Friday 5 December 2003

Symposium

Rabbits and Rabbit Haemorrhagic Disease (RHD): disseminating genetically modified organisms (GMOs) and conflicting international objectives

Lecture Room A2

8:00am – 12:10pm

Friday 5 December: morning (Lecture room A2)

Rabbits and RHD: disseminating GMOs and conflicting international objectives

Chairs:  Robert Henzell, Brian Cooke, Elaine Murphy and Tony Peacock

	0800 – 0820
	TROUT, R.C.  Loved and hated: the differing pressures on managing the rabbit in Europe.

	0820 – 0840
	HENZELL, R.P.; Cooke, B.D.  Rabbits in Australia: RHD and the need for further biocontrol using disseminating GMOs.

	0840 – 0900
	BARCENA, J.; Ramirez, M.A.; Morales, M.; Sanchez-Vizcaino, J.M.;  Torres, J.M.  Recombinant transmissible vaccine against myxomatosis and rabbit hemorrhagic disease for wild rabbit populations.

	0900 – 0920
	REDDIEX, B.; Frampton, C.M.; Hickling, G.J.; Norbury, G.L.; Parkes, J.P.  Effect of rabbit haemorrhagic disease on rabbit population demography in three climatically diverse regions of New Zealand.

	0920 – 0940
	COWAN, P.E.  Environmental and agricultural damage caused by possums in New Zealand.

	0940 – 1000
	RALSTON, M.J.; Grant, W.N.; Cowan, P.E.  Parasites – possibilities for control of introduced Australian brushtail possums.

	1000 – 1030
	Morning tea

	1030 – 1050
	GRANT, W.N.; Skinner, S.; Newton-Howes, J.S.; Shoemaker, C.B.  Transgenic nematode parasites as GMO biological control vectors for the brushtail possum in New Zealand.

	1050 – 1110
	WILLIAMS, C.K.  Risk of exporting a genetically modified immunocontraceptive virus in mice Mus ‘musculus-domesticus’.

	1110 – 1130
	HENZELL, R.P.  Building safety into disseminating GMOs used to manage wild animals.

	1130 – 1150
	MURPHY, E.C.; Dall, D.J.; Henzell, R.P.  International implications of using disseminating GMOs for vertebrate pest control.

	1150 – 1210
	General Discussion


TROUT, R.C. XE "TROUT, R.C." 
Woodland Ecology Branch, Forest Research, Alice Holt Lodge, Wrecclesham, Farnham, Surrey GU10 4LH  UK.

Loved and hated; the differing pressures on managing the rabbit in Europe

The attitude towards the wild rabbit (Oryctolagus cuniculus) in Europe varies.  At one extreme it is an abundant costly pest to be severely reduced in number in order to prevent damage to crops and trees in the UK. In other countries it is an extremely important game quarry for hunters. At the other extreme the active translocation of rabbits into parts of Spain without rabbits [because of RHD] is used in order to preserve rare carnivore species that depend primarily on rabbits as prey. This paper shows the different ecological roles of the rabbit, the impacts of important diseases such as myxomatosis and RHD and the relationships with man in Europe. At both extremes of the perceived problem, laboratory research is looking towards novel ways to further the general objective of their own country. Work is under way in England towards a viable self-induced species specific reproductive inhibition mechanism that can be used on bait.  In Spain, the production of a GMO vaccine, based on a weak strain of myxomatosis virus with an RHDV insert has already had a field trial.  Should this work as anticipated in the home country but escape, the effect of the above advance on the rabbit situation in some other countries gives great cause for concern. The paper describes how, should the technique reach another country, the local rabbit situation could be made much more serious for government, farmers and conservationists. Given the recent spread of rabbit diseases through the world, the likelihood of this happening is great.
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Rabbits in Australia: RHD and the need for further biocontrol using disseminating GMOs

Wild rabbits (Oryctolagus cuniculus) were introduced in Australia in 1859. They became major pests, causing agricultural and pastoral losses and reducing biodiversity in the southern two-thirds of Australia. Major reductions in their numbers resulted from the introduction of myxomatosis in the 1950s, the development of effective techniques for poisoning, warren ripping and fumigation, and the introduction of rabbit haemorrhagic disease (RHD) in 1995. However, in rangeland areas mechanical control is too expensive for widespread use and, although myxomatosis and RHD have reduced the rabbits’ impact on annual pasture, rabbits still suppress the regeneration of palatable trees and shrubs. These plant species will disappear from large areas as populations senesce and die without adequate replacement. High rabbit numbers continue to occur in some high rainfall areas, despite RHD. Prospects for new biocontrol agents from outside Australia appear limited, but disseminating genetically modified organisms (GMOs) could provide an alternative. Potential GMOs for managing rabbits are being developed. In Australia, the aim is to reduce rabbit fertility while in Spain the goal is to protect rabbits against myxomatosis and RHD. However, the release of either of these disseminating GMOs in the wrong country could cause major problems. For example, a GMO that immunised rabbits against myxomatosis and RHD could incapacitate Australia’s most effective broadscale rabbit control agents.
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Recombinant transmissible vaccine against myxomatosis and rabbit hemorrhagic disease for wild rabbit populations

Myxomatosis and rabbit hemorrhagic disease (RHD) are the major viral diseases affecting  European rabbit (Oryctolagus cuniculus) populations. While currently available vaccines against myxomatosis and RHD have proven effective for domestic rabbits, they are not suited to immunize wild rabbit populations, as vaccines need to be delivered individually by conventional veterinary practices, which is not a feasible approach to vaccinate free ranging animals. As an alternative approach for wildlife vaccination, we have explored the possibility of developing  “transmissible vaccines” by using viral vectors capable of spreading within an animal population. We constructed a recombinant virus based on a naturally attenuated myxoma virus (MV) field strain, expressing the RHDV capsid protein (VP60). A linear epitope tag derived from the porcine transmissible gastroenteritis coronavirus (TGEV) was included within the recombinant VP60 protein, to allow monitoring the spread of the recombinant virus in the environment. Following inoculation of rabbits, the recombinant virus induced specific antibody responses against MV, RHDV and the TGEV tag, conferring protection against lethal RHDV and MV challenges. Furthermore, the recombinant myxoma-VP60 virus showed a limited horizontal transmission capacity, either by direct contact or in a flea-mediated process, promoting immunization of contact uninoculated animals. The efficacy and safety of the vaccine have been extensively evaluated under laboratory conditions. Finally, a limited field trial was conducted in a small island containing a population of about 300 rabbits. In conclusion, the overall results obtained demonstrated a remarkable lack of undesirable effects in the rabbit population attributable to the recombinant virus release, and no adverse phenomena were observed in wildlife throughout the observation period.
REDDIEX, Ben XE "REDDIEX, Ben" , Chris M. FRAMPTON, Graham J. HICKLING, Grant L. NORBURY and John P. PARKES

Landcare Research, P.O. Box 69, Lincoln, NZ (BR,GN, JP); Christchurch School of Medicine, P.O. Box 4710, Christchurch, NZ (CF); Michigan State University, Michigan 48823, USA (GH).

Effect of rabbit haemorrhagic disease on rabbit population demography in three climatically diverse regions of New Zealand

The impact of rabbit haemorrhagic disease (RHD) on the demography of European rabbits (Oryctolagus cuniculus) was assessed by comparing population data collected before and after the introduction of RHD into New Zealand in 1997. Reductions in rabbit abundance due to RHD have varied across New Zealand, being greatest in semi-arid regions, particularly the Mackenzie Basin, and least in higher rainfall areas such as North Canterbury. Rabbit necropsies from three study areas (n = 38,387 pre-RHD; n = 6,061 post-RHD) provided data on age structure, sex ratio, reproduction and carcass weight of rabbits. Post-RHD, there were significantly more rabbits <7 months of age in all regions, suggesting proportionally higher survival of juvenile rabbits. Where RHD had a large effect on rabbit abundance, the reproductive rate and carcass weight of rabbits for a given age class both increased, whereas reproductive rate decreased in the areas where RHD has been least effective. Only 19% of necropsied rabbits survived a challenge from RHD where the disease performed well, compared with 55% where it performed poorly. At least three mechanisms may underlie these observed patterns. First, changes in carcass weight and reproduction are density-dependent, via reduced competition for resources, or via breakdown in dominance hierarchies leading to greater reproduction. Second, RHD causes differential mortality, with impact being greatest amongst the lighter, older, weaker, or less fecund individuals. Third, differing levels of antibody resistance to RHD cause morbidity and mortality rates to differ among regions.  
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Environmental and agricultural damage caused by possums in New Zealand

Australian marsupial brushtail possums (Trichosurus vulpecula) were introduced to New Zealand >150 years ago. They have spread to occupy >95% of the country. This paper reviews their impacts and recent developments in new approaches to possum control. Possums have had major impacts in native, particularly forest, habitats, killing canopy trees and suppressing flowering and fruiting through browsing, and preying on native birds and invertebrates.  They are the principal wildlife host of bovine tuberculosis, which they spread and transmit to domestic cattle and deer, putting New Zealand meat and dairy export trade at risk. Their browsing also causes major economic losses in exotic plantation forests and to a wide range of agricultural and horticultural crops. About one third of New Zealand is currently subject to regular possum control at an annual cost of about NZ$50M. Most of this control uses non-specific toxins delivered aerially or in bait stations, and trapping. Increasing national and international concerns about the use of non-specific toxins have driven recent research into more target-specific toxins, novel approaches to biological control, such as immunosterility, and novel delivery technology, such as transmissible GMOs.
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Parasites – possibilities for control of introduced Australian brushtail possums

Marsupial brushtail possums (Trichosurus vulpecula) were introduced to New Zealand from Australia at least 150 years ago.  They now occupy 95% of the country and are major agricultural and conservation pests.  More than $50M is spent annually controlling them and research is underway on options for biological control.  Two approaches have been taken to evaluate the use of parasites for biological control.  Firstly, we searched for possum-specific parasites that were missing from possums in New Zealand.  Only one, a gut nematode, was identified as being absent in New Zealand possums (Heath et al. 1998).  Secondly we have been assessing the commoner of the two possum-specific nematodes in New Zealand (Parastrongyloides trichosuri) for its potential to be genetically modified to act as a transmissible vector for biological control processes, such as immunosterility.  To understand the dynamics and spread of P. trichosuri, we released the wild-type form of the parasite into a population of free-ranging, parasite-naive possums at a single site.  In the 3 years since its release, parasite-infected possums have been diagnosed at various sites over the surrounding 4,700 ha area. P. trichosuri also remains established in the possum population at the original release site.  We are now searching for a naturally marked strain of the parasite to investigate parasite invasion of already infected possum populations.  The results emerging from this study support the concept that parasites could have an important role as disseminating vectors in a possum biocontrol strategy.
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Transgenic nematode parasites as GMO biological control vectors for the brushtail possum in New Zealand

Parastrongyloides trichosuri is a nematode parasite of the brushtail possum, Trichosurus vulpecula, with a very unusual life cycle: it is able to be maintained indefinitely as a free-living nematode in in vitro culture in addition to its more conventional parasitic life cycle in possums. We have taken advantage of this unusual life cycle to successfully transform P. trichosuri and obtain expression of introduced transgenes. This is the first crucial step in the development of transgenic P. trichosuri expressing immunosterility or reproduction-targeted transgenes as GMO biological control agents for possums in New Zealand. We will review our progress to date in P. trichosuri transgenesis and outline the key features of the GMO we aim to develop. In particular, we will discuss strategies (such as the use of tissue and stage specific promoters and possum specific targeting of the recombinant protein) to improve the biosafety of the GMO and the key factors in the life history of P. trichosuri that are likely to determine its impact in New Zealand. We will also discuss likely differences between the behaviour of P. trichosuri in New Zealand and Australia, the likely influence of these differences on the impact of GM-P. trichosuri in Australia and suggestions for future research to address this important question.
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Risk of exporting a genetically modified immunocontraceptive virus in mice Mus ‘musculus-domesticus’
European and Asian endemic Mus comprise a species complex that includes the wild house mice Mus musculus, M. domesticus and others (Guénet and Bonhomme 2003; Trend in genetics 19:24-31). These commonly commensal species have been exported inadvertently throughout the world, the Australian form being a genetic blend. In Australian grain-growing regions hybrid Mus ‘musculus-domesticus’ erupts irregularly into extensive plagues. Control methods include poisoning, and recently an endemic herpes virus, murine cytomegalovirus (MCMV), has been genetically modified to act as an immunocontraceptive (icMCMV) (Chambers et al. 1999; In Ecologically-based Rodent Management pp 215-242 Eds GR Singleton, Hinds, LA, Leirs, H, and Zhang, Z.  Australian Centre for International Agricultural Research, Canberra). If released, this modified virus has potential to spread through mouse populations and among them.  icMCMV is designed for species-specificity with an inserted antigen from the laboratory mouse and the viral vector isolated from Australian Mus ‘musculus-domesticus’. Gene flow within the Mus species complex indicates a risk of infection and immunocontraception of other species within this complex. The risk is being addressed by testing for species specificity and by examining the risk of inadvertently exporting icMCMV in live mice from Australia. The presentation describes potential export pathways and current practices, and presents simple simulation models designed to reveal where intervention is likely to be most effective and economical in minimising the risk of exporting the immunocontraceptive virus in live mice.
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Building safety into disseminating GMOs used to manage wild animals

Disseminating (self-replicating and self-spreading) genetically modified organisms (GMOs) are being developed in several countries to manage populations of wild animals. Once released in one country they may spread naturally to, or be illegally or accidentally introduced into, other countries having opposed objectives for managing the target species. Regulation and quarantine can reduce but not eliminate the risk of unintended transboundary spread, and to complement such measures the GMOs should if possible incorporate safety devices to reduce adverse consequences should they spread to non-target countries. At least three possible types of device can be envisaged: (1) activation of the GMO requires exposure of the target species to a chemical (such as a component of the diet) found only in the country of its intended release; (2) the GMO requires a second organism (such as a parasite of the target species) to be present before it will spread or persist (that is, transboundary spread requires the movement of two species, not just one); and (3) the creation and possible pre-emptive release in a non-target country of a harmless GMO which incorporates additional genetic material, harmless by itself to the GMO and the target species, that when expressed immunises the target species against the active and undesirable GMO and thereby prevents the establishment of the latter.
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International implications of using disseminating GMOs for vertebrate pest control

Exotic vertebrate pests threaten biodiversity and have significant economic impacts in many countries, including Australia and New Zealand. Disseminating (self-replicating and self-spreading) genetically modified organisms (GMOs) are being developed to control pest animals.  However, unlike classical biological control agents, a GM biocontrol agent could have an adverse impact if it reaches populations in the area of origin of the target. Legal liability may also arise. We explore whether international agreements are adequate to resolve potential disputes between countries regarding the development and deployment of disseminating GMOs.  The right to sovereignty in setting acceptable levels of risk is a fundamental principle of the World Trade Organisation Agreement on the Application of Sanitary and Phytosanitary Measures (WTO/SPS). The WTO/SPS recognises two international technical organisations that could provide guidance - the International Plant Protection Convention (IPPC) and the Office International des Epizooties (OIE). The Convention on Biological Diversity (CBD) and Cartagena Protocol could also apply. However, none of these deal with assessing risks in the development phase or assessing the risk of an accidental release in the wrong country of a GMO animal control product. National legislation may provide guidance, but in general it is unclear whether international risks can be taken into account, as they relate to geographical areas outside the jurisdiction of the respective Acts. An internationally-agreed process could help manage the various risks associated with the release of disseminating GMOs. Potential problems should be assessed, and where appropriate, addressed through consultation with potentially affected countries before the GMO is released.


