies to monitor, prevent, control or eradicate emergency diseases in wildlife and
feral animals that threaten Australia’s livestock industries.’

WEDPP was established in 1984, initially to develop survey and control techniques for feral pigs
in an exotic animal disease emergency. A large variety of projects on a range of native and exotic
animal species has been funded since then, including epidemiological studies, assessments of
control techniques, workshops, pest animal surveys, and development of diagnostic tools.
Recently, the focus has been on improving wildlife surveillance, particularly of feral pigs and
wild birds (the latter mainly for avian influenza).

The specific objectives of WEDPP are to:

. enhance and refine technologies for the surveillance, containment and control of
wildlife

1 taken from WEDPP website http://www.daff.gov.au/animal-plant-health/emergency/wildlife_and_exotic_disease_
preparedness_program (accessed Feb 2008)
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. develop a national team of competent personnel to perform control roles in an
emergency animal disease event, and promote the integration of personnel with
animal health and wildlife expertise

. assist development of Australia’s animal disease preparedness, particularly wildlife
strategies and Australian Veterinary Emergency Plan (AUSVETPLAN) procedures.

WEDPP is developing a website (see footnote 1, page 5), which to date lists its aims, and
projects funded 2003-2006. Only one project report is currently available to download from
this site. The remainder are filed as hard copies in the office of the Chief Veterinary Officer in
DAFF, Canberra City.

1.3 Diseases of concern to Australia

Many diseases of potential threat to the Australian environment, economy or society could be
introduced by invasive animals to wildlife, livestock or humans. Feral pigs are exotic pests of
particular concern with regards to spreading disease and as such have been a major focus of
disease preparedness research. An example of an overabundant native animal that may present
a significant disease risk is the flying fox, which can carry several zoonoses (eg Australian bat
lyssavirus and Hendra virus in Australia, and Nipah virus in Malaysia).

A list of diseases of concern to Australia was compiled for this report, primarily from AUSVETPLAN
disease strategies, the World Organisation for Animal Health’s (OIE) list of notifiable diseases,
and Australian Government’s threat abatement plans. A table outlining characteristics of these
diseases, their hosts, causative agents and occurrence in Australia is given in Appendix 1.

Most of the diseases listed in Appendix 1 affect animals of agricultural importance. Some
significant diseases that affect native species, and that invasive animals are implicated in, are
also included (eg hydatidosis, toxoplasmaosis, air sac mites). It is acknowledged that this is not
an exhaustive list, and many more diseases could be included (eg diseases carried by feral
birds; see http://globalbirdcontrol.com/bird-diseases.htm). A national list of notifiable animal
diseases in Australia is available on the DAFF website (http://www.daff.gov.au/animal-plant-
health/pests-diseases-weeds/animal/notifiable). A list of notifiable diseases more specifically
relating to wildlife in Australia is currently being developed by the Australian Wildlife Health
Network (R. Woods, pers. comm.).

Some examples of significant wildlife diseases with possible feral animal hosts have been
recently reviewed. They include:

. neuroangiostrongyliasis — neurological disease affecting marsupials and birds;
lungworm carried by rats (Spratt 2005)

. cryptococcosis — systemic fungal disease affecting a large range of native mammals,
birds and reptiles; fungus carried by cats, dogs, horses, goats (Krockenberger et
al 2005)

. sarcoptic mange — mange affecting wombats; parasitic mite carried by foxes and
dogs (Skerratt 2005)

. mucormycosis — fungal disease affecting frogs, platypus; soil fungus but also
present in cane toads (Speare et al 1994; Stewart and Munday 2005)

. hydatidosis — parasite affecting a range of Australian wildlife; tapeworm carried
by dogs and foxes (Jenkins 2006).

While some diseases can affect or be carried by multiple hosts (eg anthrax, surra, rabies,
foot-and-mouth disease), others have a much higher degree of host specificity. The specificity
and consequences of infection, the disease agent involved and potential transmission routes
influence management strategies for disease preparedness.
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2. Summaries of WEDPP project reports 1999 to 2007

Table 1 lists all the reports submitted to WEDPP between 1999 and 2007. Only final reports are
summarised in this chapter. Several projects that had submitted progress reports some years
ago had no final report available for review (see Table 1).

A shift in emphasis in WEDPP projects has occurred over the past eight years; from more
general activities (establishing a wildlife health network and registry, conducting general pest
surveys, and reviewing disease preparedness), to researching specific viruses in birds. Of the
38 projects listed, almost half (16) involve birds, particularly avian influenza in wild birds.
Three projects involve bats, and five projects involve pigs. The remainder involve the more
general activities mentioned above, and also bee mite and mosquito research.

A summary of the aims, methods, results and recommendations of each final report is included
in this chapter. Reports are listed under key topic areas: disease preparedness reviews, wildlife
health network development, pig projects, bird projects, and ‘other” WEDPP-funded projects.
Several reports are also included at the end of this section on workshops in which WEDPP
representative/s participated.

Table 1 Reports submitted to WEDPP between 1999 and 2007
Year Title Author/s Report type
1999 - 2000 Wildlife and exotic disease preparedness in Australia R. Henzell, Final
— Feral herbivores P. Caple,
G. Wilson 7
Wildlife and exotic disease preparedness in Australia G. Saunders Final
— Rabies
Development of a Wildlife Health Centre: Proceedings of a Author not stated Final
workshop 8-9 November 1999
Surveillance of mega- and microchiroptera in Northern H. Field Progress
and Western Australia for evidence of infection with (no final report
Australian bat lyssavirus, Hendra virus, Nipah virus, available)
menangle virus, Japanese encephalitits virus and
specified arboviruses
Aerial baiting of feral pigs (Sus scrofa) for the control P.J.S. Fleming, Final
of exotic disease in the semi-arid rangelands of NSW D. Choquenot,
R. J. Mason
Training in the use of Gen-Wed (generic models for S. McLeod, Final
wildlife and exotic disease) J.P. Druhan,
G. Saunders
Sentinel cattle, pigs and poultry for monitoring flavivirus L. F. Melville, Final
activity in the Northern Territory S. J. Walsh,
N. T. Hunt,
A. K. Broome
Veterinary conservation biology wildlife health and Author not stated Final
management in Australasia
2000 - 2001 The development of a Wildlife Health Network for the H. Bryant Final
Wildlife Exotic Disease Preparedness Program
Honeybee abatement using Ivermectin H. Lamb Progress
Australian Registry of Wildlife Pathology/Health K. Rose Progress
Valuing Australian wildlife — A basis for improving G. R. Wilson Proposal
resource allocation for wildlife management
Exercise ‘Wild Thing’ — Report and review Author not stated Final
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Year Title Author/s Report type
2001 - 2002 Honeybee abatement using Ivermectin H. Lamb Progress
Detection of Newcastle disease and other 1. Peroulis, Progress
haemagglutinating viruses amongst Victorian wild birds K. O'Riley
population
Establishment of an Australian Wildlife Health Network Author not stated Progress
Identification of the feeding behaviour of mosquitoes of J. Azuolas Progress
the Murray Darling Basin (no final report
available)
Surveillance of high-risk (non-bat) animal population for H. Field Progress
Australian bat lyssavirus (ABL) infection (no final report
available)
Investigation of the dynamics of Hendra virus infection H. Field Progress
and excretion in flying foxes (no final report
available)
Update key risk areas and examine representative risk G. Saunders Progress
areas of feral pig and goat densities in NSW to advance
preparedness in an exotic disease outbreak
The Development of an Australian Wildlife Health Network H. Bryant Final
- Part 2
Update key risk areas and examine representative risk G. Saunders, Final
areas of feral pig and goat densities in NSW to advance P. West,
preparedness in an exotic disease outbreak G. Jones
PLUS copy of Pest animal survey
2002 - 2003 Distribution and abundance of pest animals in the A. Woolnough Progress
agricultural region of Western Australia
Risk analysis of feral and wild animals as a component of S. McLeod, Progress
exotic and emergency disease preparedness planning P. West, (no final report
G. Saunders available)
Enhancing the Australian Registry of Wildlife Pathology K. Rose Final
2003 - 2004 A novel molecular-ecology approach to ascertaining S. Lapidge Progress
emigration/immigration and potential disease spread in
feral pigs
Distribution and abundance of pest animals in the A. Woolnough Progress
rangelands of Western Australia. Attachment: Pest animal
survey
2004 - 2005 Preliminary investigations for measuring animal contact A. Woolnough Progress
rates (no final report
available)
The feasibility of targeting surveillance for avian influenza J. Tracey, Progress
in wild birds G. Saunders,
S. McLeod,
B. Lukins
Feasibility of delivering oral liquid vaccines or S. Lapidge Progress
contraceptives to feral pigs
Development of rapid molecular surveillance tools for the S. Warner, Progress
detection of avian influenza virus within Victorian wild bird K. O'Reilly
populations
Pathogenicity of H5N1 strain of highly pathogenic avian L. Gleeson Progress
influenza virus in Australian native ducks (no final report
available)
Development of rapid molecular surveillance tools for the S. Warner, Final
detection of avian influenza virus within Victorian wild bird K. O'Riley
populations
The feasibility of targeting surveillance for avian influenza J. Tracey Final
in wild birds
Distribution and abundance of pest animals in Western A. Woolnough, Final

Australia

G. S. Gray,

T. J. Lowe,

W. E. Kirkpatrick,
K. Rose,

G. R. Martin
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Year Title Author/s Report type
2005 - 2006 Application of rapid diagnostic tests in the targeted S. Warner Progress
surveillance of avian influenza virus within Victorian wild
bird populations
Surveillance for avian influenza viruses in Tasmanian wild  C. Bell Final
bird populations
Avian influenza surveillance in Victorian wild birds and at- S.Warner, Progress
risk domestic poultry C. Ainsworth (no final report
available)
Avian influenza surveillance in wild waterfowl in SA C. Dickason Progress
Genetic structure of Australo-Indonesian waterbird D. Roshier, Final
populations J. T. Have,
T. Chesser
Development of cyanide bait for rapid disease sampling M. Gentle Progress
and surveillance of wild animals
Surveillance for avian influenza virus at Bolivar Lagoons, C. Dickason Final
SA
Application of rapid diagnostic tests in the targeted S. Warner Progress
surveillance of avian influenza virus within Victorian wild
bird populations
Application of rapid diagnostic tests to detect West Nile S. Warner, Final
antibodies and virus during surveillance of wild birds, J. Azuolas
mosquito populations and sentinel flocks
A cross-jurisdictional model for targeted surveillance of A. Gordon, Final
wild bird species in Queensland H. Field
Detecting avian influenza in wild birds in New South P. Kirkland, Final
Wales J. Tracey
Application of rapid diagnostic tests in the targeted S. Warner Final 9
surveillance of avian influenza virus within Victorian wild
bird populations
A novel molecular-ecology approach to ascertaining S. Lapidge Final
emigration / immigration and potential disease spread in P. Spencer,
feral pigs J. Hampton,
B. Cowled,
J. Scanlon
2007 Development of cyanide bait for rapid disease sampling M. Gentle Final
and surveillance of wild animals
Feasibility of delivering oral liquid vaccines or S. Lapidge Final
contraceptives to feral pigs
Not listed Workshop: ‘Decision support tools and the management P. Black Workshop
by WEDPP of feral pigs in an emergency animal disease event’ Nov summary and
but stored 2003 cd available
with other
reports Summarised
here
Avian influenza workshop March 2004 C. Bunn, Summarised
J. Mortier, here
B. Milne,
C. Moore
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2.1 Disease preparedness reviews

Wildlife and exotic disease preparedness in Australia — Feral herbivores
Henzell, R., Caple, P. and Wilson, G. (1999).

This 125-page report covers feral herbivores (donkeys, horses, buffalo, goats, deer, camels
and cattle) and the main exotic diseases they can carry or succumb to. The aims of the project
were to:

. collate and review results of WEDPP projects and other information on feral
herbivores relevant to wildlife and exotic disease preparedness

. review current Australian Veterinary Emergency Plan (AUSVETPLAN) national
disease strategies, and the operational procedures manuals on wild animal
control

. recommend research and development priorities and other activities to meet
deficiencies in wildlife and exotic disease preparedness with regards to feral
herbivores.

Diseases covered in the review had National Disease Strategies written at the time, and include
foot-and-mouth disease (FMD), bluetongue, rinderpest, screw-worm fly, capripox, lumpy
skin disease, African horse sickness, Rift Valley fever, vesicular stomatitis, swine vesicular
disease and vesicular exanthema. These diseases and the species of feral herbivore likely to
be epidemiologically involved are outlined.

Problems associated with feral herbivores in spreading disease are emphasised, particularly
that the animals are difficult to survey and contain, and that they are potentially highly mobile,
widespread and long-term hosts of infection. These features make effective control of herbivore
diseases extremely difficult. The likelihood of feral herbivores causing or exacerbating a disease
outbreak would depend on circumstances: which suite of species are involved, their abundance
and distribution (affecting contact rates and transmission), breeding status of the population,
domestic species present, where the outbreak occurs, season and weather conditions. Australia
has such a diversity, abundance and continuity of herbivores rarely seen overseas, so overseas
experience can only be used as guidance.

The report reviews the National Disease Strategies and the Operational Procedures Manuals:
Wild Animal Control. While the national strategies deal with diseases and broad principles for
their eradication, the control manuals deal with the survey, containment, surveillance and
destruction of wildlife species.

The report also gives a brief overview of the 18 WEDPP-funded herbivore projects from 1984-
1994. These include projects on: drafting training manuals and contingency plans; survey
and control exercises with donkeys (Western Australia), goats (South Australia), pigs, buffalo,
horses and cattle (all in Northern Territory); risk management of FMD (Tasmania); and a
review of NSW legislation. A significant number of other projects had no final report to review,
or their status was unclear.
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Gaps in outcomes and information are identified, and a large number of recommendations for
WEDPP’s future directions are given, summarised in the following list.

1. National Disease Strategies should:

. inform managers of behaviour of wildlife populations with regard to control
and containment difficulties (ie these populations are highly mobile, evasive,
unpredictable, and uncontainable, so can transmit or be reservoirs of disease, to
allow repeated outbreaks)

. provide guidance on wildlife control and containment emphasising uncertainties in
the epidemiological role of feral herbivores and wildlife

. pay more attention to the role of scavengers in spreading disease

. develop strategies to deal with wildlife (eg it may be timely and economical to
control or eliminate feral herbivores in high-risk areas rather than trying to do so
after a disease outbreak)

. be cross-referenced to wild animal control manuals.

2. Wild animal control manuals should:

. include a variety of control and containment techniques and the performance
targets achievable with those techniques (performance data should be obtained
from new research if not already available)

. include descriptions of uncommonly used wild animal techniques in more detail

. include sympatric species operations

11

. be restructured to deal with elements common to several species, with separate
manuals for species-specific matters.

3. Further research should be done into:
. distribution and movement of ferals and semi-ferals in high disease risk areas

. intra- and inter-specific contact between susceptible ferals and how this varies with
control operations, population density and breeding and environmental factors

. improvements to surveillance, containment and control techniques for wildlife, to
be effective against low-density populations and to allow dispersing animals to be
dealt with

. computer software for mathematical techniques likely to be used by control centre
wildlife biologists, to facilitate surveys of distribution, movement, abundance, etc

. factors and techniques that cause wild animals to disperse, to allow risk to be
more accurately assessed

. persistence of pathogens in carcasses.

4, A program to pre-emptively eradicate or control ferals and semi-ferals in high disease
risk areas should be established with interested parties.

5. Training for exotic disease preparedness should continue, particularly for key roles.

6. Regarding management of WEDPP, written contracts should be drawn up for all funded
projects to ensure funds result in useable products.
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Wildlife and exotic disease preparedness in Australia — Rabies

Saunders, G. (1999).

This 117-page report provides a review of the wildlife and exotic disease preparedness in
Australia with regards to rabies. The aims of the review were to:

. collate and review results of WEDPP projects and other information on rabies
relevant to wildlife and exotic disease preparedness

o review and draft amendments for the AUSVETPLAN National Disease Strategy on
Rabies, and the emergency operations manuals on wild canids and felids, bats,
and marsupials

. report on research and development priorities and other activities to meet
deficiencies in wildlife and exotic disease preparedness, particularly with regards
to rabies.

This comprehensive review is divided into three main sections: background information on
rabies, summary and recommendations for WEDPP research, and a review of AUSVETPLAN
manuals.

Rabies background: The review gives a general background on the occurrence and
epidemiology of rabies worldwide and available control methods (at the time of the report
the now widely-used recombinant vaccine for rabies was still being trialled). Sylvatic and
urban cycles of rabies are described, and implications for rabies in Australia are discussed.
Australia has widespread populations of known hosts of rabies — mainly foxes, wild dogs (and
dingoes), feral cats and bats. The report notes that the role that native Australian mammals
(particularly quolls, Tasmanian devils, native bats and possums) might play in a rabies outbreak
is undefined.

It was considered that the species of greatest concern to rabies contingency planning in
Australia are the red fox and dingo/wild dog. This disease could only be brought into Australia
via an infected animal in the incubative stage; most likely from smuggling or illegal landings
of an Asian dog. Although the risk of such an entry may be low, the potential for subsequently
establishing rabies in Australia would be high. If transmitted to a wild dog population, rabies
could then spread widely in Australia before being detected. Thus, strategies should be in
place to rapidly eliminate the disease at its point of introduction, most likely using population
reduction techniques. Vaccination should be investigated as an option, depending on the
circumstances of an outbreak.

Review of WEDPP: WEDPP projects funded in 1985-1992 were reviewed. They include projects
on possum baiting (to determine potential for a rabies vaccination program), a simulated
sylvatic rabies outbreak exercise, fox control exercises and evaluations (including baiting,
shooting, mock vaccinations, surveying, contact rates), a National Wildlife Rabies Workshop
and studies on stray dogs and urban foxes in Victoria. The majority of reports were on fox
research. A significant number of projects funded by WEDPP had not submitted final reports.

Since the overall risk of rabies being introduced to Australia was considered low, and its impact
on agricultural production considered minimal compared with other exotic animal diseases, it
was suggested that work related to rabies should receive a comparatively lower priority for
WEDPP funds. Any WEDPP-funded rabies projects should place emphasis on species other than
foxes (since most of the previous rabies-related projects have involved foxes).
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A large number of recommendations were provided for future WEDPP activities, summarised
in the list below.

Research and development
1. High priorities for research and development include:

. research into wildlife control and containment strategies for remote parts of
northern Australia (where rabies is most likely to occur), particularly for wild dogs
and dingoes

. further development of innovative, non-invasive disease-sampling procedures
o assessment of initiating wildlife vaccination campaigns for Australia

. modification of existing rabies models (developed in Europe and North America for
foxes), or development of new models for environmental conditions and species
(such as the dingo and feral cat) relevant to Australia

. documenting existing methodology for relative estimates of wildlife species
(particularly the carnivores).

2. The register of wildlife specialists should be updated, and individuals should be trained
in specific skills where the need is identified.

3. The potential need for control of native carnivorous marsupials (Dasyuroidea) should
be reviewed urgently.

4, Field exercises that evaluate wildlife control operations should continue to be encouraged
under WEDPP funding arrangements.

5. WEDPP should monitor the progress of research projects on the control of feral cats for
possible applications to exotic disease preparedness.

6. Education campaigns should be targeted at the parts of northern Australia at greatest
risk of rabies, involving shipping ports, local residents, tourist operators and resorts,
hunters, pest control personnel and others.

WEDPP funding and project administration

The report recommends that WEDPP:
. obtain outstanding WEDPP reports, including research failures
. collate and incorporate findings of reports into wildlife operations manuals
. referee project reports more broadly

. consider greater levels of funding, guaranteed for more than one year, for projects
aimed at identified knowledge gaps

. encourage applications for postgraduate scholarships to solve specifically identified
problems in exotic disease preparedness.

Review of AUSVETPLAN manuals: The highest priority identified was to rewrite the national
disease strategies and the wildlife operational manuals. More specific recommendations for
improving the AUSVETPLAN manuals are listed below.

1. The Rabies Disease Strategy should clearly explain that endemic rabies is primarily a
disease of domestic/stray dogs and wildlife, and should emphasise difficulties associated
with controlling rabies in wildlife.
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2. Welfare concerns for techniques outlined in wildlife operations manuals, such as
the poisoning of protected species, should be clarified in collaboration with relevant
agencies.

3. The wildlife operations manuals need to:
. convey the degree of difficulty associated with wildlife survey and control

. give more attention to rabies control in urban and suburban wildlife, since feral
cats, stray dogs, foxes and possibly possums constitute a risk

. be cross-referenced, laid out in a consistent format and linked with the relevant
disease strategies and register of wildlife specialists

. be updated with recent research and innovations (particularly global positioning
systems, manufactured baits, cyanide baiting techniques and information on
urban foxes)

. provide information on general biology and ecology of risk species

. contain an appendix with information common to all of the wildlife operations
manuals, such as techniques and resources used for a number of species.

4. Both the Rabies Disease Strategy and wildlife operations manuals should:

. acknowledge the option for using oral vaccines to control wildlife rabies in Australia
and provide consistent vaccination advice and methodology

. incorporate the ability of epidemiological models to predict the behaviour of a
disease such as rabies in wildlife populations (and their use should be identified as
a matter of training priority).

Note: There was a draft review of Feral Pigs and Exotic Disease Preparedness (Wilson, G. and
Choquenot, D. 1995), written at the same time as the above reviews on feral herbivores and rabies.
However, this draft was not published as a final WEDPP report and is not summarised here.

2.2 Wildlife Health Network development

Development of a Wildlife Health Centre — Proceedings of a workshop
8-9 November 1999

Author not stated (1999).

This workshop proceedings is the first report in a series of three on the development of a
national wildlife health network (see others below). The workshop acknowledged the need for a
national, coordinated approach to wildlife health, to better enable identification of and response
to emerging diseases, mass mortalities and other wildlife health issues. Over 60 representatives
from a wide variety of industries (including conservation and agriculture departments, zoos,
hunting industries, universities, pathologists) attended the workshop to discuss recent case
studies of significant wildlife disease, and to review existing national and regional wildlife
health organisations from other countries. A basic framework for an Australian network was
discussed, including aims, funding arrangements and structure. A steering committee was
appointed to create a funding proposal for the network, including a business plan.
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The development of plans for an Australian Wildlife Health Centre/Network
-Part1

Bryant, H. and Saunders, G. (2001).

This project conducted a feasibility study of establishing a national wildlife health network to
coordinate a response to wildlife disease issues. It included the following activities:

. reviewing existing wildlife disease preparedness arrangements in Australia and
overseas

. determining the scope of activities required to improve preparedness to deal with
wildlife disease in Australia

. examining possible organisational models for an Australian wildlife health network
and providing recommendations for the most appropriate structure and functions

. costing each option and investigating possible sources of funding for the various
options.

A wide range of stakeholders was consulted from agriculture, health and environment agencies
through workshops, a questionnaire and various other meetings. This consultation identified a lack
of wildlife disease preparedness, inadequate funding for investigations and diagnosis, inefficient
monitoring and surveillance operations, and poor management of diagnostic information. The
feasibility study concluded that there was a need to establish a national, coordinated response
to wildlife disease issues, through an Australian Wildlife Health Network.

It was recommended that this network coordinate information on disease incidents and 15
investigations, expertise, research, training and education activities (including AUSVETPLAN

revisions). It should strengthen existing collaborations. A business plan for a model network

was proposed, including the key elements of a host agency, a coordinator, a national database,

a website and a listserver.

The study established networks between stakeholders in Australia, including state and
Commonwealth agriculture, primary industry and health agencies, veterinarians, universities,
CSIRO, Animal Health Australia, museums, zoos, wildlife carer groups and animal welfare
associations. Several overseas centres for wildlife health were also included. The project also
established an electronic mailing list and a listserver.

Development of an Australian Wildlife Health Network
Bryant, H. (2002).

This project was a follow-on from ‘The development of plans for an Australian Wildlife Health
Centre/Network — Part 1’ project of 2001 (see above). It involved the coordination and actual
establishment of the Australian Wildlife Health Network (AWHN), to promote and facilitate
collaboration in the investigation and management of wildlife health. Targets completed
include:

. securing core funding for the AWHN from the business plan previously drafted

. selecting a host agency for the network (Zoological Parks Board of NSW and NSW
Agriculture)

. establishing the structure and appointment of a management committee to govern
the network

. developing a strategic plan for the network

Invasive Animals Cooperative Research




. managing the transition of the network to the host agency

. officially launching the network in August 2002.

The report comments that despite several previous reviews of WEDPP, priority issues and
activities have not been formally established, which is unusual for a Commonwealth program.
It also states that the 50:50 state: Commonwealth funding contributions for WEDPP preclude
applications from universities and other institutions. It recommends that future priorities of
emerging wildlife disease issues be considered jointly by the Commonwealth and the states
through the mechanisms of the Standing Committee on Agriculture and Resource Management
(SCARM).

An assessment of WEDPP for 1992-2002 was also conducted, with guidelines developed for
future funding proposals. These guidelines did not appear to be filed with the final report.

2.3 Projects on pigs

Aerial baiting of feral pigs (Sus scrofa) for the control of exotic disease in
the semi-arid rangelands of New South Wales

Fleming, P.J.S, Choquenot, D. and Mason, R.]. (2000).
Wildlife Research 27: 531-537.

Meat baits containing biomarker chemicals were distributed at various densities over three
different test sites to determine factors influencing bait uptake by feral pigs. A sample of pigs
in each area was shot and analysed for biomarker presence. Main findings of the study were:
. The maximum percentage of sampled pigs that had eaten baits varied from 31%

to 72% across the three sites.

. Bait uptake did not appear to be significantly different between pigs of different
age or gender.

. Seasonal foraging behaviour may have affected bait uptake.

. A large number of baits were taken by non-targets, particularly birds and foxes, so
an alternative toxin to 1080 may be required for aerially baiting pigs in Australia.

. The amount of bait hypothetically needed to eliminate a population of pigs was
estimated at 1577 baits per unit of pig density in two of the sites, and 1874 baits
per unit for the third site.

The authors conclude that aerial baiting could be a useful way of reducing or immunising feral
pig populations in the event of an outbreak of exotic disease such as FMD. However, different
threshold density values in the available predictive models, and a general lack of information
on FMD transmission by pigs overseas made it difficult to draw further conclusions.

Sentinel cattle, pigs and poultry for monitoring flavivirus activity in the
Northern territory

Melville, L. F.,, Walsh, S. J., Hunt, N.T. and Broome, A. K. (2000).

Kunjin, Murray Valley encephalitis (MVE) and Japanese encephalitis (JE) viruses are flaviviruses
belonging to the JE antigenic complex of the Flavivirus genus in the family Flaviviridae. This
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project describes results from monitoring for flavivirus activity in the Northern Territory using
sentinel cattle, pigs and poultry, between 1996 and 2000.

The cattle were located at six sites, and 20 animals were tested monthly for flavivirus activity,
as part of a national arbovirus (insect-bourne viruses) monitoring program. Pigs were located
at two of these sites; six of these animals were tested monthly for flavivirus activity. Sera from
cattle and pigs showing general flavivirus activity were subsequently screened with specific
tests for Kunjin, JE and MVE viruses. Sentinel poultry were located at seven sites in the
state; about 12 poultry from each site were tested monthly for general flavivirus activity. Sera
reacting to a flavivirus group ELISA (enzyme-linked immunosorbent assay) were subsequently
tested for MVE and Kunjin virus activity.

Sites tested included some locations near Darwin, some near Katherine (300 km south of
Darwin), and one site south of Alice Springs. The results showed that cattle, pigs and poultry
are all useful indicators of flavivirus activity, but vary in levels of sensitivity and persistence.

Cattle showed flavivirus seroconversion rates (5-45%) similar to chickens but lower than pigs.
Seroconversion in sentinel cattle occurred mainly in the wet season at most sites, except at
one site near Darwin with known high arbovirus activity, where seroconversions occurred at
low levels over most months. Cattle recorded titres to both MVE and Kunjin virus. These titres
tended not to persist in cattle, allowing for the detection of multiple flavivirus infections in a
population over time.

Seroconversions with sentinel poultry also occurred predominantly in the wet season, or in
years of above average rainfall in the arid zone near Alice Springs. Seroconversion rates varied
from 36-78%, dependent on the site studied. The advantage of using sentinel poultry is their
ease of handling in urban environments. A disadvantage is their requirement for specialised
housing in rural environments to prevent predation.

Pigs are the most sensitive indicators of flavivirus activity, making them the preferred sentinel
for monitoring marginal areas. 100% seroconversion was observed in one site and 60% at
the other (both near Darwin). Seroconversion occurred rapidly after pigs were introduced to
sites, and in most months. Because of this, replacement pigs would need to be introduced on a
regular basis to continue monitoring. High titres to MVE and Kunjin were observed, and these
persisted for months.

The report contains no recommendations. It does include progress reports for flavivirus
sampling from 1996 as part of a larger project in the Northern Territory, in which a variety of
animals were tested. Wild birds, marsupials, native rodents, flying foxes, feral and domestic
pigs, sentinel cattle, and several other feral species were sampled and tested with the flavivirus
ELISA. Positive sera were subsequently tested for JE, MVE and Kunjin virus. Of 2333 samples
tested, 691 were flavivirus positive (ELISA). Of these, 279 were positive to Kunjin, 246 to MVE
and 6 to JE virus tests. The report concludes flaviviruses infect a wide variety of hosts, and that
flavivirus activity has occurred every year in ferals and sentinels in the Northern Territory.

Exercise ‘Wild Thing’- Report and review
Author/s not stated (2002).

The Wild Animal Management Manual (WAMM) of the AUSVETPLAN had never been field-tested
until this exercise. Exercise Wild Thing was a major animal disease preparedness exercise run
over about 10 days near Musgrave in far north Queensland, in October 2001. The exercise
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simulated a foot and mouth disease outbreak using a fictitious disease of pigs with similar
symptoms, called ‘droopy mouth fever’. The aims of the project were to:

. assess feral pig management options
. test and improve the WAMM of AUSVETPLAN
. improve Australia’s preparedness to respond to an animal health emergency.

The exercise tested only the wild animal component of a response to an exotic disease:
it did not focus on domestic stock issues. The project was overseen by a multi-agency
management group. Representatives from the Department of Natural Resources and Mines
(QId), Department of Primary Industries (Qld), Australian Quarantine and Inspection Service,
and Cape York Natural Heritage Trust Weeds and Feral Animals Project carried out the planning
(including preparation of a risk assessment and management plan, and a communication
plan) and implementation. Participants with pest animal management experience from other
states were also involved.

A Wild Animal Section Leader was identified and liaised with about 35 staff. A Forward Disease
Control Centre (at Musgrave) was established by the leader. A Local Disease Control Centre
(at Cairns) was also established to provide advice and support.

Teams were set up for activities in control, surveillance, GIS and mapping, communications,
administration, decontamination and roadblocks. Aerial baiting with 1080 poison was chosen
as the initial control and containment method. Strategic ground baiting and shooting (aerial
and ground based) were also used as follow-up measures. Pig populations were estimated
before, during, and after the exercise.

Recommendations made after the exercise include the need to:

o delineate roles of animal health and vertebrate pest control agencies and
individuals

. liaise and communicate reliably and consistently across agencies at national, state
and local levels

. regularly train staff in areas such as mapping, disease response and media skills

. improve WAMM and other AUSVETPLAN manuals (strategic guidelines and editorial
recommendations arre included, as arre changes to operational procedures)

. educate the public about exotic disease outbreaks and preparedness.

Note: Edition 3 of AUSVETPLAN was updated in 2003 as a result of recommendations made
from this exercise.

A novel molecular-ecology approach to ascertaining emigration/
immigration and potential disease spread in feral pigs

Lapidge, S., Spencer, P., Hampton, J., Cowled, B. and Scanlon, J. (2005).

This project acknowledges the risk posed by feral pigs in the transmission of significant
diseases such as FMD in Australia. Information on pig density, behaviour (of populations and
individuals), social contacts and seasonal conditions are useful for predicting disease spread.
This study aimed to contribute to disease modelling by using a molecular and ecology approach
to get information on sexual contact and genetic relatedness in a low-density pig population.
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The specific aims of the project were to:
. determine feral pig density using aerial surveys and shooting
. calculate cost effectiveness of aerial shooting for a low density population
. determine immigration and emigration rates using genetic analyses
. obtain data on pig population demographics and geographics

. predict whether disease transmission would occur in a very low density population,
and what the minimum controlled area would be in an outbreak.

An area of 4,430 km? of semi-arid woodland and grassland near Cunnamulla in southeast
Queensland was studied over 2003 and 2004. Aerial surveys were done to estimate pig density,
and later corrected on the basis of shooting results (with a correction factor of 4.3). A total of
306 shot pigs were genotyped using 14 microsatellite makers. Location of shot pigs, their body
condition, age and reproductive capacity were recorded. Data from shooting and molecular
analyses were used to estimate distance between boars, sows and offspring.

The cost of culling feral pigs, counting helicopter, fuel, labour and bullet costs, was estimated at
$68-$76 per pig. Genetic analyses showed the 2003 and 2004 pigs were genetically identical
and part of a larger population, whose geographical boundaries were outside the area covered
in this project. Immigration and emigration rates and sources could not be determined, but
recovery of populations after shooting suggested reinvasion from surrounding areas.

Distances moved each day by feral pigs were calculated from location data and assessed in three
home range models. The random movement model gave the best correspondence between field
data and model output — it was considered surprising there was no home range component
in movement of pigs in the area. Conservative estimates of disease transmission coefficients
(from sexual contact rates) indicated FMD would not transmit in such a low density population.
The study showed feral pigs can move large distances over short periods; for example, boars
were found to move about 3 km linear distance per day. Such movements would allow the
spread of disease, particularly during incubation periods when symptoms were not severe. The
minimum velocity of FMD advancement was estimated to be about 6 km per day.

19

The report recommends a more in-depth study of relationships between animal abundance/
movement and availability of food and shelter. Ideally such a study would include many movement
measurements over an extended period and in a variety of environmental conditions.

Development of cyanide bait for rapid disease sampling and surveillance of
wild animals

Gentle, M., MacMorran, D., Aylett, P., Saunders, G. and Eason, C. (2007).

This report acknowledges that current surveillance and monitoring techniques, such as
shooting, are very intrusive and often disperse animals. The use of fast-acting toxic baits
could provide an alternative technique. Currently available poisons are not suitable for disease
sampling, primarily because they have slow modes of action (so carcasses would be some
distance from bait stations and difficult to find). Cyanide is a toxin that could be useful for
feral animal surveillance, both for disease sampling and population estimates. It essentially
prevents the body from receiving oxygen and has been reported in previous trials to result in
rapid death in pigs.
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This project aimed to improve the current methods for delivering cyanide to feral pigs, by
changing the formulation and/or delivery of the toxin. Specific aims were to:

. develop an effective formulation/delivery technique for cyanide to be used in
current/likely baits

. demonstrate bait efficacy on captive feral pigs
. trial cyanide delivery techniques for foxes.

Connovation Pty Ltd in New Zealand was contracted to develop a suitable cyanide product for
delivery to pigs, based on their success with other vertebrate pests (eg possums). Feral pigs
were trapped and pre-fed with non-toxic bait packages, which varied in their bait substrate
(meat, grain, dog biscuit etc) and toxin delivery product (capsule type, cyanide concentration).
When preference for particular substrates was observed, lethal trials were done. Five different
pen trials were done.

The project obtained inconsistent results, which warrant further investigations. The authors
concluded that either the formulation of cyanide or its delivery in wax capsules was inadequate
to produce a rapid pig death. The capsule design was considered acceptable, since pigs readily
ate non-toxic capsules. The presence of the cyanide was somehow recognised by the pigs,
which rejected or ejected toxic capsules. It was concluded it may be difficult to successfully
compromise between encapsulating the cyanide to mask it, while still providing sufficient
reactivity to produce a rapid death. The use of ejectors was also trialled and considered to be
a possible alternative to capsules. Foxes were not trialled in this project.

The report recommends that:

. Further work should be done on both cyanide formulations and delivery mechanisms
— unless significant changes are made to capsules / baits already tested, wax
capsules should not continue to be used.

. Paste formulations should be investigated for direct delivery to pigs by placing on
foodstuffs. They should also be tested for their suitability for rapid poisoning of
foxes.

. To avoid pigs’ aversion to cyanide, more work should be done to produce lethal
baits packages.

. Cyanide ejectors should be further tested for their potential to deliver cyanide to
pigs.

. Overseas trials on new formulations or delivery of cyanide to feral pigs should be
watched for applicability to Australia.

Feasibility of delivering oral liquid vaccines or contraceptives to feral pigs
Lapidge, S. (2007).

This report acknowledges that feral pigs are a significant pest species in Australia, the United
Kingdom and United States. The threat of pigs introducing a serious disease (such as FMD) to
livestock has prompted research into FMD vaccines and contraceptives. This project conducted
trials in Australia, as part of a larger international project assessing the feasibility of oral vaccines
and contraceptives for feral pigs. The specific aims of the Australian component were to:

. validate the use of iophenoxic acid (IPA) as a biomarker in feral pigs, prior to field

trial bait studies — by quantifying the effect of orally delivered IPA on blood iodine
levels
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. develop an encapsulation method to effectively deliver simulated oral vaccines to
feral pigs
. field trial PIGOUT® baits for use in delivering a pharmaceutical to feral pigs.

Captive feral pigs were administered with different doses of IPA (0-40 mg) via a tube direct
to the stomach (gavage) or by feeding PIGOUT® baits containing various gelatine capsule
formulations. Blood iodine levels were monitored for eight days after administration. Feral pigs
in Namadgi and Kosciuszko National Parks were then baited with PIGOUT® baits containing
20 mg of IPA in the best encapsulation method to simulate a vaccination program. Pigs were
subsequently trapped and sampled for IPA uptake and associated factors.

Bait-delivered IPA produced variable and inconsistent blood iodine levels, so prevented accurate
quantitative assessments. It was, however, sufficient to show bait uptake. Direct gavage of IPA
provided quantifiable results. The most effective encapsulation method was found to be the
administration of multiple small capsules of IPA.

PIGOUT® baits containing IPA were readily eaten by feral pigs in both national parks tested.
Varying ages, sexes and weights of pig were equally likely to consume baits. Increasing bait
density resulted in a higher percentage of baits being consumed, with 80% being consumed in
densities of 5.5 baits per animal. The Australian trials indicate that PIGOUT® could be a useful
delivery vehicle for vaccines or contraceptives to feral pigs.

The report also includes information on the other, international trials on PIGOUT® target
specificity (in the United States) and its feasibility to deliver vaccines to badgers or wild boar
(in the United Kingdom). Neither trial in the United Kingdom produced encouraging results. 21
Specificity trials in the United States showed a high proportion of PIGOUT® baits were taken by
a variety of non-target species, including raccoons, collared peccaries, rabbits, cattle, coyotes,
deer, rodents and skunks. Including a repellent (‘Get Away’) in baits may have deterred
uptake by non-target species, and fish-flavoured baits were found to be more attractive to
pigs. Clustering the baits increased uptake by feral pigs. Further trials with other hard-cased
baits showed that strawberry flavoured baits could be relatively pig specific, attracting pigs
and apparently repelling at least some other species. Future experiments will test strawberry
flavoured PIGOUT® baits in the United States.

The report concludes that oral delivery of vaccines and contraceptives to feral pigs is feasible in
the field. Pig density should be assessed before baiting programs, to ensure efficient bait uptake.
IPA can be used as a qualitative biomarker of bait uptake, but is not suitable for quantitative
studies. The future use of PIGOUT® baits containing a vaccine for FMD or a contraceptive (for
example) could create a buffer zone around disease hot spots, to prevent or diminish disease
spread. However, further epidemiological studies would be needed to validate such a disease
management strategy.

2.4 Projects on birds

Detection of Newcastle disease and other haemagglutinating viruses
amongst Victorian wild birds populations

Peroulis, I. and O'Reily, K. (2002).

This report concentrates on avian paramyxoviruses, which are common in wild birds, particularly
waterfowl. These birds can act as reservoirs for poultry diseases, causing virulent outbreaks.
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The most recognised paramyxovirus is Newcastle disease virus (NDV). This virus can cause
high mortality, and slaughter of large flocks is required for control. Although NDV strains
isolated from wild birds are usually avirulent, it is thought that these strains can mutate to
highly virulent forms in poultry. This apparently occurred in an outbreak of Newcastle disease
in New South Wales in 1998-2000 and again in Victoria in 2002.

This project aimed to detect and characterise NDV in wild birds, to increase understanding
of genetic types of the virus circulating in wild populations. Tracheal and cloacal swabs were
taken from 605 birds throughout Victoria over 2001-2002, including ducks, quail and pigeons.
Kookaburras, magpies, parrots and other bird species were also included in this number.1210
samples were processed, and from these, 25 haemagglutinating viruses were isolated from
ducks and quail. Most viruses were avian paramyxovirus Type 6 and influenza virus subtype
A; all of which had low virulence. Two NDVs were identified, but neither was a virulent or
intermediate (with potential to mutate to virulent) strain.

The report recommends continued sampling of wild birds, to understand virus types present
and to detect possible threats to Victoria’s poultry industry.

Development of rapid molecular surveillance tools for the detection of
avian influenza virus within Victorian wild bird populations

Warner, S. and O'Riley, K. (2005).

This report acknowledges that the widespread occurrence of avian influenza (AI) in
production birds around the world is emerging as a significant problem. Migratory shorebirds
(Charadriiformes) have been identified as the most likely group to introduce AI to Australia
from south-east Asia. They have also been implicated as reservoirs for low pathogenic strains
of the virus. Many different shorebirds migrate from the north hemisphere annually, congregate
in large groups, and often interact with terrestrial bird species. These characteristics, together
with their frequent proximity to duck (Anatidae) populations, identified shorebirds and ducks
as target birds for Al surveillance. The project involved collaboration with a variety of state and
federal government departments and other groups.

The project’s main aims were to:

. design and undertake a targeted surveillance program for Al in Victorian water
birds

. develop and validate a rapid screening polymerase chain reaction (PCR) for Al
virus (AIV) from cloacal samples

. generate a reference genetic database of AIV strains

. further understand the molecular epidemiology of AIV in bird populations, including
possible implications to the Victorian poultry industry.

Between February 2004 and April 2005, 1390 cloacal samples were taken over a wide range of
locations in Victoria from various types of ducks, migratory and other birds, and some sentinel
chickens. Where possible, samples were collected in wetlands where ducks were known to
cohabit with wading birds, and with proximity to poultry farms. 170 of the samples were
from New South Wales. Samples were tested for AIVs by looking for viral activity in injected
embryonated eggs, or for DNA amplification by an optimised PCR reaction (using nested
reverse transcriptase PCR; RT-PCR).

Research on wildlife disease preparedness in Australia




Analysis of injected egg samples identified three isolates of AlIV, all from ducks. The only AIV
subtype was H4, which had low pathogenicity. Several isolates of other avian paramyxoviruses
were also detected in several duck and quail samples. The nested RT-PCR test was found to
have a high degree of specificity and sensitivity, and could detect AIV directly from cloacal
samples. Of the 1390 samples tested, there were 15 PCR positives, which included the same
three samples as identified using the injected egg test.

Overall, the results demonstrated a very low prevalence (1.1% from PCR testing) of ALV in
wild birds tested, and all of these AIVs were found in ducks. Future studies are recommended
to address several factors, including: appropriate species and ages of birds to sample, priority
sampling areas, and seasonal fluctuations in virus prevalence. Yearly sampling was considered
useful to contribute to a longer-term study.

This project was continued the following year in: ‘Application of rapid diagnostic tests in the
targeted surveillance of avian influenza virus within Victorian wild bird populations’ (see Warner
et al 2006, below).

Targeting surveillance for avian influenza in wild birds: a pilot investigation
in New South Wales

Tracey, J. (2005).

This report was written for the project ‘The feasibility of targeting surveillance for avian
influenza in wild birds”. This project acknowledges that broadscale surveillance of wild birds for
AIV in Australia would be extremely difficult and expensive due to the low prevalence of the
virus. The project was designed to help target more efficient sampling activities by:

. examining the role of wild birds in transmitting Al and identifying species most
likely to transmit AI in Australia

. identifying optimal timing for sampling for AIV
. identifying priority areas for Al surveillance

. reviewing protocols for capture, handling, AIV sampling and euthanasia of wild
birds.

The report concludes that the probability of detecting AIV in wild birds is likely to be greatest in
waterbirds, particularly Anseriformes (including ducks, swans and geese). Maps of commercial
poultry operations in New South Wales are provided, along with maps of the occurrence of
Anseriformes and important wetlands for Charadriiformes (migratory shorebirds). From these
maps, a map was generated showing priority areas for AIV surveillance in the state.

To evaluate the risk of transfer of low pathogenic AlIVs to poultry, it is recommended that
sampling be prioritised with Anseriformes in several areas of New South Wales, including the
central coast and Sydney basin wetlands. Most efficient sampling should be between December
and February, based on bird breeding and seasonal fluctuations in virus prevalence.

To evaluate the risk of wild birds introducing foreign ALV subtypes to Australia, it is recommended
that sampling be prioritised with Anseriformes in central and south coast regions of New South
Wales. Other areas where significant populations of migratory shorebirds cohabit should also
be targeted, and sampling should be most effective between August and October.

Protocols for sampling that are reviewed in the report include trapping, targeted shooting
(where birds are shot specifically for sampling), and shooting for damage mitigation (where
pest birds are shot as a control method).
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The report recommends that future research include: targeting surveillance of Anseriformes
at priority areas, trialling field sampling techniques, improving predictions of waterbird density
and movement, and further investigating virus subtypes in other bird species.

Surveillance for avian influenza viruses in Tasmanian wild bird populations,
2005-2006

Bell, C. (2006).

This project aimed to conduct targeted surveillance of wild birds for the presence of AIV in
Tasmania.

Three populations of waterfowl (Anseriformes), silver gulls and shearwaters were selected
based on their potential involvement in an Al outbreak: waterfowl are a species likely to act as
AIV reservoir, silver gulls are species involved in local virus cycling and migratory short tailed
shearwaters are in close contact with humans through harvesting. Waterfowl and silver gulls
were sampled from southeast Tasmania, in a region close to commercial poultry operations
and wetlands. Shearwaters were sampled on Little Dog Island in Bass Strait.

A total of 442 cloacal samples were collected from 227 waterfowl, 47 silver gulls and 168
shearwaters. Blood samples were collected from 194 of the waterfowl and 24 of the gulls.
No birds showed clinical signs of AL. Samples were analysed using RT-PCR and competitive
(c)ELISA serology tests.

The author acknowledged some difficulties with the cELISA tests, and also that the sampling
was biased due to logistical constraints and so may not be truly representative of wild bird
populations. However, ALV was identified by RT-PCR and cELISA testing in a low proportion of
duck and gull samples. No evidence for AIV infection was observed in any shearwater samples.
Influenza A virus was isolated from three cloacal swabs, and identified as type H3N8 from a
mallard duck, H4N6 from a Pacific duck and type H13N6 from a gull. The results present the
first report of positive serology and isolation of H13 subtype AIV in the southern hemisphere.

The report concludes that although a very low proportion (1-2%) of waterfowl and silver gulls
tested positive for AIV, a higher proportion (20% -29%) showed evidence of previous exposure
to AL It also concludes that the risk of short tailed shearwaters introducing or spreading AIV
in Australia is low. The report recommends continued active surveillance in wild birds around
Australia to improve current assessments.

Genetic structure of Australo-Indonesian waterbird populations
Roshier, D., Ten Have, J. and Chesser, T. (2006).

This was a very short project to attempt the feasibility of using museum specimens to analyse
genetic variation in southeast Asian waterbird populations. The rationale was that variation in
mitochondrial (mt)DNA and nuclear DNA can be used as a measure of connectivity between
different populations, and could thus provide information on patterns of movement of waterbirds.
Currently, little is known about bird movements across the Torres Strait: some populations
move regularly with seasonal migrations, other populations or individuals move frequently
but irregularly, and others move infrequently in response to environmental pressures and so
on (eg drought in Australia). Understanding the movements and connectivity between bird
populations will help manage the risks of avian disease outbreaks.

Research on wildlife disease preparedness in Australia




The specific aims of the project were to:

. sequence MtDNA from museum specimens from Indonesia and compare to
Australian specimens

. determine microsatellite genotypes (from nuclear DNA) for museum specimens
from Indonesia and compare to Australian specimens.

Tissue samples were taken from toe pads of Grey Teal duck specimens collected in Java in
the early 1900’s. MtDNA and nuclear DNA were extracted, and PCR was used to attempt
amplification of specific sequences. The results of this preliminary attempt were not very
successful. While some PCR products were obtained with mtDNA samples after optimising
reactions, these products were not found to match Indonesian Grey Teal (some degree of
similarity was found to mtDNA from other bird species). No PCR products were obtained with
nuclear DNA samples from museum tissues.

It was concluded that the DNA extracted from the museum specimens was either contaminated,
or possibly degraded. The report did not rule out future analysis of museum samples, but
suggested other tissues may yield better DNA, and that extraction and PCR methods may
need further optimisation for successful DNA amplification to occur. An alternative approach
suggested was to try the existing methods but with newly collected material.

Surveillance for avian influenza viruses at the Bolivar Lagoons, South
Australia

Dickason, C. (2006).

This very brief project report describes surveillance for AIV in the wild waterfowl population
at the Bolivar sewage plant sedimentation lagoons. The aim of the project was to monitor this
South Australian waterfowl population for AIV by PCR testing faecal samples collected from a
variety of species.

Waterbird species observed at the lagoons included various ducks, coots, swan, shovelers,
plovers, gulls, pelicans and others. 90 fresh faecal samples (30 tubes with three pooled samples
each) were collected approximately weekly from lagoon shores, ten times between March and
May 2006. Samples were subjected to a PCR test developed by the Australian Biosecurity
Cooperative Research Centre for Emerging Infectious Disease. Samples giving a positive or
equivocal result in the PCR were cultured for virus isolation to identify H and N types.

Of the 300 pooled samples screened by PCR, two gave positive results for AIV. One pooled
sample gave an equivocal result. No virus was isolated from any of these tested samples. The
report provides no recommendations.

Application of rapid diagnostic tests to detect exotic West Nile antibodies
and virus during surveillance of wild birds, mosquito populations, equines
and sentinel flocks

Peroulis, 1., Azuolas, J., Warner, S., Brown K., Welch, A. and Heuston, L. (2006).

West Nile Virus (WNV) is a mosquito-borne virus in the family Flaviviridae, genus Flavivirus,
and is a member of the Japanese encephalitis virus (JEV) serocomplex. Birds appear to be the
amplifying hosts for WNV, but incidental hosts are humans, horses and other mammals. In the
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United States, WNV has been a serious problem, having severe impacts on horses, humans
and many bird species. WNV is a potential threat to Australia, since the mosquito vectors and
reservoir host species are present to maintain an epizootic/ enzootic cycle. Accurate diagnosis
and effective surveillance systems need to be maintained for biosecurity.

The aim of this project was to survey sentinel chickens, wildlife and horses in eastern Australia
for WNV.

Collaborations were established with interstate centres (Westmead Hospital, University
of Queensland and Primary Industries Research Victoria) involved in WNV diagnostics and
surveillance. Serological (competitive ELISA) and molecular (real-time PCR) methodologies
were used during an annual monitoring program of sentinel flocks and mosquito populations
within Victoria.

Serological tests were done on: 5200 sentinel chicken blood samples, 60 wild duck blood
samples, 2 kangaroo blood samples, 2 raven blood samples and 1500 historical equine
samples. No WNV antibodies were detected. 1500 historical and current equine sera were
screened for flavivirus antibodies. The samples came from Queensland, New South Wales and
Victoria, from 1996-2001 as well as 2005 and 2006. Of these samples, 162 tested positive
for flavivirus antibodies (15 for Murray Valley encephalitis, 104 for Kunjin and 56 unknown
flavivirus positives).

100,000 mosquitoes were PCR tested for the presence of WNV, but no WNV was detected.

The equine serology data obtained corroborated with previous positive detection of Kunjin
in sentinel poultry and with the documented spread of Kunjin and Murray Valley Encephalitis
virus in eastern states over the tested years. The report recommends enhancing surveillance
for exotic arboviruses by extending current sentinel programs to include equines, as well as
wildlife, sentinel poultry and mosquitoes, particularly if drought conditions do not continue.

A cross-jurisdictional model for targeted surveillance of wild bird species
Gordon, A. N. and Field, H. (2006).

Queensland’s Parks and Wildlife Service (QPWS) and Department of Primary Industries and
Fisheries (DPIF) have recently developed protocols for submitting samples positively biased
towards bird species with a high risk of Al, and for morbidity/mortality events more likely
associated with infectious disease. The aim of this project was to test the cross-departmental
approach to wild bird disease surveillance. A secondary outcome of the project was to provide
improved ‘cause of morbidity/mortality’ data to QPWS and so increase information on disease
trends in wild birds.

In this project, high-risk species such as waterfowl and migratory shorebirds were targeted
for AIV and Newcastle Disease Virus (NDV) assessment. Bird samples were also tested for
the presence of pesticides, heavy metals, botulism and other bacteria or events. Sick and
dead birds were submitted from a variety of sources; mostly from the Environment Protection
Agency and DPIF, but also from veterinarians, city councils, wildlife agencies and the general
public. A total of 47 submissions of wild birds were received and processed between November
2005 and June 2006. Included in these submissions were 103 individual birds from 20 species,
and 20 mass-mortality events.
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Most birds were tested for AIV using real-time RT-PCR and all of these returned negative
results. No AIV was isolated from any cultures. About half the birds were tested for NDV with
real-time RT-PCR, but this proved an unreliable method of diagnosis: while no positive PCR
results were obtained, a NDV was incidentally isolated from a cloacal swab. Some selected
cases were tested for West Nile virus, but results were negative. Causes of mortality were found
for some samples, including organophosphorous poisoning, botulism, trauma and parasitism;
many samples were still awaiting further diagnosis.

Overall, the report concludes that the cross-jurisdictional model tested was effective at gaining
surveillance data on sick and dead birds. The collaborative effort improved over the course of
the project, establishing an effective network of submitters. The report recommends future
activities clearly define whether sample submissions are for full mortality diagnosis or more
simply for excluding the presence of viruses. Where the former is the case, it is recommended
that adequate funding is secured, a single pathologist conducts/coordinates the investigations
(for consistency), and submission of better quality samples is encouraged (through formal
agreement or provision of appropriate kits).

Detecting avian influenza in wild birds in New South Wales
Kirkland, P. D. and Tracey, J. (2006).

This project was a follow-on from the New South Wales pilot project (Tracey 2005, above).

The report emphasises that wild birds are known reservoirs for AIVs, but there is uncertainty

on their role of introducing foreign subtypes of influenza to Australia. There is also insufficient 27
knowledge on how wild birds may contribute to an outbreak of high pathogenic (HP) AI in

poultry, particularly with respect to low pathogenic (LP) AI converting to HPAI. Targeted

sampling of bird populations was considered an effective way of improving understanding of

these factors and therefore our preparedness for an outbreak of Al.

The aims of this project were to monitor wild bird populations for AIV infection and build
capacity to respond to an AIV outbreak. Specific objectives were to:

. identify target populations of wild birds
o field sample these populations and analyse the samples in laboratory tests

. establish collaborations, implement field sampling protocols and building
infrastructure to enable rapid detection of AIV

o contribute to a national AIV surveillance program (with the AWHN).

Species of the Anatidae family were targeted for surveillance, from multiple locations across
New South Wales. Sites included some with close proximity to commercial poultry operations
(Jerilderie), significant wetlands (Narrandera), coastal populated areas, and more isolated
inland sites. A total of 1139 birds of various ages were sampled, including: 1071 anatids,
58 eurasian coots and 10 dusky moorhens. Cloacal swabs and blood samples were collected
between October 2005 and June 2006, using targeted shooting and live trapping techniques.
A number of different laboratory tests were used to screen samples for AIV, including a ‘Flu
Detect’ rapid antigen detection kit, real-time RT-PCR reactions and Influenza A group serology
(ELISA assays). Samples that gave positive or equivocal results by PCR were also subjected to
virus isolation in embryonated chicken eggs.

Overall results from sample analyses showed a very low prevalence of AIV in New South Wales.
The report concludes that the real-time RT-PCR methodology used was an efficient screening
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procedure, allowing rapid processing of large numbers of samples. However, some (6 out of
1139) PCR reactions gave inconclusive results that would need to be followed up with nucleic
acid sequencing. Only one Grey Teal duck sample gave a moderately positive result for the RT-
PCR test. No virus was isolated from any of the samples.

The Flu Detect kit was found to be robust and highly specific, and was considered useful for
future clinical tests or dead bird surveillance. No AIV was detected in any samples with the
kit. The Influenza A group serology test was found less useful, giving a significant number of
samples with inconclusive results.

Both targeted shooting and trapping had advantages as sample collecting methods. While
adequate numbers of samples could be obtained over short periods with knowledgeable
shooters, site selection was limited by shooter availability and location. Targeted trapping was
more labour intensive but enabled more detailed information to be collected.

Improvements to data collection, sampling and laboratory testing are recommended, including:
ongoing training of personnel, more intensive focusing of sampling (location and timing) and
serum collection for antibody detection. The report also recommends continued efforts to
accumulate data in a national database, and to validate/standardise testing protocols between
different jurisdictions.

Application of rapid diagnostic tests in the targeted surveillance of avian
influenza virus within Victorian wild bird populations

Warner, S., Welch A., Ainsworth, C., Tracey, J., Zikesch, F., Saunders, G. and Lukins, B. (2006).

This project was a continuation of Warner (2005) described above. Its general aim was to
undertake a targeted surveillance program for avian influenza in Victoria. Specific objectives
and outcomes were:

. development of a geographic information system (GIS) for Victoria for identifying
key areas for wild bird surveillance, including maps of poultry farms close to wild
birds, and bird abundance maps

. field sampling of targeted species at high-risk locations

. recommendation of a PCR screening test for use in Al surveillance
. adaptation of PCR methodologies for high throughput testing

. incorporation of data within a national surveillance database.

This project involved collaboration between the Victorian and New South Wales Departments of
Primary Industries (DPI): NSW DPI did the GIS mapping and risk assessments, and Victorian
DPI did the wild bird sampling based on their results. The project was designed to establish the
basics for a longer term Al surveillance approach, for Victoria and ultimately for Australia.
GIS was used to identify the high-risk areas for the transmission of Al between wild ducks and
domestic poultry in Victoria. A series of maps is provided in the report showing the: location
of commercial poultry farms, Anseriformes density, and presence of important wetlands for
Charadriiformes. Key areas of Al risk were determined by proximity of poultry operations to
major wetlands with high Anseriformes density.

Cloacal samples were collected from 723 anatids and 1500 shorebirds and other waterbirds as
part of a national surveillance program for AIV. Samples were collected from high-priority areas
and also some non-priority areas. They were processed using AIV Type A PCR (a nested PCR test
designed to detect any of the 16 subtypes of Type A AIV), developed in the previous project.
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45 samples tested positive by PCR, 40 from anatids (a prevalence of 5.5%) and 5 from shorebirds
and other waterbirds (0.33%). High prevalence species included black swan, Australasian
Shoveler, Chestnut Teal duck and Grey Teal duck. The majority of positive duck samples came
from the Gippsland region, which was not identified as a high-risk area from the GIS mapping
and risk assessment.

No live virus could be cultured from any of the PCR-positive samples. The authors conclude
that inadequate transport and/or storage conditions, or a very low virus level was responsible,
or that the viruses were not alive in the birds at the time of sampling. More extensive PCR tests
and sequencing were done to confirm the initial PCR results.

’

PCR tests used in the project showed different levels of diagnostic sensitivity: the researchers
nested PCR test was several orders of magnitude more sensitive than a real-time PCR test
being used by various laboratories in a coordinated PCR testing program at the time. The PCR
methodologies described in the first project were adapted for high throughput testing, allowing
hundreds of individual samples to be processed in a day.

The results of the survey were incorporated into the eWHIS national AIV surveillance
database.

The report recommends that:

. future samples of shorebirds should be pooled to reduce testing costs, given their
overall low prevalence of AIV

. future samples from ducks and black swans should be processed individually, due
to their apparent higher prevalence

29

. more work should be done to determine optimal conditions for sample collection,
transport and subsequent storage to improve success rate of live virus culture

. future projects should include virus subtyping analysis to provide information on
the ecology of endemic Al viruses in Australia, to help inform risk management.

2.5 Other WEDPP projects

Training in the use of Gen-Wed (generic models for wildlife and exotic
disease)

McLeod, S., Druhan, J.P. and Saunders, G. (2000).

This report acknowledges there are many wildlife disease models available, but they often
require expert knowledge and / or mathematical training to use for disease management. The
role of such models in disease contingency planning is essential. This project sought to create a
more user-friendly model that could be used by a variety of personnel as a disease management
and training tool. The specific aims were to construct mechanistic models that could:

. predict the behaviour and impact of key exotic diseases of carnivores, feral pigs
and feral herbivores

. be operationally useful and user friendly

o monitor impacts of population reduction and vaccination on disease spread

. evaluate the necessary extent and usefulness of disease sampling procedures
. predict the effect of natural dispersal mechanisms on the spread of disease.
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The ‘Gen-WED’ package was developed to deliver the above outcomes. An overview of the
program is given, and an example of its use as a training tool is demonstrated for FMD. Spatial
or non-spatial simulations can be run, and model results can be displayed in a variety of ways,
including a time series of the disease dynamics or a table of data.

Workshops were run to train state and federal representatives in the use and interpretation of
the Gen-WED program, and feedback allowed further refinement of the model. A cd-ROM of
the package was supplied with the report, and the authors were confident it would be a useful
training, administrative and predictive management tool for disease preparedness.

Proceedings of the conference ‘Veterinary Conservation Biology Wildlife
Health and Management in Australasia’ July 2001, Sydney

Author not stated (2001).

Various presentations on wildlife health and management are included in the proceedings,
including the following topics:

. Conservation — including dingoes, cats, ticks, zoos, indigenous protected areas,
and including a model for a national wildlife health network

. Sustainable use of wildlife — including aboriginal use of wildlife in Northern Territory,
kangaroo harvesting, coarse fish in Ireland, animals in medical research

o Marine wildlife and birds — including diseases and management in New Zealand,
little penguins, kiwis, stitch birds, feral pigeons, lorikeets, seals in United States,
and sea lions

. Wildlife translocations and recovery — including kangaroos, wallabies, koalas,
whooping crane, tigers, and issues of fertility control, welfare, and disease

. Wildlife health — including bat viruses; avian vacuolar myelinopathy; chytridiomyosis;
diseases of platypus, wallabies and wombats; role of nutrition; online diagnosis of
diseases in Australia; monitoring diseases in wildlife.

Enhancing the Australian Registry of Wildlife Pathology
Rose, K. (2003).

The aim of this project was ‘to enhance the capacity of the registry to integrate and disseminate
information and diagnostic materials to agencies involved in wildlife exotic disease preparedness
and response’.

The primary outcomes of the project were the:

. determination of the best ways to enhance the capacity of the registry to collect
and manage data on wildlife health — data gathering, reporting, entry, analysis,
storage and dissemination were addressed, as was storage of materials/samples

. improvement of the registry’s computerised archival system, for data analysis and
reporting

. development of a registry of expertise and resources

. improvement of storage facilities for the registry’s specimens (paraffin blocks)

. production of an informative brochure on the materials, information and services
of the registry, for distribution to stakeholders.
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NSW pest animal survey and update of key risk areas
Saunders, G., West, P. and Jones, G. (2003).

This report was written for the WEDPP project entitled ‘Pest animal survey 2002: an analysis of
pest animal distribution and abundance across NSW and the ACT'". The report emphasises that
information on the distribution and density of pest and wildlife populations needs to be reliable
and readily accessible, especially to enable an efficient response to an emergency disease
outbreak. The purpose of this project was to conduct a statewide survey of wildlife species that
have the potential to spread or act as reservoirs for exotic animal diseases.

The project aims were to:
. conduct a statewide survey of wildlife pest species
. update and improve accuracy of distribution and abundance maps
. provide baseline information for identifying populations at risk of disease
. establish uniform survey techniques and a database for survey information.

Outcomes of the project included accurate distribution maps and recommendations for ongoing
monitoring programs. The 2002 survey results using GIS mapping technology are given.
Standardised pest density scaling systems were used in consultation with local information
sources (eg National Parks and Wildlife Service, catchment authorities, hunting associations,
wildlife harvesters and Aboriginal Lands Councils).

The survey focused on foxes, rabbits, feral pigs, feral cats, wild dogs/dingoes, feral goats, 31
hare, wild deer, wild horses and feral livestock. Diseases that these species are susceptible to

or can carry are outlined. The most abundant species reported were foxes, rabbits and feral

pigs. Feral cats, wild dogs, feral goats, hare and wild deer were also reported as abundant.

Wild horses and feral livestock were reported as scarce. A summary of the findings on each

pest species is given below.

Foxes were reported to have increased in distribution (to 98% of NSW and ACT) and abundance
over recent years. However, control efforts had also increased, suggesting a lack of effectiveness
of the techniques chosen: an over reliance on baiting with 1080 poison was mentioned. Impacts
of foxes were cited as predation of livestock and wildlife, and risk of rabies.

Rabbits had increased in distribution across the state (to 69%), but decreased in density. The
reduction in numbers was largely attributed to the success of rabbit calicivirus disease (RCD),
although a varied effectiveness of the RCD virus was noted. Control efforts varied across the
state, with some landholders relying solely on RCD, and others employing a more integrated
approach.

Feral pigs had increased in abundance and distribution (to 20% of NSW and ACT) since 1996
when a previous survey had been done. Control efforts had also increased; suggesting a more
proactive approach (eg targeting pre-breeding seasons) could be more successful. A wide range
of control methods were used, including hunting and commercial harvesting. The highest impacts
of feral pigs were considered to be pasture and land degradation, and disease risk.

Feral cats were thought to be widespread in NSW and the ACT, although their elusive nature
made estimates difficult. Wildlife predation was cited as their major impact. Control efforts
were uncommonly used, but included shooting and trapping.

Wild dogs were thought to be widespread in the tablelands, coastal and far-western regions of
the state. They were reported by some respondents to have slightly increased in distribution
since 1996, inhabiting 28% of NSW and ACT. In many small areas their density was considered
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high, but the majority of the state had a low abundance. Livestock predation seemed to be
the main impact of wild dogs. Control efforts had increased, with 1080 baiting being the most
common method.

Feral goats had slightly decreased in both overall distribution (to 37%) and density since
1996. However, some localised increases in eastern NSW were reported. Mustering and ground
shooting were the main control methods used, with commercial harvesting providing an
incentive in western NSW.

Wild deer were seen to be an emerging pest increasing in abundance, with six species inhabiting
5% of NSW and ACT (primarily in the Great Dividing Range and coastal regions). The main
impacts cited for deer were the risk of exotic disease, spread of livestock disease, and pasture
competition. Suitable control methods had not been identified.

Hares had a patchy but widespread distribution across the state, but were not considered a
major pest. Wild horses were localised in several small regions of NSW, and were not considered
high impact pests. Feral livestock were reported to have a very low abundance and were seen
to present a disease risk.

The survey reported that rangers rated exotic disease as a moderately high risk, particularly with
feral pigs, feral goats and wild deer. About half the rangers considered themselves adequately
prepared for an exotic disease emergency. Their pest management experience was stated as
providing an adequate skills base to deal with disease outbreaks in wildlife populations.

The report concludes that the information provided would be useful to assess whether wild
animal densities pose a disease transmission risk, and to help plan an appropriate disease
response strategy.

Another proposed outcome of the project was a risk analysis for potential wildlife and disease
associations, and identification of resource requirements for controlling wildlife populations in
key risk areas. However, no final report for this part of the project was available.

Distribution and abundance of pest animals in Western Australia
Woolnough, A., Gray, G. S., Lowe, T. 1., Kirkpatrick, W. E., Rose, K. and Martin, G. R. (2005).

This project acknowledges that reliable assessment of pest animal distribution and abundance
is essential for effective pest management. Availability of high quality information on pest
distribution and abundance allows identification of potential hot spots for disease or for
significant impacts on production or biodiversity. It also provides data for triple-bottom-line
(economic, environmental and social) assessments. This project consisted of two main parts
to capture institutional knowledge of pest animals in Western Australia: (1) a questionnaire
about pest animal abundance and impacts, and (2) collection of spatial data on abundance and
distribution on a property basis.

For the purposes of the survey, the state was divided arbitrarily into an agricultural and a
pastoral region. Pest animals covered in the agricultural region included feral pigs, feral deer,
feral goats and wild dogs. In the pastoral region, these animals and feral donkeys, feral camels,
feral horses and livestock were surveyed. Overabundant species, such as rabbits, foxes and
feral cats were not included in the mapping exercise, but were included in the questionnaire.
The same applied to overabundant native animals. Data was collected over 12 months from
November 2002.
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Staff from the Western Australian Departments of Agriculture, and Conservation and Land
Management were interviewed. The main observations are listed below.

. Foxes were rated as having the biggest (triple-bottom-line) impact in the
agricultural region. In the pastoral region, wild dogs were rated as the worst pest
for economic impacts, but feral cats were ranked highest for impacts on social and
biodiversity values.

. Feral pigs, feral cats, foxes, emus and kangaroos were thought to be increasing in
abundance in the agricultural region. Wild dogs were considered to be increasing
in number in the pastoral region.

. The key impacts of herbivorous pests were considered to be damage to native and
agricultural plants, and soil erosion and watercourse damage. The key impacts
of carnivorous pests were considered to be predation of native animals and
livestock.

. Different pest control methods were being used in different jurisdictions, with
different levels of effectiveness. Standardised operating procedures could be
useful.

The mapping data was standardised using clear definitions of abundance, and was deconstructed
into 10 km grids to avoid privacy issues. This allowed spatial comparability across local, regional
and national scales and also allowed hot spots of high disease risk to be identified.

The report recommends that such surveys (with some refinement of the techniques used) be
repeated at regular intervals, and on a national scale. It was considered that empirical data
on pest animals and disease should be obtained to support the survey results. Staff from both
departments could be better trained in exotic disease preparedness, including the role that
people could play in an emergency outbreak.

2.6 Other reports included in WEDPP files

These reports are included in this chapter, since a representative/s of WEDPP was a key
participant in these workshops.

Feral animal risks and foot-and-mouth disease — An Australian perspective
Black, P. (2002).

This report to Veterinary Committee was from a working group that included a representative
of WEDPP (Chris Bunn). The report was the outcome of a Consultative Committee on Exotic
Animal Disease meeting in 2001, which nominated a working group to review feral animal risks
and FMD. The review:

. summarises the situation of FMD risk to Australia at that time, taking into
account feral animal distribution and abundance, relevant legislation, and disease
preparedness

. summarises information on FMD in pigs and ruminants, and the AUSVETPLAN
. provides recommendations for future research and policy development.

The report concludes that while much of the necessary work on feral animals and their role
in FMD has been done, the results of this work need to be more widely disseminated. Public
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and agency perceptions about the role of ferals, and disease-response actions need to be
addressed. Pest control and disease management agencies need to collaborate and agree on
their roles and actions now, before an emergency outbreak occurs.

Recommendations of the review include: developing feral animal and FMD policies as a
collaboration between key vertebrate pests/animal health committees and agencies; promoting
the AUSVETPLAN Wild Animal Management Manual; prioritising projects addressing feral
animal risk analysis, disease surveillance and epidemiology; developing and maintaining a
national wildlife health database; conducting large-scale disease simulation exercises; and
standardising and maintaining distribution and abundance data between states. The report
also recommends consideration of the game harvest industry when developing policies for
managing emergency disease outbreaks. A review of the suitability of current legislation with
regard to managing an emergency outbreak is also recommended.

Decision support tools and the management of feral pigs in an emergency
animal disease event

Black, P. (2003).

This report contains proceedings from a workshop (with the same title) held in Canberra
in November 2003. The range of participants included disease modellers, epidemiologists,
veterinarians, quarantine officials and wildlife specialists. The workshop aims were to:

. review feral pig ecology and epidemiology of diseases of concern

. increase understanding of, and assess suitability of, current feral pig disease
models

. increase familiarity with the Wild Animal Resource Strategy (WARS)
. identify improvements to WARS and other relevant sections of AUSVETPLAN
. define future actions as appropriate.

The participants concluded that pig ecology and diseases were addressed, although the focus
had been almost entirely on FMD. They recognised that a number of disease models need to
be published in more detail than currently available, to enable reconstruction if necessary.
More data for parameterising single or multiple host models is also needed; and information on
contact rates and disease transmission is lacking, particularly for emerging diseases.

The most appropriate use of models was considered to be during ‘peacetime’, to enable
retrospective analyses and to better understand epidemic behaviour. Use of models during an
actual outbreak is most useful for monitoring, and fine tuning management approaches.

The workshop identified several areas for improvement of WARS and other sections of
AUSVETPLAN, and provides recommendations, particularly for mentioning surveillance issues.

Future actions identified by the participants include: following up on research into disease
transmission from pig carcasses, keeping stakeholders informed of compartmentalisation
issues, incorporating improvements into WARS and AUSVETPLAN, publishing a FMD model, and
keeping colleagues informed of workshop outcomes (including a journal publication reviewing
potential application of disease models as decision support tools).
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Avian influenza workshop report
Bunn, C., Mortier, J., Milne, B. and Moore, C. (2004).

Highly pathogenic avian influenza (HPAI) is considered to be a major exotic disease of concern
to Australia. Five outbreaks have occurred in Australia since1976; all associated with AI-
infected wild birds contaminating the environment close to commercial operations (such as
poultry farms). It is recognised that more knowledge concerning the presence and ecology of
Al viruses in Australian wild birds is needed.

This report summarises the conclusions and recommendations of an avian influenza workshop
held in Melbourne, 4-5 March 2004. The workshop brought together about 30 participants
from a diverse range of organisations. It was sponsored by WEDPP, DAFF and the Victorian
Department of Primary Industries Research.

The main conclusions of the workshop were:

1. For domestic flocks to become infected with AI, the HPAI virus must pass through
a multi-step pathway from migratory waterfowl to commercial operations and then
between establishments. There is no evidence that wild bird surveillance will provide
an early warning system for HPAI in domestic flocks.

2. The risks for birds (and humans) to become infected at each of the wildlife, free range
and commercial stages are different and should be treated separately, particularly with
regards to surveillance strategies.

35
3. The possibility that low pathogenicity (LP) Al subtype viruses (H5 and H7) mutate to

virulent forms needs to be further investigated, and incorporated into Al contingency
plans (see below).

4. Australian response measures for Al will need to be periodically reviewed to keep in line
with changing international standards and information.

5. Government departments of health, agriculture and conservation should maintain a
close collaboration on Al issues.

Specific recommendations were put forward by the workshop for the Animal Health Committee
and other stakeholders to consider. These include recommendations for surveillance activities,
outbreak preparedness and communication strategies:

1. Australia should develop an integrated Al strategy that incorporates surveillance,
research, quarantine and vaccination operations, and AUSVETPLAN policies. Response
to finding an Al virus should depend on what type of virus is found. World Organisation
for Animal Health (OIE) standards and guidelines should be followed. The pig industry
should also be considered for inclusion in an Al strategy. Regarding LPAI policy:

. H5 and H7 subtypes should be included in an Emergency Animal Disease Response
Agreement as a cost-sharing disease

. eradication (if possible) or containment of H5 and H7 subtypes should be a priority
(including vaccination).

2. Surveillance objectives and response policies should be established before surveillance
is undertaken. Surveillance for Al viruses should be increased and should focus on:

. assessing free-range industries, to identify high-risk areas
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. increasing sample submissions to laboratories, to allow for AI exclusion in
suspicious disease occurrences

. a long-term approach to gather spatial, temporal and ecological information.

3. Development, evaluation and training in the use of diagnostic tests are needed.
Occupational health and safety protocols should also be developed, resources should
be identified and stockpiled and personnel should be trained to use protective
equipment.

4, Vaccination options should be considered now, regarding efficacy testing, permits for
import and so on.

5. A multi-agency approach should develop compliance mechanisms for industry
operators.
6. A communication/education strategy should be developed that targets industry and

raises awareness of the potential for LPAI viruses to cause HPAI. Communications
should also include information on steps leading to an outbreak and identify potential
points of control. The public should also be targeted to boost consumer confidence in
the event of an outbreak.

Note: Since this workshop, The Primary Industries Ministerial Council has finalised the policy
for ‘Response to detection in wild birds’ and the AUSVETPLAN has been revised to reflect
responses to detection of LPAI and HPAI in wild and zoo birds.

2.7 Concluding comments on WEDPP research

Overall it is clear that WEDPP has had useful input to a wide range of projects relevant to
disease preparedness in Australia. These projects have often been collaborations between state
agriculture department/s and research institution/s such as Cooperative Research Centres,
universities and CSIRO. Private companies have also been involved. Projects funded have
included field research, desktop studies, workshops and at least one training exercise.

The projects have, on the whole, been relatively small (due to constraints put on funding and
duration of research). Many of the reports describe preliminary work only, or are inconclusive.
While in some cases funding has continued over successive projects to progress an issue or
research (eg developing the AWHN, and some Al research), most funding appears to be for
one-off projects.

Failures to achieve research outcomes have been reported, which is appropriate, and can be
useful for determining future research. However, some reports are missing from the office files
or have not been submitted at the completion of a project — possibly reflecting limitations in
the program’s administration.

The variation in quality and comprehensiveness of reports possibly reflects a lack of adequate
peer review. Much of the research has not been formally published elsewhere and has
apparently not been further evaluated or incorporated into preparedness strategies: there is
no supporting documentation stored with the WEDPP files to show whether recommendations
have been followed up in further research or policy development. As such, the return on
investment is unclear.
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A number of reviews of the WEDPP program itself have been done over the years, although the
outcomes of these reviews have not always been readily available. Such reviews are essential
to ensure research priorities and infrastructure arrangements are regularly reassessed to
maximise return on investments.

In conclusion, the contribution made by WEDPP to disease preparedness in Australia could be
significantly enhanced by:

. increased funding for longer-term or larger-scale projects

. greater administrative and peer support to ensure high quality project reports are
submitted

. increased evaluation and follow-up of research outcomes and report
recommendations to incorporate them into disease preparedness policy, training
or further research

. supporting documentation to demonstrate when and where such evaluation and
follow-up has occurred.
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3. Published Australian research related to disease
management and preparedness (1999-2007)

3.1 Search methodology

Peer-reviewed scientific literature was searched for Australian research published in 1999-
2007, on issues related to disease preparedness and management. Wildlife & Ecology Studies
Worldwide (Biblioline version, see http://www.nisc.com/factsheets/qww_.asp), PubMed and
Google Scholar databases were searched using key words: feral, wildlife, disease preparedness,
invasive animal, Australia. Articles on population-level research of diseases, in which invasive
animals are involved as hosts or reservoirs, were particularly sought.

Research articles on individual diseases were not specifically searched. The following exclusions
were also made to limit the search:

. technical research on disease agents (molecular biology of viruses, etc)

. descriptions of occurrence and pathology of diseases in wildlife (unless disease
management or contingency plans were mentioned)

. research on aquatic animals
. articles on rabbit haemorrhagic disease and its management
. government documents and other ‘grey literature’.

The results of the literature search are provided in the list of references in Section 3.3. The
list includes applied research into areas considered related to disease management, such
as population genetics, modelling and bait uptake, particularly where invasive animals are
involved. It is acknowledged the distinction of ‘pure’ versus ‘applied’ research with regards
to disease preparedness implications was subjective. The reference list shows search results
primarily for Australian research, although several key international reviews are included at
the end. The list is aimed to provide a starting point for discussion of the recent history and
future directions of wildlife disease research and preparedness strategies.

3.2 Research summary

Based on the literature search, recent research related to disease preparedness can be broadly
categorised into research on feral pests, diseases in native animals, and more general reviews.
Some examples are provided below; the full reference list is provided in Section 3.3.

Feral animals:

o management of feral pigs — models and simulated spatial dynamics of foot and
mouth disease (Dexter 2003, Doran and Laffan 2005, Garner and Beckett 2005),
incidence of Brucella suis (Mason and Fleming 1999), socio/genetic structure
of populations (Hampton et al 2004ab, 2005; Spencer et al 2005; Spencer and
Hampton 2005; Cowled et al 2007), hunters and disease surveillance (Mason and
Fleming 1999), and population control (Saunders and McLeod 1999, Fleming et al
2000, Hone 2002, Heise-Pavlov and Heise-Pavlov 2003, Twigg et al 2005, 2006;
Cowled et al 2006ab).
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. the potential role of urban foxes in transmitting rabies (Marks and Bloomfield
1999ab)

. contact rates and disease transmission in feral sheep and goats — temporal and
spatial models of foot and mouth disease (Fleming et al 2000, 2005)

. simulating/modelling pathogen transmission (McCallum et al 2001, Beckett and
Garner 2007)

. hydatidosis and other zoonoses in wild dogs and foxes (Brown and Copeman 2003;
Jenkins 2005, 2006; Allen 2006).

Native wildlife:

Surveys or descriptions of diseases in native wildlife with implications for management and
preparedness:

. zoonoses in flying foxes (Roetgers 2002, Mackenzie et al 2003, Breed et al 2006,
Fields et al 2007)

. sarcoptic mange in wombats (Skerratt 2005)

o zoonoses in white ibis (Epstein et al 2006, McKee et al 2007)

. devil facial tumour disease (Jones et al 2007)

. avian influenza in wild birds (Tracey et al 2004, 2006; Bunn et al 2007)

. hydatidosis in a range of native animals (Jenkins 2006).

The wildlife disease articles mentioned in Section 1.3 of this report are also included in the
reference list in Section 3.3.

Other articles:

. cross-cultural management issues (Thompson 2001, Robinson and Whitehead
2003)

. general biosecurity issues/reviews (Daszak et al 2000; Denney 2001, 2007ab;
Thompson et al 2003, Thornley 2003)

. networks for disease management (Bunn and Woods 2005, Woods and Bunn 2005,
Woolnough et al 2004, Smith et al 2006, Kasbarian et al 2007, McKee et al 2007).

3.3 Reference list from literature search

Australian articles:

Abbott, I. (2006). Mammalian faunal collapse in Western Australia, 1875-1925: the hypothesised
role of epizootic disease and a conceptual model of its origin, introduction, transmission, and
spread. Australian Zoologist 33(4):530-561.

Allen, B. (2006). Urban dingoes (Canis lupus dingo and hybrids) and human hydatid disease
(Echinococcus granulosus) in Queensland, Australia, Proceedings of the 22nd Vertebrate Pest
Conference, Berkeley, California March 6-9 2006, pp. 334-338.

Banks, D. J., Copeman, D. B., Skerratt, L. F. (2006). Echinococcus granulosus in northern Queensland.
2. Ecological determinants of infection in beef cattle. Australian Veterinary Journal 84(9):308-
311.

Beckett, S. and Garner, M. G. (2007). Simulating disease spread within a geographic information
system environment. Veterinaria Italiana 43(3): 595-604.
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Breed, A. C., Field, H. E., Epstein, J. H. and Daszak, P. (2006). Emerging henipaviruses and flying
foxes — Conservation and management perspectives. Biological Conservation 131(2):211-
220.

Brown, B. and Copeman, D. B. (2003). Zoonotic importance of parasites in wild dogs caught in the
vicinity of Townsville. Australian Veterinary Journal 81(11):700-702.

Bunn, C. and Woods, R. (2005). Emerging wildlife diseases — impact on trade, human health and
the environment. Microbiology Australia 26(2):53-55.

Bunn, C., Haynes, L. and Woods, R. (2007). Avian influenza and wild bird surveillance globally
and in Australia 2006/07 — Update. Abstract, Wildlife Diseases Association (Australiasia)
conference, Dryandra Woodland, Western Australia.

Cowled, B. D., Aldenhoven, J., Odeh, I. O. A., Garrett, T., Moran, C. and Lapidge, S. J. (2007). Feral
pig population structuring in the rangelands of eastern Australia: applications for designing
adaptive management units. Conservation Genetics 9(1):211-224.

Cowled, B. D., Gifford, E., Smith, M., Staples, L. and Lapidge, S. J. (2006a). Efficacy of manufactured
PIGOUT baits for localised control of feral pigs in the semi-arid Queensland rangelands. Wildlife
Research 33:427-437.

Cowled, B. D., Lapidge, S. J., Hampton, J. O. and Spencer, P. B. S. (2006b). Measuring the
demographic and genetic effects of pest control in a highly persecuted feral pig population.
Journal of Wildlife Management 706:1690-1697.

Daniels P. W., Halpin, K., Hyatt, A. and Middleton, D. (2007). Infection and disease in reservoir and
spillover hosts: determinants of pathogen emergence. Current Topics in Microbiology and
Immunology 315:113-131.

Daszak, P.,, Cunningham, A. A. and Hyatt, A. D. (2000). Emerging Infectious Diseases of Wildlife
— Threats to Biodiversity and Human Health. Science 287(5452):443-449.

Denny, I. (2007a). Biosecurity, livestock health and the livestock producer. Australian Veterinary
Journal 85(11):N4. (no abstract available)

Denny, I. (2007b). Australia’s emergency animal disease preparedness plan. Australian Veterinary
Journal 85(3):N4. (no abstract available)

Denny, I. (2001). Urgent need for disease awareness. Australian Veterinary Journal 79(4):234. (no
abstract available)

Dexter, N. (2003). Stochastic models of foot and mouth disease in feral pigs in the Australian semi-
arid rangelands. Journal of Applied Ecology 40(2):293-306.

Doran, R. J. and Laffan, S. W. (2005). Simulating the spatial dynamics of foot and mouth disease
outbreaks in feral pigs and livestock in Queensland, Australia, using a susceptible-infected-
recovered cellular automata model. Preventive Veterinary Medicine 70:133-152.

Epstein, J. H., McKee, 1., Shaw, P., Hicks, V., Micalizzi, G., Daszak, P., Kilpatrick, A. M. and Kaufman,
G. (2006). The Australian White Ibis (Threskiornis molucca) as a reservoir of zoonotic and
livestock pathogens. EcoHealth [Published online: http://www.conservationmedicine.org/
papers/Epstein_etal_2006_Ecohealth.pdf]

Field, H. E., Breed, A. C., Shield, J., Hedlefs, R. M., Pittard, K., Pott, B. and Summers, P. M. (2007).
Epidemiological perspectives on Hendra virus infection in horses and flying foxes. Australian
Veterinary Journal 85(7):268-70.

Fleming, P. J. S., Choquenot, D. and Mason, R. J. (2000). Aerial baiting of feral pigs (Sus scrofa)
for the control of exotic disease in the semi-arid rangelands of New South Wales. Wildlife
Research 27(5):531-537.

Fleming, P., McLeod, S. and Tracey, J. (2005). Wildlife, livestock and foot-and-mouth disease: Models
for feral goats and sheep. 13th Australasian Vertebrate Pest Conference, Wellington, New
Zealand p244. [http://www.feral.org.au/feral_documents/fleming.pdf]

Garner, M. G. and Beckett, S. D. (2005). Modelling the spread of foot-and-mouth disease in Australia.
Australian Veterinary Journal 83(12):758-66.

Garner, M. G., Fisher, B. S. and Murray J. G. (2002). Economic aspects of foot and mouth disease:
perspectives of a free country, Australia. Scientific and Technical Review of OIE (Rev. Sci.
Tech. Off. Int. Epiz.) 21 (3):625-635.

Gibbs, S. (2007). West Nile virus — experiences in North America, lessons for Australia? Abstract,

Wildlife Diseases Association (Australiasia) conference, Dryandra Woodland, Western
Australia.
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Gordon, I. J., Hester, A. J. and Festa-Bianchet, M. (2004). The management of wild large herbivores
to meet economic, conservation and environmental objectives. Journal of Applied Ecology
41(6):1021-1031.

Hampton, J. O., Higgs, T., Knight, T. and Spencer, P. B. S. (2005). DNA-based detection of free-ranging
pigs of domestic origin, in Western Australia. Ecological Management & Restoration 6(1):76-
78.

Hampton, J. O., Spencer, P. B. S., Alpers, D. |., Twigg, L. E., Woolnough, A. P., Doust, J., Higgs, T. and
Pluske, J. (2004a). Molecular techniques, wildlife management and the importance of genetic
population structure and dispersal: a case study with feral pigs. Journal of Applied Ecology
41(4):735-743.

Hampton, J., Pluske, J. R. and Spencer, P. B. S. (2004b). A preliminary genetic study of the social
biology of feral pigs in south-western Australia and the implications for management. Wildlife
Research 31(4):375-381.

Hampton, J., Spencer, P. B. S, Elliot, A. D. and Thompson, R. C. A. (2006). Prevalence of
zoonotic pathogens from feral pigs in major public drinking water catchments in Western
Australia. EcoHealth 3(2). [Published online http://www.springerlink.com/content/
n2t27121475377xr/].

Heise-Pavlov, P. M. and Heise-Pavlov, S. R. (2003). Feral pigs in tropical lowland rainforest of
northeastern Australia: Ecology, zoonoses and management. Wildlife Biology 9(s1):21-27.

Hone, J. (2002). Feral pigs in Namadgi National Park: Dynamics, impacts and management. Biological
Conservation 105:231-242.

Jenkins, D. J. (2005). Hydatid control in Australia: where it began, what we have achieved and
where to from here. International Journal for Parasitology 35(7):733-740.

Jenkins, D. J. (2006). Echinococcus granulosus in Australia, widespread and doing well! Parasitology
International 55(1):5203-5206.

Jenkins, D. J., Romig, T. and Thompson, R. C. A. (2005). Emergence/reemergence of Echinococcus
spp. — a global update. International Journal for Parasitology 35:1205-1219.

Jones, M., Jarman, P., Lees, C., Hesterman, H., Hamede, R., Mooney, N., Mann, D., Pukk, C., Bergfeld,
J. and McCallum, H. (2007). Conservation management of Tasmanian devils in the context of an
emerging, extinction-threatening disease: devil facial tumor disease. EcoHealth 4(3):326-337.

Kasbarian, A. J., Ramsay, G. and Flesch, J. (2007). Developing conceptual frameworks to understand
wildlife health in Australia. Abstract, Wildlife Diseases Association (Australiasia) conference,
Dryandra Woodland, Western Australia.

Kriger, K. M., Pereoglou, F. and Hero, J.-M. (2007). Latitudinal variation in the prevalence and intensity
of chytrid (Batrachochytrium dendrobatidis) infection in eastern Australia. Conservation
Biology 21(5):1280-1290.

Krockenberger, M., Stalder, K., Malik, R. and Canfield, P. (2005). Cryptococcosis in Australian Wildlife.
Microbiology Australia 26(2):69-71.

Mackenzie, J. S., Field, H. E., Guyatt, K. J. (2003). Managing emerging diseases borne by fruit
bats (flying foxes), with particular reference to henipaviruses and Australian bat lyssavirus.
Journal of Applied Microbiology 94(s1):59-69.

Marks, C. A. and Bloomfield, T. E. (1999a). Distribution and density estimates for urban foxes (Vulpes
vulpes) in Melbourne: implications for rabies control. Wildlife Research 26(6):763-775.

Marks, C. A. and Bloomfield, T. E. (1999b). Bait uptake by foxes (Vulpes vulpes) in urban Melbourne:
the potential of oral vaccination for rabies control. Wildlife Research 26(6):777-787.

Mason, R. J. and Fleming, P. J. S. (1999a). Serological survey for Brucella antibodies in feral pigs
from eastern Australia. Australian Veterinary Journal 77 (5):331-332.

Mason, R. J. and Fleming, P. J.S. (1999b). Australian hunters and the surveillance of feral pigs for
exotic diseases. Wildlife Society Bulletin 27(2):395-402.

McCallum, H., Barlow, N. and Hone, J. (2001). How should pathogen transmission be modelled?
Trends in Ecology & Evolution 16(6):295-300.

McKee, J. J1., Epstein, J. H. and Shaw, P. P. (2007). Multidisciplinary approaches to managing disease
risk in wildlife: Disease ecology of the Australian white ibis Threskiornis molucca. Abstract,
Wildlife Diseases Association (Australiasia) conference, Dryandra Woodland, Western
Australia.
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Radunz, B. (2006). Surveillance and risk management during the latter stages of eradication:
Experiences from Australia. Veterinary Microbiology 112(2-4):283-290.

Reynolds, D. (2005). Tackling future disease outbreaks. Veterinary Records 157:207. (no abstract
available - Australian article?)

Robinson, C. J. and Whitehead, P. (2003). Cross-cultural management of pest animal damage: A case
study of feral buffalo control in Australia’s Kakadu National Park. Environmental Management
32(4):445-458.

Roetgers, C. (2002). Managing flying-fox colonies in urban areas. Bat Research News 43(1):23.
Special Issue: 10th Australasian Bat Research Conference Cairns, Queensland.

Rubira, R. (2007). Disease control options for emergency animal diseases — necessary yet sensitive
elimination of disease. Veterinaria Italiana 43(2):333-348.

Saunders, G. and McLeod, S. (1999). Predicting home range size from the body mass or population
densities of feral pigs, Sus scrofa (artiodactyla: suidae). Australian Journal of Ecology
24(5):538-543.

Seamark, R. F. (2001). Biotech prospects for the control of introduced mammals in Australia.
Reproduction, Fertility and Development 13(7-8):705-711.

Skerratt, L. F. (2005). Sarcoptes scabiei: an important exotic pathogen of wombats. Microbiology
Australia 26(2):79-81.

Smith, N. C,, Tilley, L., Thompson, R. C. A., Ryan, U. M., Loukas, A., Jenkins, D. and McFadden, G. I.
(2006). An Australian network to support the understanding and control of parasites. Trends
in Parasitology 22(3):97-99.

Speare, R., Thomas, A. D., O’'Shea, P., and Shipton, W. A. (1994). Mucor amphibiorum in the cane
toad, Bufo marinus, in Australia. Journal of Wildlife Diseases 30:399-407.

Spencer, P. B. S. and Hampton, J. O. (2005). Illegal translocation and genetic structure of feral pigs
in Western Australia. Journal of Wildlife Management 69(1):377-384.

Spencer, P. B. S., Hampton, J., Lapidge, S. J., Mitchell, J. and Lee, J. (2006). An assessment of the
genetic diversity and structure within and among populations of wild pigs (Sus scrofa) from
Australia and Papua New Guinea. Journal of Genetics 85(1):63-66.

Spencer, P. B. S., Lapidge, S. J., Hampton, J. O., Pluske, J. R. (2005). The socio-genetic structure of
a controlled feral pig population. Wildlife Research 32:297-304.

Spencer, P. B. and Woolnough A. P. (2004). Size should matter: distribution and genetic considerations
for pest animal management. Ecosystem Management and Restoration 5(3):231-232.
Spratt, D. M. (2005). Neuroangiostrongyliasis: disease in wildlife and humans. Microbiology Australia

26(2):63-64.

Stewart, N. J. and Munday, B. L. (2005). Possible differences in pathogenicity between cane toad-,
frog- and platypus-derived isolates of Mucor amphibiorum, and a platypus-derived isolate of
Mucor circinelloides. Medical Mycology 43(2):127-132.

Thompson, R. C. A. (2001). The future impact of societal and cultural factors on parasitic disease
- some emerging issues. International Journal for Parasitology 31(9):949-959.

Thompson, R. C. A, Owen, I. L., Puana, 1., Banks, D., Davis, T. M. E. and Reid, S. A. (2003). Parasites
and biosecurity — the example of Australia. Trends in Parasitology 19(9):410-416.

Thornley, M. (2003). Aquatic vets guard valuable export industries. Australian Veterinary Journal
81(12):711.

Tracey, J. P, Bunn, C., Warner, S., Zikesch, F. and Saunders, G. R. (2006). How can targeted
surveillance of wild birds improve Australia’s preparedness for HPAI? Proceedings of the 11th
International Symposium on Veterinary Epidemiology and Economics. [Available at http://
www.sciquest.org.nz]

Tracey, J. P.,, Woods, R., Roshier, D., West, P. and Saunders, G. R. (2004). The role of wild birds in the
transmission of avian influenza for Australia: an ecological perspective. Emu 104(2):109-124.

Twigg, L. E., Lowe, T., Everett, M. and Martin, G. (2006). Feral pigs in north-western Australia:
population recovery after 1080 baiting and further control. Wildlife Research 33(5):417.

Twigg, L. E., Lowe, T., Martin, G. and Everett, M. (2005). Feral pigs in north-western Australia: basic
biology, bait consumption, and the efficacy of 1080 baits. Wildlife Research 32(4):281-296.

Woods, R. and Bunn, C. (2005). Wildlife health surveillance in Australia. Microbiology Australia
26(2):56-58.
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Woods, R., Haynes, L. and Bunn, C. (2007). Esperance wild bird mortality event. Abstract, Wildlife
Diseases Association (Australiasia) conference, Dryandra Woodland, Western Australia.

Woolnough, A. P.,, West, P. B., Saunders, G. R. (2004). Institutional knowledge as a tool for pest
animal management. Ecological Management & Restoration 5(3):226-228.

International reviews of note:

Childs, J. E., Mackenzie, J. S. and Richt, J. A. (Eds) (2007). ‘Wildlife and Emerging Zoonotic Diseases:
The Biology, Circumstances and Consequences of Cross-Species Transmission’. Springer
Berlin Heidelberg. Contents available online at http://www.springerlink.com/content/t75657/
?p=ad000dc3fd1240f8838b2581ed88d762&pi=0 (accessed Feb 2008).

Jones, K. E., Patel, N. G., Levy, M. A., Storeygard, A., Balk, D., Gittleman, J. L. and Daszak, P. (2008).
Global trends in emerging infectious diseases. Nature 451:990-993. Abstract available online
at http://www.nature.com/nature/journal/v451/n7181/abs/nature06536.html (accessed
March 2008).

Gortazar, C., Ferroglio, E., Hofle, U., Frélich, K. and Vicente, J. (2007). ‘Diseases shared between
wildlife and livestock: a European perspective’ European Journal of Wildlife Research 53(4):241-
256. Abstract available online at http://www.springerlink.com/content/65642603k145v925/
(accessed Feb 2008).

Lubroth, J. (2006). International cooperation and preparedness in responding to accidental or
deliberate biological disasters: lessons and future directions. Scientific and Technical Review
of OIE (Rev. Sci. Tech. Off. Int. Epiz.) 25(1):361-374. Available online at http://www.oie.
int/eng/publicat/RT/2501/PDF/29-lubroth361-374.pdf (accessed Feb 2008).

Polley, L. (2005). Navigating parasite webs and parasite flow: Emerging and re-emerging parasitic
zoonoses of wildlife origin. International Journal for Parasitology 35(11-12):1279-1294.
Abstract available online with linkinghub.elsevier.com/retrieve/pii/S0020751905002663
(accessed Feb 2008).

Rushton, J. and Upton, M. (2006). Investment in preventing and preparing for biological emergencies
and disasters: social and economic costs of disasters versus costs of surveillance and
response preparedness. Scientific and Technical Review of OIE (Rev. Sci. Tech. Off. Int.
Epiz.) 25(1):375-388. Available online at http://www.oie.int/eng/publicat/rt/2501/PDF/30-
rushton375-388.pdf (accessed Feb 2008).
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4. Research by Cooperative Research Centres (CRCs)

The Invasive Animals (IA) CRC and the Australian Biosecurity (AB) CRC are engaged in
researching animal diseases of concern and implications for pest and wildlife management.

The AB CRC'’s focus is on emerging infectious diseases of humans and animals native to the
Australia/Asia region. The goals of the AB CRC relevant to this report are to:

. develop tools for disease detection and surveillance, and to expand knowledge
of the potential for emerging infectious disease threats to establish and spread
within Australia

. equip people within Australia and the Asia-Pacific region with knowledge and skills
for responding to emerging infectious disease threats.

The AB CRC has a variety of research on diagnostics, surveillance and disease ecology. Wildlife
diseases/agents being studied include: Australian bat lyssavirus, Nipah virus, Hendra virus
(hosted by bats); foot and mouth disease, porcine circovirus (pigs); avian influenza (birds);
West Nile virus, Japanese encephalitis, surra, leptospira, bluetongue disease (many hosts).
Current AB CRC's research projects related to disease preparedness are listed in Appendix 2.

The IA CRC has a less direct focus on disease research per se: its research is primarily aimed at
understanding the behaviour of invasive animals within Australian ecosystems and producing
innovative products (eg baits, toxins, maps) to help manage or control them (and consequently
any diseases they may carry).

One of the goals of the IA CRC is to reduce risk of disease transfer from invasive animals to
livestock and humans. This goal should be achieved by providing management recommendations,
and tools for disease surveillance and containment. Specific aims related to wildlife disease
include:

. collating and disseminating current information on invasive animal diseases
. developing tools for disease surveillance and containment

. ecological and epidemiological studies to improve the management of invasive
species

. developing remote vaccine delivery systems

. risk analysis and modelling to increase knowledge of disease/vector behaviour
and to quantitatively define the risks posed by invasive animal populations.

Current and planned activities of the IA CRC include: national surveys of invasive animal
populations to identify hot spots for disease risks, training programs for operational staff
in regional areas to enhance preparedness for wildlife disease issues, and decision support
systems for invasive animals in disease emergencies. Current IA CRC projects related to
disease preparedness are listed in Appendix 3.
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5. Conclusions

The research outlined in this report has given an indication of the breadth of the topics that
could fall under ‘disease preparedness’. Although a variety of research has been described, the
emphasis of this report was on wildlife diseases in which feral animals are indicated as carriers
or hosts. While basic research into areas such as seroprevalence, pathogen characteristics and
population genetics may not directly relate to disease preparedness, most of this research will
have some application to management in the event of an outbreak.

Many scientific publications on wildlife disease have not been aimed at providing management
recommendations. But evidence-based policy requires researchers to provide answers to
questions that are of interest to policy makers. Disease preparedness could be better served
if researchers explained practical and generic implications of their research, and if policy
makers were made more aware of the importance of such research, as stated by Gortazar et
al (2007):
*... limiting the research effort to the mere reporting of wildlife disease outbreaks is of
limited value if management recommendations are not given at the same time. Thus,
more experimental approaches are needed to produce substantial knowledge that enables
authorities to make targeted management recommendations. This requires policy makers
to be more aware of the value of science and to provide extra funding for the establishment
of multidisciplinary scientific teams.’

WEDPP is well placed to seek research outcomes and implement them into preparedness

policy. It is important the research conducted is relevant, peer reviewed and competently 45
reported. It is essential to ensure that research investments are not lost through a lack of

follow-up evaluation and integration into management strategies.

The IA CRC held a WEDPP-funded workshop in April 2008 to address some of these issues.
Experts from around Australia, including government representatives from agriculture and
environment departments, wildlife veterinarians and university researchers participated. This
report was provided as background information. The summary of the workshop itself, *‘Workshop
Proceedings: Review of wildlife exotic disease preparedness in Australia’ 2, recommends future
directions for disease preparedness research and infrastructure.

2 See http://www.invasiveanimals.com/research/detection_and_prevention/index2345678910.html
(accessed June 2008)

Invasive Animals Cooperative Research




6. Acknowledgements

The author would like to extend thanks to the following people for providing helpful information
and feedback for this report: Glen Saunders (NSW DPI), Ro McFarlane (AB CRC), Rupert Woods
(AWHN), Chris Bunn (WEDPP), John Tracey (NSW DPI), Steven Lapidge (IA CRC), Matt Gentle
(QDPIF) and Melissa Scarlett (WEDPP). Kerryn Molloy is thanked for designing the report cover.

Research on wildlife disease preparedness in Australia




47

'S9}IWO0J pajeulwejuod
‘|lososae ‘spiny Apog

‘yjeap pue bujyosll sasned
‘sjewiue Jayjo ug ‘sbid ainjew
pue s39|61d ul uoleAllRS SSPIXD

pue ‘Buipad ‘eixele ‘saunzias

‘uoissaldap ‘uonnedisuod

Y1anay ‘buizasus ‘buiybnod

pue ‘s39|61d ul Ajijeow
yb1y ‘uoiioge asned ued

'sjed pue 2201w ‘sjiqqed Uasp
‘saxoy ‘syed ‘sbop ‘syeob ‘dosys
317382 Ul 92UBJINID0 djpelods
ybnouy ‘sbid syoayie Ajuie

‘eljedsny
ul punoj JON ‘SaJdnjesadwa)
MO| 3B JUSWUOIIAUR Ul
Isisdad ue) ‘snJinojiaoLIeA
snuab uj sniiasadiay

e ‘snJiA saiqelopnasd

- Salgedopnasd
10 9seas|p s,Aqzsalny

'sally Algissod

*s3onpoud jeaw ‘poo|q pajdajul
‘l10s u| saJods ‘(0319 s19sI(1349)
‘saply ‘joom) syonpoud Jo

"y3e3p 03 Spe?)

'sasJoy pue sjed ‘sbop
‘sbid ‘sjeob pue dasys ‘aj33ed
Buipnpoul ‘sjewiue J13saWop pue

‘A||edipedods

Pa44nd20 sey 3nqg eljesisny ul
uowwodun |1os uj 3sisdad ued
saJods ‘san220 uone|niods Ji
INQ ‘3UBWUOIIAUD Ul 3sistad
jouuRd W04 dAIRIDHIA

S9SSEIJRD Pajdajul YIM J0RJUOD  WeaIIspoo|q ul uoidnpodd uixol  plIM Auew pue suewny S04y 's|pedyjue snjjioeg wniayeg 2 Xedyjuy
‘suebuabpng
pue supjiuew ‘(ysuy ueipjnoo
19)eM pajeulwejuod paJabuepua pue youy eigaz
Bupjup {bunoA 03 pooy 'SSa13sIp Adojedidsal 63) sayouy aAIIRU SI10BUY ‘eljeISny
pajeyibanbal buipasy H3 :93nod ybnouyl yyeap asned ue) 'spdiq Alelae ‘smodleds pue ul puno4 ‘wnjooeayoell
|eJo 3Y3 BIA 30RIU0D 3D34IQ 'Soes Jje s,pJdiq S9SIU0|0d S} suoabid |eiay Aq paried ewo3soulals 'a3iw dniiseled 2}IW Jes Jy

"S>213 ‘sa31wo4
pue jeawbid pajeuiwejuod
‘s|josoJae ‘sjewiue pajoajul

J9AD) DUIMS [BDISSE[D
woJy 3|qeysinbunsipul Ajjestuld
‘ejuownaud pue eaoydielp
‘uoneuiptoodul buipnjoul subis
|ea1ulP Jo AJolIeA B pue upjs
9y3 Jo elwaeaadAy UaAa) ‘sojed
Ajjeyow ybiy asned Aew jeys

‘eljeISNyY

ul punoy jJoN 'sbid paianodau

Ul pue JuUSWUOJIAUS Ul 3sistad
ue) "Ajlwe) aepUIAIRISY Ul
snJIA Ajuo se payisse|d Ajjuadal

U3IM 10B3U0D 10341p ‘spinys Apog aseas|p snoibejuod AjybiH sbid ‘SNJIA JOAD) DUIMS URDLIY DA} DUIMS URDYY
'24n|1ej Jeay pue peay
ay3 punoJe sbujjjoms Jo/pue ‘el|RJISNY Ul pUnoy
swoldwAs Asojedidsad ajnoe JON 'S9sJ0y JO duasqe ay3 ul
uayj pue JaAa) Aq pasiiaioeleyd '9|giadadsns  jusawuoJIAUD BY3 Ul 3sistad ued

‘S109suUl

'S9SJ0Y Ul [RIR} UDYO 9SRISIp
|ediA snoodajul Alybiy

os|e aJe sjeob pue sbop
ybnouyije ‘spinba syoayje Ajuiep

*SNJIAIG4O snudb Jo snuinoad e
‘SNUIA SSBUXDIS SJ0Y URDIIY

27 SSAUDIS 9SI0Y UBD LY

@3}hod uoissiwsued |

swoldwAs aseasiq

PaA|OAUL S|eWIUY

juabe
9seasip JOo sonsideIRY)

aseasiq

S|ewliue aAISeAUl SUIAJOAUI BleJ1SNYy 01 UJa2U09 JO saseasi T Xipuaddy

L
(8]
£
©
Q
(7]
Q

o
Q

2
2
©
£
(]
Qo
o
[o}

(8)

2
(]

E
=

<
Q

2
(7]
©
>

m




‘jusabe

3U3 JO Swoy 3|qIssiwsuely 1o
pajiayul ‘o1pesods Aq os|e
uolssiwsuel} 9|qissod "synpo.d
jeaw pajeuiwejuod Jo uonssbul

‘yieap pue uopelssusbapoinau
anIssalboid sasne)

‘suewny ul (aseasip qoxer
-1p|2Jz3naJ) jueleA) aseasip
Jejiwis 03 paxul| ‘s3ed ‘9)ed

‘ejjeqisny
Ul PuNOj 30N "JUSWUOIIAUS Ul
1sistad ue) *UOLIA 10 ShJIA
e Ajqissod ybnoyyje ‘ausbe
AJ2X1] 3IS0W paJapISu0d uolid

. (3s9) Ayredojeydsdus
wuojibuods auinog

*(aseasip ay3
JO SJI0AJDSDU SE OB ued 9|13ed)
sabpiw Apejnopded ‘syasug

*anbuol ay3 Jo sisoueAd

pue anbuoj pue 2.4 3y3 JO
Buijjams ‘uoijeAl|es SAISSIIXD
4anay ybiy Aq pasiiaioeseyd
Joujw Ajjensn suoidajul 9j33ed
*uoonpoJd Jo sso| 40 yieap
‘uoidoge :syeob pue dasys ui

'paoaye Aj9JaAas 3sow ay3
aJ4e dosys — sjueulwnd sy

‘eljedisny you uj
933D Ul JUISAUd "JUBWUOIIAUD
ul 9|ge3s 10N ‘snuab snuAIgiO

JO snuIAJo3d B ‘snuia anbuojanig

.1 @nbuolan|g

*9|q1ssod os|e
yHiq 03 Joud Bulidsyjo 03 Juaued
w04} uoissiwsuel] *isnp Jayieay

10 S909B) pa3dauUl YIIM JO0RIUOD
‘snJiA Jo uopejeyul Jo uonsabug

'sbuipsau ul sajeu yiesp ybiy
AJ9A 3sned ue) "yijeap |BNUSIAD
pue uoissaiddnsounwuwii
‘S9131WI049p Yeaq ‘sso|

pue AjwJo4op Jayieay

oW WAs aalssalboid
sasne) ‘|ejej 03 |eljuanbasuooul
wo4) abues ued s3109)43

*S)99)110] pue
S003eX200 — saads aupesd

*sjolled

ueljeisny ul peaidsapim si
‘eljeJisny ul pajeulblio aaey o3
sieaddy *aeplIA0DIID) JO UlellS B
‘SNJIA 9SeasIp Jayiea) pue yeag

(9seas|Ip |eJIA0ID BUDeIYISd)
¢ - 9SBISIP Iay3eay pue yeag

*juasald aJe saidads ojinbsow
10309A InQ ‘BljRJISNY U] PUNO)

‘yyesp JON 'sa03inbsow Aqg panle)
'S203}Inbso|  pue ssaudeam ‘elwdeUR SsSNe) 'spdig  "3snodd e ‘wnjoiaa wnipowse|d ele|eW URIAY
‘el|eJIsny ul ajep
0] pPayluapl suled3s Jus|niIAy
‘sajel "JUSWIUOIIAUD Ul sainjesadwa)
Ajjeow ybiy fsj@o poojq jo MoJ e 3sistad ue) "Aijnod
uoneunn|bbe/ buidwnid asned Ul SWJ0J JUSINJIA 0} 93e3nw
ued {swoldwAs walsAs snoaisu ued SpJIq P|IM WOy SulRI3S
‘s|elajew pue uonsabip ‘Alojeuidsau ‘suewny JuU3|NJIAR JRY} PaA3I|ag "snuab

pajeujweluod ‘sjewiue
pa3oa4ul Y3IM 30e3U0D J0341q

9J49A3S 10 swoidwAs pjiw
asned ued -dypads ulens

03 3834Y3 SNIIA TNSH ulens
"Aljinod ‘spaiq piim

v ezuanyuy ul SNIIAOXAWOYLIO
2130U00Z B ‘SNJIA BZUBNUI URIAY

21 BZUSNUI UBIAY

‘sjosoloe
Ajgissod ‘ealjes pajoajul yum
punNoOM JO 30e3U0D 3D3l1g

‘eljeJISny Ul 9seasip
3|qeynou e -sijijeydasus |edia
elA Ajl|eje) uewny asned ued

‘suewny ‘syeg

"eljeJisny ul syeq
SNO0JOAI09SUl pue saxo) BulAly
JO sa10ads |eI9ASS Ul punoy uaaq
SBeH ‘JUSWUOIIAUD Ul 3sistad 03
Al@X1|Un *SnJIA saiqed 03 paje|ad
A19s0|D *snuab snuinessA7

JO snJiAOpgeyd 2130U00Z B
‘sniinessA| Jeq ueljelisny

19seasip
SnJIABSSA| Jeq ueljedisny

93noJd uoissiwsueld ]

swojdwAs aseasiq

PaA|OAUl S|eWIUY

juabe
9seasIp JO sdisLRIRY)D

osesasia

L
s
S
=)
()
=2
<
=
(]
(/)]
Q
[
E°]
(J)
S
©
o
()
S
o
Q
(7]
©
Q
k]
T
()
=
o
S
[ =
(o]
(=
(8]
S
©
Q
(7]
()
o




49

19}eM pajeulwejuod
1o ‘snbuny yim 3023U0D 3DaUIQ

*umouy| 324 jou S| yieap 31soy jo
asned Inqg ‘}Jo-1sed upys buisned
‘us s,60.) ay3 Jo siaAe|
90eJINS 9Y3 sapeaul snbungy
'S19Y30 Ul Ajjeliow 9,007 pue
suone|ndod ueigqiydwe swos

ul syjeap dipelods asned ue)

‘suelqiydwy

‘el|eJisny ul
puNoO4 *JUSWUOIIAUS U] }sIsiad
ue) ‘snbuny pl3AYd ueiqiydwe

se umouy ‘sipiaeqoipusp
wnAydoyoeieg snbung

¢ SISOOAWOIPIIAUD

*S)09sUl pue s|elajew
pajeulweluod ‘sjosolay

sbul||aMs |euUJDIUl WO INDD0
Ajlenjuaaa ued yjeap pue ‘apiy
9y3 ul sdwn| Aq pasialdeley)d
*yjeap 4o uoionpoud ul sso|
SNoLI9S 0} pea| ued ‘aseas|p
upjs |ediA snoibejuod AlybiH

sjeob pue dasays

“eljeJisny

Ul PuNOJ JON "JUSWUOIIAUD

QY3 ul 3sis1ad ue) 'syeob pue
dasys yjoq 024Ul sulel}s aWos
ybnouyaje ‘Ajioypads 3soy-uieis
SMOUYS ‘snJiaxodiide) snuab
Jo snuiaxod e ‘snuia xodude)

(xod 1e0b pue doaays)
2+ Xodude)

*sa|oided snJIA Jo uoljejeyul
‘wnJ3sojod Jo uonsabug

'sppf Jeob ui spjeydasus
‘Aj24ed ‘pue sjuiof ay3 jo
9SeaSIp dIUOJYD dsSned ue)

$38005

“ejjeJqisny
Ul PUNO4 "JUSWUOJIAUD Ul
1sisdad 03 A|YIlun ‘snJiajaua7
snuab jo sniinollad e

‘snuiA siijeydaoua aude)

2 slijeydaoua
/siuyye aude)

'saoided snJiA Jo uoljejeyur

‘uoneulAwap
yim siyjeydsous ‘ejuownaud
‘uoissaiddnsounwwi asned ued

*s9x04 pue sboQ

ejjeJisny ui
puno4 *(saunjesadwa) buizasuy
Jeau ul 3dadXa) JUSWUOIIAUS Ul
1sis1ad 03 ARXI|UN “SNJIAlIGIoN
snuab jo snuinoxAweded

e ‘snJia Jadwaisip auiued

. (soseasip
pajejaJ pue) Jadwalsip auiued

'S9}IWO) Pa3RUIWEIUO0D
‘spinyy Apoq ‘erjeyuab ‘snyaoy 1o
J|ed ‘ejuade|d pajoajul Uaiem Jo
po9) pajeulwejuod Jo uonsabul

B EE
|BJ9ASS 10J B|[20N4Q 91240Xd

ued s|ewiue paJOJU] ‘suewny
ul J9A3) SasNe) ‘sjewjue uj
uononpoJd »|iw padnpad pue
Ajaa4ul ‘buladsyjo pesp Jo
3}eaMm Jo yMiq ‘suoioge sasned

‘suewny 303jul os|e
ued ‘(sisuazipwg) syeob pue
(sins-g) sbid ‘(snyiogeg) s|33ed

‘6861

ul eljeJISNY WO pajedipeld
snjoge'g ‘sainjeladuwal Mo|
1B JUSWUOIIAUD U] pue “iw
pue spiny uopJdoge ‘sadaey
se yons sjelajew djuebuio

ul 3sis1ad ue) ‘sisuajipw’g
pue sins'g ‘snyoqge

eJ/aon4g saads wniayeg

,S1S0||22n.g

*JeaW pajdajul bulpuey
‘s|ellajew pajeulweijuod Jo

*yaeap ‘suebio Jayjo pue
wa3SAs Alojedidsad Ul uoieW.IO)
(ssaosqge) ajp1agn) pue
uoiepews aAlssalboud buisned

‘pue|eaZ M3AN Ul JI0AISSaJ Jofew
S| wnssod |Ielysniqg uejjesisny
*doays pue sjed ‘sbop ‘sasioy

ul ‘Ajjeuoiseddo ‘pue suewny
pue sbid “asp ul aseasip
9sned os|e ued ‘sysoy |edpupd

2002 eljesisny ul ased
payiodad 1seT "JUSWUOIIAUD
ay3 ul 3sistad ue) sinoq

. SIsojnaJagny

uonsabul ‘elsldeq Jo uoneleyUl ‘3seas|p dluoJdyd snoibeiuo) 3y} aJe sao0|eyng pue 313D winli230eqooA ) wniiaoeg aulnog
juabe
93no0J4 uoissiwsuel swoldwAs aseasiq P3A|OAUL SjewuyY 3seasIp jJo sdiIsidloeIRY) aseasiq

L
(8]
£
©
Q
(7]
Q

o
Q

2
2
©
£
(]
Qo
o
[o}

(8)

2
(]

E
=

<
Q

2
(7]
©
>

m




*ShJIA 3y3 Adued 03 ahujuod
Aew sjewiue paJian0day Udiem
pue pooj pajeulweiuod pue
‘s|josoJdae AQ pajjiwsued|

"}994 UO pue yjnow ui sialsl|q
pue J4aA3) ybiy Aq pasiiaioeseyd
*SJ9Y30 ul uondnpoud Jo Ssso|
sasned !sjewjue bunoA ul ybiy
9q Aew Ajijejop “eljesisny

10} Suo[jeRdyIWel DJWOoU0dd
1sabue| ay3 Ajjeiuazod

sey - [e3ej SSWIIDWOS

pue snoibejuod AjybiH

‘s|ewjue 1ayjo awos
pue sjuapod os|e Ing ‘sjewiue
P2J00Y-UBAO0[D S1ae Ajulep

"el|RJISNY Ul pUNOj JON "dWi}
9|qeJapISUOD 10J JUSWUOIIAUD
2y ul 3sis1ad ue) ‘snJiroyaydy
snuab ay3 Jo snuineutodid e
‘SnJIA 9SeasIp ynow pue 1004

.1 9SB3SIP Yjnow pue 3004

*Bulidsyjo 03 uoissiwsuely 04an
Ul ‘ssueJqwiaw esodnwW ybnodyy
10B3U0D J3Y30 Jo Builiqg ‘se3iwoy

pue Jajem pajeuiweiuo)

‘ejwaeue pue ‘ewoydwA|
‘ejwae)na| woJdy yieap pue
uoissaiddnsounwuwi buisned
SnJIA J0 ‘Japued e Bujwooaq
1soy ‘uondajul ayy buiysinbunxs
pue swojdwAs ou buimoys

350y ay3 wouy abueds ued s30a43

*sapads jed abue| os|e ‘sie)

‘eljesisny Ul
puNO4 *jJUBWUOJIAUS U] 3sistad
10U S80Q 'SNJIN0alewLeD)
snuab Jo snJinodjal e

‘SNJIA elwaxNa| aulja4

. BlWaLYN3| aulja4

‘SaueIquUIdW BSOONW
U3aIm 10e3u0d ‘spunom aliq daag

*SuoI3d3ul
oluodyd Ag yyeap buisned
‘Wa)SAS sunwiwl 3yl SV

'saads
1e0 abJe| awos pue syed

‘ejjelisny Ul puno4
*SnJinjua7 snuab Jo snuinodlad B
‘snJiA Aduapyapounwiul] auljaq

¢ (SAlv auld4) swolpuis
Aduapyapounwwl] aulaq

*S9}1WO0J 10 sea| ‘sadaey ‘spinyy
Aj1poq pa3da4ul Y3im 30B3u0D

‘yesp

asned ue) ‘eaoydlelp asnjold
03 Buipes| ‘uonewwepul
|eunsaiul pue ‘(ejuadodnajued
e 31) s||30 poo|q dUYM
Buie|nold Ul 8sealdap sasned

's1eD

“eljeqsny

Ul PUNOH "JUSWIUOIIAUD

Y3 ul 3sistad ue) snuab
snJinonded ayy Jo sniinoated
e ‘snuiA ejuadoxnajued auljaq

- eluadoynajued
10 s[3123us aulRq

'S9}IWO0) pajeulweljuod
‘s|josoJae ‘sjewiue pa3joajul
U3im 30e3U0D 30341d

‘sjewiue bunoA ui Ajjensn
‘Ajl|e3d0W MOT *SUOI3DIIISDI
buioes pue buipasiq woly
9NUAA3J JO SSOT *swoldwAs
1-nY ‘Abaeyis| Usnsy sasned

*SAUOp ‘S9S.J0H

'£00¢

isnbny ejjesisny ul paJinddo
YealqinQ ‘SAep J0j JUSWUOIIAUD
ul 3sis1ad ue) 'y adAL

eZUaNUT JO SNIIAOXAWOYIIO

ue ‘snJiA ezuanjjul auinbg

. ezuanyul sauinb3g

'sas40y

131448 'S931W04 PaleuIWeIu0d
pue ‘sasnjao4 payoge
‘sjewiue pajaajul Y3im 1083u0d
108.41q ‘paniwsuel] Ajjenxas

*uoipoge snoauejuods (Ajpued)
pue Ajlj1a4ul Adesodwa)
‘snJuajn Jo uonewuweul sasne)

*SAa)UOp ‘SasJoH

'086T 3duls
el|RJISNY Ul pUNOJ JON "USWSS Ul
1sisdad ued Ing ‘JUsWUOIIAUD Ul
1sis4ad 03 A|Pxun “siyeyiuabinba

eljaJ0/Ae] wnualoeyg

2 SIIIdW auinba snoibejuo)

*s331woy ‘syonpoud
1e3W pajeulwelu0d ‘sjewiue
P33123)Ul Y3IM 3083U0D 10341g

‘yiesp

(sjewiue bunoA ui Ajenanued)
Ajlensn pue suois|nAuod
‘sSuoIS9| uPS UaA4 sesne)

'sbid

"T96T aduUls eljedysny

Ul punoj JoN "s3npoud jeaw ul
Jsistad ued Ing ‘JUSWUOIIAUD
ul 3sisaad o3 A|PHun
*SNIIAIIS9d snuab Jo snuininey
e ‘SNJIA J9A3) SUIMS [BDISSe|D)

. 19A3) BuIMs |edisse|D)

93noJd uoissiwsueld |

swoldwAs aseasiq

PaA|OAUL S|eWIUY

juabe
9seasIp Jo sdisLdloRIRY)

osesasia

L
s
S
=)
()
=2
<
=
(]
(7))
Q
c
E°]
(J)
S
©
o
()
S
o
Q
(7}
©
Q
k]
T
()
=
o
S
[
(o]
(=
(8]
S
©
Q
(7]
()
o




51

‘s|elsajew
pajeuiwejuod ‘s3oasul

'sapou ydwA| jo buijjoms

pue squli| 3y} JO euwapa0
‘sa|npou upjs Aq pasiialoeleyd
*S9A|RD JO yieap Jo ‘AJijIgap
wodJy sa9sso| uolponpo.d snouss
9sned ue) ‘s[13ed Jo IsessIp
up|s |ediA snoibejuod AlybiH

‘ojeyng Ajgissod pue a13eD

‘eljeqsny
Ul pPunNoj 30N "JUSWUOIIAUD 33
ul 3sis1ad ue) ‘snuiaxodiide)
snuab jo sniiaxod e

‘snJIA aseasip uys Adwni

;1 9SeISIp
upis Adwn

"2ULIN YHM pajeujuejuod
s|elalew ‘spiny Apog

*uoionpoud Y

Jo sso| ‘sjewiue ul syuIq|IIs
pue suolpoqy "siibuiuaw asned
ued ‘aunjie) Asupiy/4aAl| sasned

‘S|ewwew auew
ule}Jad UdAS pue ‘swnssod
‘daays ‘smod ‘sjiqqed 4asp

‘sbop os|e 1nqg ‘sysoy Atewnd
jueyodwi aJe 201w ‘syed ‘sbid
‘sueiqiydwe pue sajindau

‘spaiq ‘(suewny buipnjoul)
S|lewwew jo abuel apIm S}BYY

‘eljelIsny

Ul puno4 "JUSWUOJIAUD

ul 3s1s4ad ue) 's|eJay ul
J|wapud ‘esidsoidar snuab jo
winiaoeq a3aydodids o)3ouooz

. SisoJidsoyda

W J93em ‘pas) pajeuiwejuod
10 ‘sad3ey JO uonsabul

*U0I3094Ul JO Sieah
J91je uayo ‘ebewep |eunsaiul
woJy Buizsem dluodyd sasned

‘doays syoayje

Alutew (dro) utess auIn0
199p pue spljawed

‘syeob ‘ap33ed buidaye Ajuiew
(arg) aseasip s,auyor auiaog

*SuleJ}S SUIAO pue aulnog
J|_J3SnNy Ul SIN22Q "syjuow
|RJOADS 10J JUBWIUOIIAUD SPISINO
ul (Ajdiainw jou InqQ) 3sisiad ued

INg saulIsalul [ewiue ul Ajuiew

sapisay 'sisojnaiaqnieled
winli230eqooAy wniiaeg

aseasip s,auyor

'S203INbso

'S9SJ0y pue suewny
I siljeydaoua |ejes 10 919A3S
asned ue) "sbid ul BunoA yeam

‘syMiq||ias ‘suoiploge sasne)

'sbouy

pue saxeus ‘sjuapod ‘syed ‘sbop
‘syeob ‘dosys ‘sj33ed Ul UNd20
suol309jul Juaseddeun 'pajoalie
JSOW suewny pue S3sI0H ‘ShJIA
93 JO SJI0AJIDSAI UulewW dJe

spJiq 493em pue sbid opnsswoq

‘8661 eljelysny

uJayllou Jey pue ‘spue|st

}eJ3S Sa440] Ul paJinddQ

*1SOY 9PISIN0 JUSWIUOIIAUD

ul 3sisdad jouue) *snuab
SNJIAIAB[H JO 'SNUIAIARS D130U00Z
e ‘snJiA siyljeydaoua asaueder

21 Si}jeydaoua asaueder

*s09e) ‘syonpoud jeaw
Mmed u| aeAde|/sbba jo uonsabug

‘yiesp
asned ue) °sisoy aje|palliaiul
Jo suebuo |eudajul ay3 ul S3SAD

plepAy Jo uopew.loy sasne)

‘suewny ‘sjewiue

»001SaAl| ‘syequiom ‘soolebuey
‘salqe||em :s3soy a31elpawiaiul
S1094Je aseasiq "Saxo) pue sbop
Apdewiad age sysoy aARIuyaQg

‘eljedisny
ul punoj si snsojnuelb 3
*JUBWIUOJIAUD B3 Ul 3sistad
ued sbb3 snosooourysg snuab
JO aeAle| wiomade)] oniseded

(s1s022000uIyd3y
0s|e) ;sisoplyepAH

‘s|elIajew pajeuiwejuod
Y3m 30e3U0D ‘spinyy Apog

‘s|ewiue d13saWwop
ul yiesp pue ssau||l sasned)

‘suewny ‘syed ‘sjeq ‘sasJoH

“eljeJisny
Ul puno4 *JUSWUOIIAUD Ul
1sis4ad jouue) *(soxo4 bulAy)
s1eq 3inJ4 ul puno4 ‘snuab
snJinedjusH ui sniinoxAweded
D[30U00Z B ‘SnuUIA eJpudH

(snJaiAljjIgdow auinba)
9SeasIp SNJUIA BIpUDH

93noJ uoissiwsueld |

swoldwAs aseasiq

POAjOAUl SjRWIUY

juabe
3seasip jJo sdiIsidloeIRY)

aseasiq

L
(8]
£
©
Q
(7]
Q

o
Q

2

2
©
£
(]
Qo
o
[o}

(&)

2
(]

E
=

<
Q

2
(7]
©
>

m




'S)213 AQ peauds os|y ‘jeaw
‘loom ‘spinyy Apog pajoajul yim
30RU0D ‘BlI93OR(] JO UoIR|RYUT

‘yiesp

pue ‘spiedsy ‘(eluownaud
63) swajqoid A1ojeuidsal
‘swa|qoid [eunsajulodiseb
asned ue) ‘swoldwAs |
-N|} S9SNEd AJUOWIWO0D ISO

‘suewny pue
sbop ‘sjed ‘syeob ‘deoays ‘s;pred

‘ejjelisny uj puno4q
*JUSWIUOJIAUD 3Y3 Ul 3sisiad

ued “(J122 3|buls yum pajodul
QW03 ued) plHOM Byj Ul
9SeaSIp SNOI3D34Ul SO ‘/139udng
e[/21X0) WnI93deg 2130U007

2 d9A3) O

's)onp A|qIssod ‘synpoad
jeawW ‘uolssiwsuel) 0Jain ul
‘spiny Apoq ‘sjosoJae ‘sjewiue
pa323jul YiIm 30R3U0D J03lIg

*(sbid BunoA ui Ajjepadsa)
sajed yjeap ybiy pue aseasip
Adojedidsal a19A3s ‘sajed
Bbuiyniq patamol ‘sbid deam pue
uloq||i3s ‘suoipioge asned ue)

*pa3da4ul
awo023q os|e ued syanqg ‘sbid

*el|eJISNy Ul punoy
JON "JUSWUOJIAUD 3SIoW Ul
1sis1ad Aely *SnJiaLId1y snuab
Ul SNJIAIRME ue ‘(snJiA Jea-an|q
10) snuIA swoupuAs Alojeaidsau
pue aAidNnpoudal aullod

; dWOJpUAs Aiojeuidsad
pue aAlNposdal auplod

*spiny Apoq ‘s|josodae ‘sjewiue
pPa303jul Y3im 30e3U0D 3DaJIg

*daays ueyy A|24aA3s alow
s3eob s109))y ‘suollioge sasned
0S|y "yieap pue ‘Aia3uasAp

10 Ba0ylle|p 9J9A3S ‘Suolsa|
yinow D130403U 4934 sasne)

199p pue sbid
‘311382 A|qIssod dasys ‘sjeon

‘e||RJISNY Ul pUNOy
J0N "2Jnjetadwal Mo| Je Jeaw
uj 3sisiad ued InQ ‘JUBWIUOIIAUD
ul 3sisdad Jouue)) "SnJIAl[IGIOp
snuab Jo sniinoxAweded e ‘snuia
sjueulwnJ sy3ad sap 93s9d

. (enbe|d jeob
0s|e) sjueulwnJ syi3ad sap 93s9d

"spiny Apog

*yjeap pue spijeydaosus

03 ssalboud ued Jo swordwAs
eZUDNJUI ‘suewny uj ‘sjewiue
ul Ajljeow moj ‘swoldwAs
|ea160j04nau pue ‘ssaJisip
AJdojeaidsal @3noe sasne)

‘suewny ‘sjeq ‘sbid

‘ejjeqsny

Ul PuNOj 30N "JUSWUOIIAUS Ul
31sisdad jouue) *(soxoj buiAy)
sjeq }nJ4 ul punod ‘snuab
snJinedjuaH ul snijaoxAweaed
oouooz e ‘sniia yediN

,oseasIp sniiA yediN

‘S|eliolew pajeuiweljuod
‘s|josoJae ‘sjewiue pa3joaul
U3im 30e3u0d 30341d

‘sajel
Ajileyow ybiy !sj93 pooiq jo
uoneunn|bbe/ buidwnid asned
ued !swojdwAs waisAs snoAIdU
pue uonsabip ‘A1ojedidsau
9J49A3S 10 swoidwAs pjiw

9sned ued — dyads ujens

‘suewny sjoaje
AIPIIW “Au3nod ‘spaiq piim

‘eljeJisny
Ul puno4 *JUSWUOJIAUD U]
a|geisun ‘snuab snuaeingny
ul snJinoxAweded 2130u00z

e ‘SnJIA 9SeasIp 9[3SeIMIN

2 9Seas|p
313sEIMBN

Jsoy onewoldwAse ue aq 03
Jeadde sjeq !sbid ul saiiwI0Op
pue sypMiq uloqg [|13s ‘suewny

‘ejjeJdisny
Ul PUNO4 "JUSWUOJIAUD Ul
1sisdad jouue) *(saxoy bulAy)
sjeq }nJ4 Ul punod ‘snuab
snuiaeingny Ui sniinoxAwelded

'spiny Apog ul swoldwAs ¥1|-n}y sasne) ‘suewny pue syeq ‘sbid 2130U00Z B ‘snJIA 3|BuBUDy ; 9SB3SIP SNJIA 9|bueud|y
"Ayjeyey
JO sosed aley ‘swoldwAs ‘el|RJISNY U] IN2D0 0}
|ed160jo4nau 10 ‘ORyMe 'suewny s}o94je aseasiq WIS 30U S0P 3N ‘ASIDA0J3U0D
‘oe|pJeD 9AJ0AUl S9be)S Jaje| "dasys pue ‘sbop ‘s[33ed awos eyfalog snuab jo
'9119 o1} Ag pue ‘suoisa] Ups asned ue) 129p AQ Ajdewd panae) elia10eq 239ydodids d2130u007 9seasIp dWA]

93noJd uoissiwsueld |

swoldwAs aseasiq

PaA|OAUL S|eWIUY

juabe
9seasIp Jo sdisLloRIRY)

osesasia

L
s
S
=)
()
=2
<
=
(]
(/)]
Q
[
E°]
(J)
S
©
o
()
S
o
Q
(7}
©
Q
k]
T
()
=
o
S
[ =
o
(=
(8]
S
©
Q
(7]
()
o




53

‘|lelajew
pajeulweluod pue sjewiue
Pa303jUl YIIM 30BIU0D 103.Ip
pue ‘pooy pa3da4ul Jo uoisabug

*uoizonpoud

U] SSO| S9sne) "9seas|p yinow
-pue-1004 wodly 9|geysinbunsipul
Ajjeaiulpd :sjeay pue ‘3934 ‘anous
39Ul UO pue yinow ayj ul sia3sl|q
pue JaA3) AQ pasiiajoeleyd
‘snoibejuod AjybiH

*J0ejUO0D Ul 3[13eD pue dasys
os|e Inq ‘sbid buiyoayie Ajuie

‘el|RJISNY Ul pUNoy JON ‘jeaw
pajeuIWRIU0D JO JUSWUOIIAUD

ul Juaisisiad AlybiH ~snuab
SnJiA0Ja3ug Ul snaiAeuloold e
‘SNJIA 9SB3SIp JBNJISOA BUIMS

21 9SBISIP JB|NJISIA SUIMS

'pooiq
pajeuljwejuod ‘syeq aJdidwea
‘(spluege] Ajjeinadsa) sall4

"yiesp 03 buipes|
‘swoldwAs Jayjo pue ejwaeue
‘sso| 3ybrom 4anay sasne)

's3ed pue sbop ‘sjpwed
‘SA9)UOp ‘sS9S10Y Ul 9I9A3S 1SON
‘po3oaye sisoy jo abueds spim

"eljeJISny Ul punoy 10N
"JUsWIUOIIAUS U 3sIstad jouue)
'IsueAd ewosouedAl ajiseled

. eauns

*suof3ipuod |eaidody 3siow

ul pides g ued uolssiwsuel|
'S|ewliue pajdae Yjim JoRju0d
30941p ‘S9ll} WIOM MBIDS

“yesp
saw3aWwos pue uoionpodd jo
SSO| 03 pe3| SPUNOM pajeaJiun

‘S|ewiue papoojg-ulem ||y

*e||RJISNY Ul punoy
JON ‘spunom uado jo ysa} ojul
Bbuimouung sajiseled a3ebijqo
aJe (eueizzaq eAwosAiyD)

Al wIoM Ma1ds Jo senle]

21 Al waom mauos

'S9]IW0) PIIRUILIRIUOD
Ajgissod ‘ejuaoe|d 40 wa3isAs
SNOAJSU |BJ3udd Jo synpoud
woJj os|e ‘bulidsyjo 03 Joyjow
w04} pajyiwisued) Ajuewid

‘yieap pue uopelssusbapoinau
anIssalboud sasne)

sjeob pue dasys

"(2G6T 2dUls) eljedisny ul punoy
JON 239 S9SSEIJeD ‘JUBIUOIIAUD
ul spoad Buoj 4oy 3sisiad ued
'JSg Se uoljoe Jo apow Jejiwis
‘(u13304d 3s0y padayje) uoLd

. aideuads

"sasseo.ed payayul Bupes pue
Slewiue pajdajul Yiim J0e3U0D
3s0J2 ‘SnJIA Jo uonejeyul

‘Ajjjeow ybiy pue ‘sisotdau
ploydwA| ‘esoyielp ‘suoisots
|ed0 UaAa4 AQ pasiialoeleyd
‘snoibejuod AjybiH

"9|ned
Alulew ‘sjewiue pajooy-uano|d

‘eljelisny
Ul punoj jJoN ‘ainjesadwal Moj
je jesw Ul S3SISt9d ‘933ed Jo
2oUdsqge ay3 Ul 40 ‘JUBWIUOJIAUD
ul 3s1s49d J0uU S20Q “SNUIAIIGION
snuab Jo sniinoxAweled

e ‘snJiA 3sadispury

< 359d19pury

‘Ajljleow Jo sajed

(9%T) MO| AJDA Upm ‘ssaulizzip
pue uaA3j) Aq pasiaioeleyd

S| @seasIp ayj ‘suewny ul
‘S|jewiue pajajul bBunoA jo
yiesp pue ‘uoipoqge %007 Jesau

'suewny

‘eljeqsny

ul punoy JoN ‘s@03inbsow
ul 3sistad 03 9|qy ‘snuab
SNJIA0GaJyd 30 sniiaeAung

s203Inbsoly AQ sjueulwng U] pasialeIRy)  puk sjueulwnd buioaye Ajulep 2130U00Z e 4aA3) A3||ep WY 2 119N34 A3j1en UIY
‘eljeqsny
Ul punoj 30N "3soy apisino
JUSWIUOIIAUD Ul 3sIstad jouue)
‘yaeap 'sJa1ded poob ale saxo)  'sisoy jo abued 103 Buidsyul Jo
940499 AJIADE passaldap ‘3ainb pue sjeq ‘sboq ‘Ayjigqndassns  3|geded ||13s INg ‘3soy JI0AIDSD
*(s211q 10 SnowINy HGIYXD ue) "AJ|RHOW  JUDJIp dARY Sa1dads Jualdaylp  9|buls e 0] oydads ale sjuelIeA

U3IM SIN220 Se) eAljes pajdajul

ybiy pue (ewod pue sisAjesed

ng ‘suewny buipnpul

anbiun *snuab snuiaessA7 ul

UM punom ysalj jo pejuo) 03 buipes|) siijeydsous sasne) ‘s|ewiue papoo|g-wJiem |y snJinopgeyd e ‘snuia saigey ; salgey
juabe
93no0J4 uoissiwsuel swoldwAs aseasiq P3A|OAUL SjewuyY 3seasIp jJo sdiIsidloeIRY) aseasiq

L
(8]
£
©
Q
(7]
Q

o
Q

2
2
©
£
(]
Qo
o
[o}

(8)

2
(]

E
=

<
Q

2
(7]
©
>

m




'95BaSIp SIY] J0J USIIIIM U3 Sey ue|d Juswaleqy 1eadyl v '€
*(9seasip pa3sl|-310) uonesiueblo YijesH PHOM SY3 03 9|qeyilou S| 9sessip SIyL 'z

"2seasIp SIY3 Joj Usnlim usaqg sey Abajelis aseasig NV 1d1IASNY UY 'T

'S203Inbsop|

*spjijeydsoua Jo spibujusw
3|IN IS9M paW.Ia] aseasip
SAISBAUIOINBU B 9Shed ue)

‘syqqed

pue sjeq ‘sjed ‘sbop ‘sasioy
‘suewiny 309juUl 03 UMOU| SI
INq ‘spdiq sy34ul Ajewlld

‘el|RJISNY Ul punoy
J0N ‘suoibai sjesadway pue
|eaidoJy yaoq ui puno4 *xajdwod
oluabniue (3r) spieydadus
9saueder ayj jo Med ‘snuab
SnJiAIAB[H JO ‘SNUIAIARY
J130U00Z B ‘SNnJIA 3|IN ISOM

(2SBISIP JIN 1S9M

‘S|eliajew pajeuiwejuod
pue s3asul Agq ‘suoiss| 10
BAI[_S U3IM 3DB3U0D 3031

'S3jea) pue ‘sanooy

‘s|143sou ‘ynow ay3 punoJte
pue uj suolss| a1|-193s1|q
pue J4aA3) AQ pasiialoeleyd
*Ajl|leow MO| pue sasso|
uononpoad juedylubis sasne)

sjeob pue daays A|qissod
pue ‘sa1dads a4l|p|Im Jay3o
‘suewny ‘sbid ‘sasioy ‘sj33eD

*e||eJISNY Ul punoy
JON "S309SUl Ul paulejulew aq
Aew 1ng ‘3uswuodiAud Ul 3sisiad
jouue) ‘snuab snuino/noIsap

Ul snJlAopgeyd 2130uU00z e

‘SNJIA S1313_WO3IS JR|NDISIA

71 SIRWOIS
Je|NDISaA

*921| Ajgissod pue sjewjue
Pa3994ul Y}IM J0RJUOD 303UIp
‘poo4 pajeulwejuod jo uoisabug

‘uoneioe| Jo
uonessad pue s3a|61d Jo yyeap
‘uoipoge 03 anp uoionpoud uj

SSO| sasne) "aseas|p yjnow
-pue-1004 WoJj d|geysinbunsipul
:13NOUS pue 393} UO SJ)SI|q
|njuied pue JaA3) AQ
pasiiaoeIRryd ‘snoosjul AjybiH

‘SA3uOp pue ojeyng ui punoj
ua9( sey Ing ‘s|ewwew aulew
pue sbid buiyoaye Ajuiep

‘eljesisny

Ul pUnoy J0N "USY 10 Ysy|lays
9Q 01 paAal|aq sisoy |einjeN
*'snuab snJjAIED Ul SNUIAIDIRD
e ‘SNJIA BWSYIUBXS JB|NJISSA

1 BLUSYIUBXS Je|ndISaA

'9seasIp ay3 pealds os|e Aew
SnJIA ay3 bulAuued Ajpaissed
sbujjiels ‘saxoy ‘syed ‘sboqg
'sall} asnoy AQ uoissiwsued)

|eorueyISy M|lw ‘snoonw
|eseu ‘sadaey pajeulweu0d
Jo uolje|eyul/uonsabul

*yaeap ‘Buniwion
pue eaoydielp asnjold sasned

*sBid

‘eljelIsny

Ul punoj JON 'SassedJed ul

pue ‘saunjeiadwa) moj je
Aljleioadsa “quawiuodiAud Ul
1sis4ad ue) ‘snuab snuiaeuolo)
Ul SNJIABUOIOD B ‘SnJIA
s|31ujua043seb a|gissiwsued]

2 SiIajuUa0.43seb 3|qIssiwsuel]

‘buridsyjo

0} uolssiwsuely |euoijeisab
191em pajeulwejuod ‘sadaey jed
‘syonpoud jeaw med Jo uonsabug

‘s|eldnsiew uejjeaisny ul

yieap JO 9sned uowwo) 'sjjnpe
pasiwo.adwodounwiwi ejey
9q ueD ‘syMiq|ins ‘uonJoge
!S9Aa pue UaA|| ‘peay ay3 ul
sJopJosip ‘saseas|p 2160j04nau
‘spjljeydaous asned ue)

‘suewny pue sjewweuw
AU ‘¥003s3Al| buipnipul
s|ewiue Auew s3joa9)je 9seasiq
Jj0Ad9sad Adewiud aue sje)

“eljeqsny
Ul puNO4 “3USWUOIIAUD U]
1sisdad ued s1sA) “ipuob

ewsejdoxoj ueozojoid oniseled

sisowse|doxo]

93noJd uoissiwsueld ]

swojdwAs aseasiq

PaA|OAUl S|eWIUY

juabe
9seasIp JO sdisLRIRY)D

osesasia

L
s
S
=)
()
=2
<
=
(]
(/)]
Q
[
E°]
(J)
S
©
o
()
S
o
Q
(7]
©
Q
k]
T
()
=
o
S
[ =
(o]
(=
(8]
S
©
Q
(7]
()
o




Appendix 2: Australian Biosecurity CRC projects

Accessed from the AB CRC website (see http://wwwl.abcrc.org.au/uploads/15387f71-b114-
48ea-bbb3-ae9085c7e93e/docs/ResearchPortfolio311007.pdf).

Technologies to enhance detection

To develop new and improved detection methods for significant emerging infectious disease
threats through:

10.

11.

12.

13.

14.

15.

16.

. novel diagnostic techniques
. rapid multiplex detection and characterisation systems.

Development of diagnostic capabilities for influenza H5N1 isolates
Molecular detection systems for emergency diseases

Development of a serological test to detect SARS coronavirus antibody in different
animal species

Enhanced methods of virus detection using biosensors and signal amplification and
control via supramolecular chemistry

Application of new platform technologies for the development of protein based rapid
multi-analyte detection tests

Evaluation of rapid molecular detection and characterisation systems for surveillance of
arboviruses circulating in northern Australia

Development of tools to improve surveillance for surra
Selection and validation of diagnostic assays for the detection of Henipaviruses

Rapid characterisation of unknown viruses using microarray hybridisation and PCR-
Select Subtraction

Advanced detection platforms: Use of real-time immuno-PCR and conjugated peptide
nucleic acid

Evaluation of rapid molecular detection and characterisation systems for risk evaluation
of unknown viruses isolated in Australia

Multiplex macro-array based identification of flaviviruses
Immunological methods to detect exotic virulent strains of West Nile virus

Antigenicity studies and development of multiplex tools for foot-and-mouth disease
virus

Development and production of immunological reagents and tests for emerging
infectious diseases using recombinant antibody technology

An evaluation of the efficacy of rabies vaccines to protect against Australian bat
lyssavirus
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17. Porcine circovirus Type 2 and post-weaning multisystemic wasting syndrome in
Australian pigs

18. Developing diagnostic tools for pteropid bat serology

19. Development of a multiplexed, Luminex-based approach to diagnosis and serological
identification of acute human zoonotic and arboviral infections of public health
importance to Australia

20. Rapid diagnosis of known and emerging avian influenzas with human health
implications.

Ecology of emerging infectious diseases

To elaborate the disease ecology of prioritised emerging infectious disease threats through the
study of:

. host range and interactions
. modes of transmission, maintenance and dispersal.

1. Assessment of the risk of introduction of Nipah virus to Australia via flying foxes

2. West Nile virus susceptibility and transmission studies in Australian avifauna

3. Investigations of SARS-like coronaviruses in bats

4. Investigation of the ecology of bat variant SARS coronavirus (bSCV) in nature and in

live animal markets

5. Studies of the potential colonisation and establishment of Aedes albopictus (Asian tiger
mosquito) as an arbovirus vector in Australia

6. Patterns of emergence of infectious diseases in the Australian region
7. Australian Leishmania [a trypanosome that causes leishmaniasis] lifecycle investigation
8. Transmission dynamics of emerging pathogenic Leptospira [causing the zoonotic

disease Leptospirosis] species in an ecological community reservoir

Advanced surveillance systems

To develop new disease surveillance support tools and systems to provide an improved scientific
basis for decision making by disease control authorities through:

. efficient data collection
. improved data management
. better decision-making tools.

1. Estimation of prevalence from pooled samples
2. ASEAN: Emerging & resurging infections: Surveillance and Response Program
3. Using algorithms based on routine surveillance and GIS to identify and monitor

outbreaks of human disease

4, Quantification of confidence in disease freedom

Research on wildlife disease preparedness in Australia




10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Mosquito-based surveillance systems for Japanese encephalitis and West Nile virus,
with a risk assessment for West Nile virus in eastern Australia

Advanced surveillance systems - Electronic data collection and decision support

Peri-urban regional surveillance for biosecurity for the pig industry in eastern
Australia

Improving bluetongue virus surveillance in remote areas
Adding value to livestock movement data
Enhancement of remote area surveillance systems throughout Australia

MLA: Annual seroprevalence survey for bluetongue antibodies in the surveillance zone
of the Northern Territory and Queensland

Spatio-temporal assessment of bluetongue virus and Murray Valley encephalitis host
and vector dynamics — Proposal development

MLA: Evaluation of Australia’s ability to rapidly implement surveillance requiring
post mortem sampling under a range of conditions, using transmissible spongiform
encephalopathies (TSEs) as an example

ACIAR: The development of sustainable surveillance systems for endemic and exotic
diseases in Indonesia

ACIAR: The epidemiology, pathogenesis and control of highly pathogenic avian influenza
in ducks in Indonesia and Vietnam

Producer perspectives on reporting diseases in Western Australia
Producer perspectives on the management of cattle health and disease
Epidemiology of avian influenza in aquatic birds in northern Queensland
A risk assessment for West Nile virus in eastern Australia

Development of a syndromic surveillance system for remote area cattle production
systems in Australia

Embedded platform for the Bovine Syndromic Surveillance System

Peri-urban and remote regional surveillance for biosecurity within the pig industry in
eastern Australia

The utilisation of remote sensing and spatial modelling for predicting Murray Valley
encephalitis activity in Western Australia

Using hospital data for syndromic surveillance

Epidemiological studies to support the establishment of a free zone for foot-and
mouth disease and classical swine fever in the lower Mekong region of Cambodia and
Vietnam

Epidemiological studies to support the establishment of a progressive foot-and mouth
disease zoning approach in Myanmar
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27.

28.

29.

30.

31.

32.
33.

34.

35.

36.

The development and evaluation of a risk-based strategy for surveillance and rapid
response to foot-and-mouth disease in Indonesia

Development of a model for the utilisation of commercial and recreational hunting for
surveillance of feral and wildlife species

Building capacity to model emerging disease threats in the intensive livestock
industries

Cultural and social factors affecting the management of sheep health and disease

Animal health communication in the control and eradication of epizootic and zoonotic
diseases

Trypanosoma evansi in agile wallabies (Macropus agillis)

Minimum requirements for an early warning system for epidemic-prone diseases in
resource poor countries

Risk assessment of transmission of H5N1lavian influenza by wild birds to domestic
animals in Thailand

The role of ducks and waterfowl in the epidemiology and ecology of H5N1

Studies on the epidemiology, pathogenesis and control of highly pathogenic avian
influenza (H5N1) in ducks in Vietnam

Research on wildlife disease preparedness in Australia




Appendix 3: Invasive Animals CRC projects

Current IA CRC projects aim to:

. improve national information systems and information dissemination (see 1,2 in
list below)

. conduct ecological and epidemiological studies (3-9)

. quantify and prioritise disease risks using ecological and disease modelling
(10-13)

. develop strategies for detecting and mitigating the risk of disease spreading from
invasive species (14-20).

More information on these projects is available on the IA CRC website (http://www.
invasiveanimals.com).

National information systems and information dissemination
1. National mapping of invasive animal distribution and abundance

2. Review of the Wildlife Exotic Disease Preparedness Program 1999-2007

Ecological and epidemiological studies

3. Improving our understanding of the role of wild birds in the epidemiology of avian 59
diseases

4. Detecting avian influenza in wild birds in New South Wales

5. Feral pig population structuring in the rangelands of eastern Australia: applications for

designing adaptive management units for the control of foot-and-mouth disease

6. Surveillance for exotic diseases and baiting/control of feral pigs

7. Understanding and mitigating domestic pig and wildlife interactions
8. Genetic structure of Australo-Indonesian waterbird populations

9. The spatial ecology and zoonoses of urban dingoes

Quantifying and prioritising disease risks using ecological and disease modelling and
existing risk assessment frameworks

10. Validating and refining risk assessment models — aims to test and improve current
risk assessment models for a large range of (potentially and actual) imported invasive
animals

11. Risk based surveillance for avian influenza in wild birds

12. Movements of anatids and relevance for avian diseases in Australasia

13. Investigating the prevalence, life cycle and risk to cattle and wildlife of Neospora
caninum
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Strategies for detecting and mitigating the risk of disease spreading from invasive

species

14. Demonstrating use of avicide for starling management in piggeries — aims include to
reduce disease threat from starlings

15. Feasibility of delivering oral liquid vaccines or contraceptives to feral pigs.

16. Minimising the impacts (including disease transmission) of feral pigs using PIGOUT®

17. Delivery of BCG vaccines to badgers for the control of bovine tuberculosis

18. National genotyping facility — DNA methods to detect presence of invasive animals
from trace samples

19. A novel molecular-ecology approach to ascertaining emigration/immigration and
potential disease spread in feral pigs

20. Control of rodent infestations in intensive crops, industrial and island situations —

reducing risks of rodent diseases in domestic storage and intensive livestock facilities.
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