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[bookmark: _Toc427320058][bookmark: _Toc209859548][bookmark: _Toc274904727][bookmark: _Toc291151777]Decision
The Gene Technology Regulator (the Regulator) has decided to issue a licence for this application for the limited and controlled release of a genetically modified organism (GMO) into the environment. The University of Queensland (UQ) will conduct field trials to assess the efficacy and safety of two GMO vaccines for protection of farmed crocodiles from Kunjin virus infection.
Veterinary medicines must be approved by the Australian Pesticides and Veterinary Medicines Authority (APVMA), which provides a national registration scheme for agricultural and veterinary chemical products under the Agricultural and Veterinary Chemicals Code Act 1994 (AgVet Code), including vaccines. Therefore, in addition to approval by the Regulator, UQ would require a permit from APVMA to supply and use the GM vaccine for the purpose of animal research.
A Risk Assessment and Risk Management Plan (RARMP) for this application was prepared by the Regulator in accordance with the requirements of the Gene Technology Act 2000 (the Act) and corresponding state and territory legislation, and finalised following consultation with a wide ranges of experts, agencies and authorities, and the public. The RARMP concludes that the proposed field trial poses negligible risks to human health and safety and the environment and that any risks posed by the dealings can be managed by imposing conditions on the release. 
The application
	Application number
	DIR 159

	Applicant
	The University of Queensland

	Project Title
	Limited and controlled release of genetically modified insect-specific viruses as vaccines against Kunjin virus infection in farmed crocodiles [footnoteRef:2] [2:  The title of the project as submitted by the applicant is “Recombinant insect-specific viruses as non-infectious vaccines against Kunjin virus infection in farmed crocodiles”.
2 The specific details relating to the identity of the parent organisms, the design, construction and genetic modifications of the GMO, including the Kunjin virus genes, corresponding proteins and their function, have been declared as Confidential Commercial Information (CCI) under section 185 of the Act. CCI is made available to the prescribed experts and agencies.] 


	Parent organism
	Two insect-specific flaviviruses, ISFa and ISFb2

	Modified genes
	Insertion of two genes from a naturally attenuated strain of Kunjin virus2

	Proposed release date
	Once all the required approvals have been granted

	Proposed duration
	5 years

	Proposed locations
	Two crocodile farms in Litchfield Council in the Northern Territory

	Primary purpose
	To study the safety and efficacy of two genetically modified insect-specific viruses as vaccines against Kunjin virus infection in farmed crocodiles


[bookmark: _Toc209859549][bookmark: _Toc274904728][bookmark: _Toc291151778][bookmark: _Toc355007997][bookmark: _Toc465862036][bookmark: _Toc466627806]Kunjin virus is a mosquito-borne virus endemic in the Northern Territory. Its primary host is birds but it also infects and causes disease in other animals (in particular, horses) and people. In crocodiles, Kunjin virus infection is largely non-symptomatic but may result in the development of skin lesions, which interfere with subsequent processing for leather and leather goods manufacturing. The proposed field trials, involve inoculation of up to 2,800 juvenile crocodiles with the GMO vaccines, would take place at the Darwin Crocodile Farm, Bees Creek, Northern Territory; and Janamba Crocodile Farm, Middle Point, Northern Territory. Crocodiles would be harvested approximately 18-30 months after inoculation, and processed for crocodile products on site at the crocodile farms. As is common in veterinary vaccine trials, the products of vaccinated crocodiles could enter general commerce, including use in human food or animal feed.
Risk assessment
The risk assessment concludes that risks to the health and safety of people and the environment from the proposed release are negligible. No specific risk treatment measures are required to manage these negligible risks.
The risk assessment process considers how the genetic modifications and proposed activities conducted with the GM viruses might lead to harm to people or the environment. Risks are characterised in relation to both the seriousness and likelihood of harm, taking into account information in the application (including proposed limits and controls), relevant previous approvals and current scientific/technical knowledge. Both the short and long term impact are considered.
Credible pathways to potential harm that were considered included exposure of people or insects to the GMOs and the potential for recombination with other viruses. Potential harms that were considered in relation to these pathways included adverse immune response, increased disease in people or animals, and impacts on insect biodiversity.
The principal reasons for the conclusion of negligible risks are the phenotype of the GMOs, in particular their limited host range and lack of ability to replicate in vertebrates, and suitability of the controls proposed by the applicant.
Risk management plan
The risk management plan describes measures to protect the health and safety of people and to protect the environment by controlling or mitigating risk. The risk management plan is given effect through licence conditions.
As the level of risk is considered negligible, specific risk treatment is not required. However, since this is a limited and controlled release, the licence includes limits on the size, location and duration of the release, as well as a range of controls to minimise the potential for the GMOs to spread in the environment. In addition, there are several general conditions relating to ongoing licence holder suitability, auditing and monitoring, and reporting requirements which include an obligation to report any unintended effects.
DIR 159 – Risk Assessment and Risk Management Plan (May 2018)	Office of the Gene Technology Regulator
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[bookmark: _Ref425251228][bookmark: _Ref425251275][bookmark: _Toc511751119]Background
An application has been made under the Gene Technology Act 2000 (the Act) for Dealings involving the Intentional Release (DIR) of genetically modified organisms (GMOs) into the Australian environment.
The Act in conjunction with the Gene Technology Regulations 2001 (the Regulations), an inter-governmental agreement and corresponding legislation in States and Territories, comprise Australia’s national regulatory system for gene technology. Its objective is to protect the health and safety of people, and to protect the environment, by identifying risks posed by or as a result of gene technology, and by managing those risks through regulating certain dealings with GMOs.
This chapter describes the parameters within which potential risks to the health and safety of people or the environment posed by the proposed release are assessed. The risk assessment context is established within the regulatory framework and considers application-specific parameters (Figure 1).
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[bookmark: _Ref425236195][bookmark: _Toc507580984]Figure 1.	Summary of parameters used to establish the risk assessment context
[bookmark: _Ref472580627][bookmark: _Toc511751120]Regulatory framework
[bookmark: _Ref469313019]Sections 50, 50A and 51 of the Act outline the matters which the Gene Technology Regulator (the Regulator) must take into account, and who must be consulted, when preparing the Risk Assessment and Risk Management Plans (RARMPs) that inform the decisions on licence applications. In addition, the Regulations outline further matters the Regulator must consider when preparing a RARMP.
In accordance with Section 50A of the Act, this application is considered to be a limited and controlled release application, as its principal purpose is to enable the applicant to conduct experiments and the applicant has proposed limits on the size, location and duration of the release, as well as controls to restrict the spread and persistence of the GMOs and their genetic material in the environment. Therefore, the Regulator was not required to consult with prescribed experts, agencies and authorities before preparation of the RARMP.
[bookmark: _Ref220914107]Section 52 of the Act requires the Regulator to seek comment on the RARMP from the States and Territories, the Gene Technology Technical Advisory Committee, Commonwealth authorities or agencies prescribed in the Regulations, the Minister for the Environment, relevant local council(s), and the public. The advice from the prescribed experts, agencies and authorities and how it was taken into account is summarised in Appendix A. Two public submissions were received and their consideration is summarised in Appendix B.
The Risk Analysis Framework (OGTR, 2013) explains the Regulator’s approach to the preparation of RARMPs in accordance with the legislative requirements. Additionally, there are a number of operational policies and guidelines developed by the Office of the Gene Technology Regulator (OGTR) that are relevant to DIR licences. These documents are available from the OGTR website.
[bookmark: _Ref425251282][bookmark: _Toc511751121]Interface with other regulatory schemes
[bookmark: _Ref472580570][bookmark: _Ref427932143][bookmark: _Ref427932134][bookmark: _Toc427070792]Gene technology legislation operates in conjunction with other regulatory schemes that regulate GMOs or genetically modified (GM) products in Australia. Dealings conducted under a licence issued by the Regulator may also be regulated by the Therapeutic Goods Administration (TGA), Food Standards Australia New Zealand (FSANZ), the Australian Pesticides and Veterinary Medicines Authority (APVMA), the National Industrial Chemicals Notification and Assessment Scheme (NICNAS) and the Department of Agriculture and Water Resources (DAWR). Dealings may also be subject to the operation of State legislation declaring areas to be GM, GM-free, or both, for marketing purposes.
To avoid duplication of regulatory oversight, risks that have been considered by other regulatory agencies are generally not assessed by the Regulator.
The APVMA provides a national registration and permit scheme for agricultural and veterinary chemical products. It administers the provisions of the Agricultural and Veterinary Chemicals Code Act 1994 (AgVet Code). For registration, the APVMA assesses whether a new veterinary vaccine meets the criteria set out in the AgVet Code before it is registered in the Register of Agricultural and Veterinary Chemical Products. A new veterinary vaccine that is not registered may be legally used, such as in animal trials, by obtaining a permit from the APVMA. 
As part of the permit process, the APVMA assesses the quality, safety and efficacy of the vaccine. Quality aspects could include batch-to-batch consistency in vaccine composition, purity and potency. The APVMA audits the Good Manufacturing Practice record of the applicant. Safety aspects include the toxicological profile of the vaccine and its residues, including metabolites and degradation products. Associated food safety risks and consumer dietary exposure is also considered by the APVMA. The APVMA approves the label, handling and directions for use of veterinary vaccines to ensure safe use. The APVMA may also impose conditions on a permit for the use of veterinary vaccines for research purposes.
FSANZ develops the food standards in the Food Standards Code with advice from other government agencies and input from stakeholders. The Standards in the Food Standards Code are legislative instruments and the Food Standards cover the composition of some foods, such as dairy, meat and beverages. FSANZ is also responsible for labelling of packaged and unpackaged food, including specific mandatory warnings or advisory labels.
Food Standards are enforced by the states and territories (usually their health or human services departments) or, in some cases, by local government. These authorities regularly check food products for compliance with the Food Standards Code.
FSANZ has developed the Primary Production and Processing (PPP) Standard for Meat and Meat Products (FSANZ, 2010), which includes meat from farmed crocodiles. PPP Standards (which only apply in Australia) aim to strengthen food safety and traceability throughout the food supply chain from paddock to plate. The standard introduces legal safeguards if there is a food-related adverse incident, allowing regulators to investigate food safety matters through the entire meat supply chain.
The processing of crocodile meat is covered by the Australian Standard: AS 4467-1998 Hygienic Production of Crocodile Meat for Human Consumption. This standard applies to the construction of all premises where crocodiles are slaughtered and processed, and equipment and procedures used in production of crocodile meat for human consumption.
[bookmark: _Ref472686353][bookmark: _Toc511751122]The proposed field trials
The University of Queensland (UQ) proposes to conduct field trials using live genetically modified (GM) insect-specific flaviviruses (ISFs) containing two genes from an attenuated Kunjin virus (KUNV). The aim of the trial is to assess the efficacy and safety of the GM ISFa-KUN and ISVb-KUN as GMO vaccines for protection of crocodiles from KUNV infection.
The parent organisms for the GMOs are two distinct insect-specific flaviviruses (ISFs – ISFa and ISFb) normally associated with mosquitoes in northern Australia. They are not known to cause disease in infected mosquitoes and are not able to replicate or cause disease in vertebrate animals.
In the GMOs, two genes that encode virion proteins of ISFa and ISFb have been replaced by the corresponding genes of KUNV. The GMOs are intended to stimulate an immune response against KUNV in inoculated crocodiles. Like the parent viruses, the GMOs are incapable of reproduction in vertebrates.
The dealings assessed by the Regulator are:
· conduct of experiments with the GMOs;
· transporting the GMOs;
· disposing of the GMOs; and
the possession, supply or use of the GMOs for the purposes of, or in the course of, any of the above.
[bookmark: _Toc511751123][bookmark: _Ref472686397]The proposed limits of the field trials (duration, scale, location and people)
The field trials are proposed to take place over a 5 year period from the date of issue of the licence. Up to 2800 crocodiles are expected to be inoculated with either of the two GMOs.
The crocodile farms proposed to participate in the field trials are the Darwin Crocodile Farm, Bees Creek, Northern Territory (NT); and Janamba Crocodile Farm, Middle Point, Northern Territory.
[bookmark: _Toc511751124]The proposed controls to restrict the spread and persistence of the GMO in the environment
The applicant has proposed a number of controls to restrict the spread and persistence of the GMO in the environment. These include:
· administration of the GMO by appropriately trained farm personnel or qualified veterinarian in accordance with trial protocols
· following biosecurity measures for crocodile farms in the Northern Territory, including:
· keeping vaccinated crocodiles physically separated from non‑vaccinated crocodiles for at least 4 weeks after the administration of the last dose of GMO
· implementing crocodile pen entry and exit procedures, including wearing designated clothing and footwear, and the use of disinfectant footbaths
· restricting access to the vaccinated crocodiles to authorised persons only
· securing access to the vaccinated crocodiles using fences and locked gates with keypad access
· disposing deceased vaccinated crocodiles and waste following state and/or local council requirements
· decontaminating crocodile pens and equipment following state and/or local council requirements
· decontamination of GMO-contaminated materials using effective disinfectant
· transporting GMOs and tissue/blood samples taken from GMO-inoculated crocodiles for testing in accordance with the OGTR Guidelines for the Transport, Storage and Disposal of GMOs.
[bookmark: _Ref507409231][bookmark: _Ref507410365][bookmark: _Toc511751125]Details of the proposed activities
Study design
The GMOs will be administered to juvenile crocodiles (between 3 to 6 months old, weighing approximately 350 grams) by subcutaneous or intramuscular injection. Groups of 70 juvenile crocodiles will receive either a low dose (2 micrograms (µg), ~108 particles) or high dose (20 µg, ~109 particles) of one of ISFa-KUN or ISFb-KUN. Each crocodile will be inoculated 3 times at 4-week intervals. A maximum of 280 crocodiles will be inoculated with each GMO per year.
[bookmark: _Ref503786614]Approximately 30% (20 per group of 70 animals) of the vaccinated crocodiles will be tested for an antibody response to the GMOs and confirmation that the GMO has been eliminated from the body at 4 weeks after each inoculation (including immediately prior to the second and third inoculations), and 3 months after final inoculation (5 months after first inoculation). All vaccinated animals will again be sampled for testing at time of harvest (12-30 months after inoculation). Testing for the GMOs is detailed in section 3.3.5.
Inoculated crocodiles will be physically isolated from other crocodiles for the duration of the GMO trial up to and including 4 weeks after the last inoculation. After this time, the inoculated crocodiles will be released into common farm pens to be grown and processed as usual.
Adjacent to each pen of GMO-inoculated crocodiles, unimmunised crocodiles of the same age will be kept in pens as negative controls to confirm that no spread of the GMOs on the farm has occurred. The unimmunised crocodiles in adjacent pens will also serve as sentinels for natural Kunjin virus infection and will be tested for antibodies specific for wildtype Kunjin virus or specific for the GMOs. These sentinel animals will be sampled and tested for the presence of the GMOs or wildtype Kunjin virus as detailed in section 3.3.5.
Mosquitoes on the crocodile farms will be sampled and monitored for the presence of GMOs on a fortnightly basis over the period of the trial, as is detailed in section 3.3.5.
In addition, water from the vaccinated and control crocodile pens will be sampled daily over the period of the trial, stored at -80oC and then analysed weekly, as is detailed in section 3.3.5.
Vaccinated and sentinel crocodiles will have two metal engraved small animal tags for identification.
Animal containment and housing
The hatchling facilities/areas are separated from other areas of the crocodile farms by a boundary fence (1.8 m buried mesh fence). In addition, the crocodile farms have an outer boundary fence (1.8 m buried chain-mesh fence).
The buildings holding the hatchling/juvenile crocodiles at the crocodile farms are completely enclosed with concrete floors, brick walls and covered with fully enclosed roof to deter predatory birds.
The hatchling facilities are comprised of pens internally divided by walls that are sufficient to physically separate and contain the crocodiles, with grated drains to prevent crocodiles escaping.
The trial will occur on two farms with slightly different crocodile housing:
· Darwin Crocodile Farm – Crocodiles are stocked at 35 crocodiles/pen. Each pen is 116.5 cm wide and 209.5 cm long within a larger shed. The rear of each pen is covered to provide crocodiles a hiding area and the front of the pen has an open air feeding platform. Pen water is maintained at 32°C by an automated system that injects heated water into each pen. Excess water drains into a collection pond. This is estimated to result in a water change 3 times per day.
· Janamba Crocodile Farm – Crocodiles are stocked at 70 crocodiles/pen. Each pen is 156 cm wide x 301 cm long and completely enclosed. Pen water is heated to 33°C by coiled pipes within the water body of the pen.
At both farms, the crocodile pens contain approximately 100 litres (L) of water on average, and pens are completely drained into collection ponds (~500,000 L) five days per week, and pens cleaned using a chlorine-based detergent/disinfectant.
Pens are checked at least twice daily; dead crocodiles and food waste are removed from the pens as soon as possible.
Manufacture, supply and storage of the GMO
The GMOs would be manufactured at the University of Queensland under a Notifiable Low Risk Dealing authorisation assessed by The University of Queensland institutional biosafety committee (IBC).
The quality and identity of each batch of GMOs will be checked by:
· sodium dodecyl sulfate polyacrylamide gel electrophoresis to confirm the size of the GMO particles
· viral RNA sequencing to confirm the identity and genetic stability of the virus
· inoculation onto vertebrate cell cultures (crocodile, monkey, human and mouse lines) to confirm the lack of virus replication in vertebrate cells
· enzyme-linked immunosorbent assay (ELISA) using a panel of monoclonal antibodies to the KUNV proteins expressed in the GMOs.
The GMOs would be supplied as a frozen liquid in sealed plastic screwcap vials, each vial contains approximately 1010 infectious units of live GMO, representing 10-100 vaccine doses. These would be transported from The University of Queensland to the Berrimah Veterinary Laboratory (Department of Primary Industry and Resources, Northern Territory Government), and from there to the crocodile farms in accordance with the OGTR Guidelines for the Transport, Storage and Disposal of GMOs using couriers.
The GMOs will be stored at the Berrimah Veterinary Laboratory within a freezer (-80°C) in a restricted area. The receipt of GMOs at the farm trial sites will be logged and details of all GMO storage, use and disposal will be recorded. Any GMO not used at the farms will be returned to the Berrimah Veterinary Laboratory for disposal.
Preparation and administration of the GMO
Reconstitution of the GMOs would take place in a room adjacent to the shed where the crocodile pens are located. Preparation and vaccination would be conducted by appropriately trained farm/research personnel or a registered veterinarian.
Prior to administration, the GMOs would be thawed and reconstituted with buffer containing adjuvant. All required syringes would be filled with one of the GMOs and recapped using a safe needle recapping device to avoid accidental needle stick injury.
[bookmark: _Ref503535886]At pen-side, each animal will be restrained by a trained crocodile farm handler wearing puncture-resistant gloves. The GMOs will then be administered by subcutaneous or intramuscular injection into the tail. GMO administration will be performed by personnel wearing gloves, eye protection (safety glasses) and a puncture-resistant glove on the hand not holding the syringe.
[bookmark: _Ref503858856]Empty syringes will be disposed directly into sharps containers without recapping to avoid needle stick injury. Used sharps containers will be sealed and disposed of by a waste contractor.
[bookmark: _Ref503860104]Sample collection
Blood samples will be collected from vaccinated and sentinel crocodiles for testing as described in paragraph 24. The animals will be caught by hand using best practice methods according to internal standard operating procedures (SOP) for the crocodile farm. Each animal will be restrained by a trained crocodile farm handler wearing puncture-resistant gloves. Blood collection will be carried out according to published protocols (Myburgh et al., 2014) using a 23 gauge needle and stored within serum tubes. Syringes used for blood collection will be disposed of as described in paragraph 43. Blood samples would be tested for the GMO or wild type KUNV by ELISA.
Mosquitoes collected near the pens of the vaccinated crocodiles will be tested for the presence of the GMOs by GMO-specific reverse transcription polymerase chain reaction (RT-PCR) on virus expectorated in their saliva during sugar feeding (Hall-Mendelin et al., 2010).
To assess shedding of the GMOs from vaccinated crocodiles, daily water samples will be taken from all pens containing the vaccinated crocodiles and sentinel crocodiles. The samples will be assessed for the presence of the GMO RNA genome by RT-PCR, conducted at the Berrimah Veterinary Laboratory.
All samples collected from the farm would be transported by courier as biological specimens, and in accordance with the Regulator’s Guidelines for the Transport, Storage and Disposal of GMOs. Samples would be transported to the Berrimah Veterinary Laboratory or The University of Queensland for analysis.
Sample analyses will be undertaken at The University of Queensland and would be conducted under a Notifiable Low Risk Dealing (NLRD) authorised by the University of Queensland IBC.
Personal protective clothing
Personnel working in crocodile hatchery sections of the farms will wear hatchery-designated boots and clothing. Disposable overalls and booties will be worn during all crocodile vaccination procedures.
Farm/research personnel or veterinarian preparing and administering the GMOs would wear eye protection (safety glasses) and gloves, as detailed in paragraph 42.
Decontamination and disposal of the GMO and general biosecurity measures
[bookmark: _Ref507673255]Following administration of the GMOs, used vials and other waste generated during the vaccination procedure (i.e. gloves, syringes and alcohol swabs etc.), and any unused GMOs will be decontaminated using 10% bleach, 70% ethanol or discarded into appropriate biohazard containers. Biohazard waste will be disposed of following the sites' procedures in accordance with Northern Territory laws that apply to the disposal of biologically hazardous waste.
After handling the GMOs, any work surfaces used will be decontaminated with an appropriate chemical disinfectant, following standard farm procedures (e.g. a chlorine-based detergent followed by spraying with a sanitising solution (F10SC).
Contaminated clothing will be laundered following standard farm procedures (e.g. hot (71°C) water with detergent and hot air drying). Disposable overalls and booties used during vaccination procedures will be disposed as biologically hazardous waste, as detailed in paragraph 51.
All crocodile carcasses and food waste are collected into closed, vermin‐proof waste bins and disposed by deep burial.
Footbaths filled with fresh disinfectant effective against the GMOs are available at the entrance to each hatchling area. When entering and exiting the hatchling area, boots would be disinfected against the GMOs.
At both crocodile farms, water from the crocodile pens is drained into collection ponds on site and the pens are cleaned using a chorine-based detergent on the morning after every feeding. Hatchling crocodiles are fed five times per week in the afternoon.
Cleaning equipment is specific to each pen or shed and the removal or cross-use of cleaning equipment in different pens/sheds is not permitted. Equipment used in the hatchery areas is hatchery specific and not to be taken out of the hatchery or used in other areas of the farms.
Further detail on crocodile farm biosecurity practice is provided below (Section 3.4).
Training of personnel
All farm personnel responsible for handling the GMOs, inoculated crocodiles and contaminated equipment would be trained in handling the GMOs, the decontamination and disposal of the GMOs in accordance with the farm protocols, any licence conditions imposed by the Regulator and any permit conditions imposed by the APVMA.
All farm personnel responsible for handling the syringes for inoculating the crocodiles with the GMOs or sampling the vaccinated or sentinel crocodiles will be trained in the handling of sharps.
[bookmark: _Ref505600847]Contingency measures
If the GMOs are found to persist in the vaccinated crocodiles beyond the anticipated time frame (i.e. if they are detected in samples taken 4 weeks post-inoculation), the following measures will be taken:
· any further vaccination of the crocodiles will cease
· the vaccinated animal groups will continue to be isolated from other animals and monitored fortnightly until the GMO is shown to have been eliminated from all crocodiles
· if the GMO is still detected in the crocodiles after the 5-6 month testing period, they will be euthanased and their carcasses disposed of as biohazard waste by deep burial.
If the GMOs are found in the control/sentinel crocodiles, the following measures will be taken:
· no further vaccination with the GMO will take place
· all vaccinated animals and all control animals in pens where animals have tested positive for the GMO will be culled and carcasses tested for evidence of GMO replication
· all other pens on the farm will be monitored for evidence of the GMO in a representative group of animals (10% in each pen), with weekly assessment for one month until there is no evidence of further presence of the GMO in farm animals.
If the GMOs are found in the mosquitoes near the vaccinated crocodile pens, the following measures will be taken:
· no further vaccination with the GMO will take place
· a concentrated barrier mosquito spraying program with synthetic pyrethrins will take place on the farm to minimise mosquito numbers
· representative animals from both GMO-inoculated and control pens will also be immediately sampled for evidence of GMO transmission.
Record keeping
The applicant will ensure that procedures are in place to account for all GMO stocks transported to the crocodile farms in the Northern Territory under the licence. The GMOs will be accounted for from transport to destruction, and records will be made available to the Regulator on request. Records of training of farm personnel involved in the trial and of ongoing monitoring and auditing of trial sites will also be made available to the Regulator on request.
Fate of crocodiles after field trials
After inoculated crocodiles reach the appropriate age for harvesting (12-30 months after inoculation), they would be processed on-site in the same way as for other commercial crocodiles at the farm sites.
[bookmark: Number][bookmark: _Ref481503831][bookmark: _Toc511751126]Biosecurity
To assist in the risk assessment of the proposed field trials (discussed in Chapter 2), this section describes the relevant biosecurity standards for crocodile farms, and the territory and local council requirements and legislation.
[bookmark: _Ref505595728]Standard crocodile farm biosecurity
As part of current arrangements between the Northern Territory government and industry, crocodile farms are expected to implement on-farm biosecurity programs according to Biosecurity of NT Crocodile Farms – Hygiene Procedures and Biosecurity Concerns (Simlesa, 2010) and follow them on a daily basis to reduce the risk of transmission of disease onto and between crocodile farms. The applicant has indicated that the participating farms follow these guidelines.
The majority of biosecurity requirements have been detailed in Section 3.3 – Details of the proposed activities. Additional hygiene and biosecurity measures not previously mentioned in Section 3.3 are outlined below.
Farm personnel and visitors
Access to the farm by visitors, truck drivers, delivery personnel and employees from other crocodile farms is to be minimised, and visitor access recorded.
Crocodile pens and water
Pens should have access to sun and shade, a dry landing area, enough water to submerge and sufficient space to avoid overcrowding. Pens need to be protected from dust, direct winds, vermin and wildlife entry and monitored for bacterial counts of pen water on a regular basis.
Water needs to be clean and fresh from bore or town supply. It is not advisable to use surface water supplies unless chlorinated or UV treated. Water needs to be chlorinated at 2-3 parts per million and at a temperature of 32oC.
Cleaning of crocodile pens
Crocodile pens are to be cleaned and left to dry before the introduction of new hatchlings into the farm system.
Pens need to be cleaned after every feed night by removing old food, rinsing, disinfecting, scrubbing, and rinsing prior to refilling with water. On non-feed nights, water should be reduced, with pens cleaned/scrubbed and water re-filled. Pens need clean fresh water on a daily basis.
Walls, hide boards and the floor need to be scrubbed with disinfectant at every clean. All cleaning equipment should be stored off the floor by either hanging, on shelves or stored in a receptacle of some sort. One set of cleaning equipment should be designated to each pen/shed.
Animals at the farms
Crocodile hatchlings should be introduced into clean pens with no animals from previous years.
Dead animals should be removed as soon as possible to prevent potential contamination.
All animals gained, sold, processed or deceased need to be recorded on the farm records.
Daily records of deaths and illness should be used to observe and react to unusual trends. Unknown illness or usual deaths should be submitted to the veterinary laboratories for analysis.
Domestic stock and pets should not access the farm site or enter into pens/sheds.
Equipment, infrastructure and consumables
All chemicals and drugs used should be registered for use on crocodile farms or in the process of being approved. Non-veterinarian treatment or treatment directed by a veterinarian but not applied by a veterinarian must be entered in the farm records and kept for two years. This includes product name, usage dates, dosage administered, withholding period and treated animals identified.
All equipment and infrastructure should be checked regularly. All chemicals should be used before the expiry date, with clear correct identification and labelling of cleaning chemicals and other solutions used on the farm is desirable to prevent accidental consumption by employees.
High level biosecurity
In the event of an outbreak of disease, the Biosecurity of NT Crocodile Farms – Hygiene Procedures and Biosecurity Concerns (Simlesa, 2010) recommends the following measures:
the Northern Territory Government and the Northern Territory crocodile industry must be immediately notified
limiting personnel from entering the farm unless absolutely essential
visitors entering farm must have a head to toe shower before and after the visit
used clothing and personal protective equipment must remain on property
any vehicle entering the property must be washed and disinfected before and after going onto the property. Vehicles should be disinfected inside as well. Vehicles not entering the farm but parked outside should also be washed and disinfected before visiting another farm and
animals, waste or products must not be moved off the property until disease status is clarified.
If the cause of the death is an Emergency Animal Disease, then the relevant Australian Veterinary Emergency Plan (Ausvetplan) would be activated and the appropriate authorities would be notified. Disposal of carcasses, used litter and feed, and decontamination of equipment, would be under the direct control of the Territory’s Chief Veterinary Officer.
The Biosecurity Incident Management System (Group, 2012) provides guidance for the management of biosecurity incident response in Australia and can be applied to all biosecurity sectors. Typically the states and territories have primary responsibility for preparing and responding to biosecurity incidents within their borders. The DAWR has a role in providing national leadership and coordination in preparing for, and responding to, biosecurity incidents.
[bookmark: _Ref425167900][bookmark: _Toc511751127]Parent organisms
Consideration of the characteristics of the unmodified organisms provides a baseline for comparing the potential harm from dealings with GMOs. The parent organisms are two distinct insect-specific flaviviruses, ISFa and ISFb, normally associated with mosquitoes in northern Australia[footnoteRef:3]. As such, general information concerning biological properties of viruses within the Flavivirus genus and the relevant biological properties the ISF parent organisms will be discussed. The ISFa and ISFb are not known to cause disease in infected mosquitoes and are not able to replicate in vertebrate animals. [3:  The identity of the parent organisms are declared as Confidential Commercial Information (CCI) under section 185 of the Act. CCI is made available to the prescribed experts and agencies.] 

Further information on the parent organisms is presented in the CCI Attachment to the RARMP, which was made available to the prescribed experts and agencies that were consulted on the RARMP.
[bookmark: _Toc511751128]Background - Flaviviruses
The Flavivirus genus of the Flaviviridae family encompasses a diverse array of over 70 viruses. Most flaviviruses [also referred to as arboviruses (arthropod borne viruses)] are considered to be dual-host viruses and are transmitted horizontally between a vertebrate hosts and an arthropod host (mosquito or tick) through biting. These dual-host flaviviruses can be further divided into two distinct classes, mosquito/vertebrate and tick/vertebrate viruses. Examples of mosquito/vertebrate flaviviruses include Dengue virus (DENV), yellow fever, Japanese encephalitis virus and West Nile virus (WNV), all of which are human pathogens of global concern (Kuno et al., 1998). Kunjin virus is a mosquito/vertebrate flavivirus endemic to mainland Australia and Papua New Guinea. Tick/vertebrate flaviviruses associated with serious human disease include tick-borne encephalitis virus, Langat virus and Powassan virus (Blitvich and Firth, 2017).
Humans are typically dead-end hosts for arboviruses, as the virus cannot replicate to high enough titres to reinfect the arthropods needed to continue the virus life cycle. Exceptions to this are yellow fever and dengue viruses, which require mosquito vectors but are sufficiently well adapted to humans that they don’t depend on animal hosts.
There are some flaviviruses which are maintained by vertebrates only, commonly known as No Known Vector (NKV) flaviviruses. NKV flaviviruses include those isolated exclusively from rodents (e.g. Modoc virus; MODV) and those isolated exclusively from bats (e.g. Rio Bravo virus) (Leyssen et al., 2002; Volkova et al., 2012).
[bookmark: _Ref481504392]Similarly, there are ISFs which replicate only in mosquitoes and form a specific subgroup within the Flavivirus genus. The ISFs are unable to replicate in vertebrate cells, and cannot be transmitted via classical horizontal transmission to vertebrate hosts (Blitvich and Firth, 2015).
ISFs can be further separated into two clades. Lineage I (classical) ISFs form a distinct clade within the flavivirus genus, while Lineage II (dual-host affiliated) display an insect-specific phenotype but cluster phylogenetically with the dual-host flaviviruses (Blitvich and Firth, 2015).
[bookmark: _Ref504484011][bookmark: _Toc511751129]Basic Biology
Flaviviruses are lipid-enveloped viruses that contain a single-stranded, positive-sense RNA genome of approximately 10-11 kb, encoding a single open reading frame (ORF) that is flanked by 5' and 3' untranslated regions (UTRs). Viral proteins are made directly from the template strand or positive sense RNA which is present in the viral capsid. The ORF encodes a large polyprotein that is co- and post-translationally cleaved to generate three structural proteins, designated the capsid (C), premembrane/membrane (prM/M) and envelope (E) proteins, and seven non-structural (NS) proteins (NS1, NS2A, NS2B, NS3, NS4A, NS4B, and NS5) (Rice et al., 1985). The structural proteins are encoded at the 5’ end of the genome and non-structural proteins at the 3’ end (Figure 2).
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[bookmark: _Toc507580985][bookmark: _Ref245886991]Figure 2	Genomic organisation of Flavivirus and encoded proteins
The proteins, as ordered from N-terminus of the polyprotein, are:
· capsid protein (C)
· pre-membrane protein (prM), a glycoprotein which is cleaved by cellular proteases after viral particle assembly to produce the mature membrane protein (M)
· envelope protein (E), a glycoprotein which binds the cellular receptor, and mediates fusion of viral and host membranes
· non-structural protein NS1 which, in association with NS4a, is required for RNA replicase function
· non-structural protein NS2A which is involved in RNA replication and viral assembly
· non-structural protein NS2B which, in association with NS3, cleaves the polyprotein
· non-structural protein NS3 is a serine protease on its N-terminus and an RNA helicase on its C‑terminus. The protease moiety requires NS2B for catalytic activity (Noble et al. 2012).
· non-structural protein NS4A which, in association with NS1, is required for RNA replicase function and viral assembly
· non-structural protein NS4B which is involved in RNA replication and viral assembly
· non-structural protein NS5 which has RNA-dependant RNA polymerase and methyl transferase activity.
The seven non-structural proteins are primarily replicative proteins although some are also involved with confounding the host immune system (Munoz-Jordan et al., 2005). In addition to their primary role in viral replication, flavivirus NS2A, NS4A, NS4B and NS5 proteins are thought to inhibit interferon signalling and hence down-regulate the host antiviral immune response (Munoz-Jordan et al., 2005).
Flaviviruses have co-evolved with their host species and are generally host specific, and infect only certain tissue types within those species. Various studies have indicated the regions or proteins involved in host replication and/or specificity. These include the 5′ untranslated region and amino acid substitutions in NS proteins 1 and 3, which were identified as important for infectivity, transmissibility and replication of the Dengue vaccine candidate virus (Brault et al., 2011).
Studies with chimeric arboviruses and the NKV flavivirus MODV, found the inability of NKV viruses to infect and replicate in arthropod cells is not determined by the viral envelope proteins, but by a post-entry event (Charlier et al., 2010; Saiyasombat et al., 2014).
Similarly, a chimeric DENV genome carrying the envelope genes from Langat virus (LGTV), a tick-borne virus unable to infect mosquito cells, retained the ability to infect mosquito cells (Engel et al., 2011). These studies indicate that some molecular determinants of flavivirus tropism may be found outside of the prM-E structural region, such as in the capsid, NS2A, or NS4B proteins, regions that have previously been demonstrated to affect tick or mosquito tropism (McElroy et al., 2006; Schrauf et al., 2009).
[bookmark: _Ref506371222]Flavivirus life cycle
The life cycle of flaviviruses, like other viruses, involves the transmission of infective viral particles to a host organism; recognition, attachment and entry into the host cells; replication of viral nucleic acid and protein production; finally followed by assembly and release of infective viruses (see Figure 3).
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[bookmark: _Ref246752049][bookmark: _Toc507580986]Figure 3	Steps in replication cycle of flaviviruses (Stiasny and Heinz, 2006)
Flaviviruses enter target cells by receptor-mediated endocytosis. The identity of the cellular receptors that mediate flavivirus entry and infection are poorly understood. A large number of molecules have been described as flavivirus candidate receptors in different cell types, however the identity of the cellular receptors that mediate flavivirus entry is an active area of investigation (Perera-Lecoin et al., 2013).
Once in the cell, flaviviruses are trafficked to early endosomes, where the acidic environment triggers major conformational changes in their envelope glycoprotein (E) that induce fusion of the viral and endosomal membranes, resulting in genome release (Modis et al., 2003; Bressanelli et al., 2004).
[bookmark: _Ref506388419]Replication of flaviviruses takes place in the cytoplasm. Flaviviruses cannot replicate in the nucleus because, like most other RNA viruses, it uses the host cell's RNA-dependant RNA polymerase to replicate. Genome replication in flaviviruses is carried out by a membrane-bound viral replication complex consisting of viral NS proteins, viral RNA and unidentified host proteins (Klema et al., 2015). A full length copy of the complementary, minus strand genome is produced, which then serves as a template for further replication.
Protein synthesis occurs from the positive-sense genomic RNA. After a ribosome binds to the genome, a single poly-protein is translated and then cleaved by a combination of viral and host proteases to release mature polypeptide products (Sun et al., 2017).
Assembly of new virions (see Figure 3, above) begins in the cytoplasm where viral RNA complexes with the C protein. This complex then associates with heterodimers of prM and E proteins in the endoplasmic reticulum (ER) membrane, and buds through the ER membrane into the ER lumen. The resulting immature, non-infectious virions have an ER-derived lipid bilayer carrying prM/E heterodimers. The immature virions are then transported to the trans-Golgi network where furin-mediated cleavage of prM to M generates mature infectious particles that are released by exocytosis (Stadler et al., 1997; Mackenzie and Westaway, 2001; Lorenz et al., 2003; Li et al., 2008; Yu et al., 2008).
[bookmark: _Toc511751130]Geographic Distribution and Natural Host range of ISFs
[bookmark: _Ref506367518]ISFs have a ubiquitous geographic distribution and have been isolated from mosquitoes in every continent with the exception of Antarctica. The mosquito host species-specificity of ISFs appears to be virus specific (Colmant et al., 2017). Although ISFs have been isolated exclusively from mosquitoes, ISF-like sequences have been detected by molecular methods (e.g RT-PCR) in other dipterans (e.g. flies and midges) indicating that some ISFs may not have a mosquito-restricted host range [reviewed in (Blitvich and Firth, 2015)].
The ISFa and ISFb naturally infect mosquitoes that breed in fresh water habitats in northern Australia. ISFa and ISFb were isolated from various regions of the Northern Territory, and are distributed in the Northern Territory and Kimberley region of Western Australia. ISFa and ISFb are known to be natural commensals of mosquitoes in northern Australia and cannot replicate in vertebrates.
Further information on the geographic distribution of the parent organisms is presented in the CCI Attachment to the RARMP, which was made available to the prescribed experts and agencies that were consulted on the RARMP.
[bookmark: _Toc511751131]Transmission of ISFs
ISFs replicate exclusively in mosquitoes. They are thought to be transmitted vertically from an infected female to her progeny with no vertebrate intermediate (Lutomiah et al., 2007; Saiyasombat et al., 2011; Bolling et al., 2012).
Once infected with an ISF, a mosquito can transmit that virus for the rest of its life. The detection of ISFs in mosquitoes of all life stages, including adults of both sexes, indicates that vertical transmission is the primary mechanism by which these viruses persist in mosquitoes in nature [reviewed in (Blitvich and Firth, 2015)].
The study by Bolling et al. (Bolling et al., 2012) examined insect-specific flavivirus transmission dynamics in a naturally-infected mosquito colony, and found that vertical transmission was the primary method of virus transmission, with venereal (sexual) transmission potentially playing a minor role.
The ability of the ISFa parental virus to be transmitted horizontally to mosquitoes via a blood meal was examined. Mosquitoes fed 1000 infectious particles of ISFa in a blood meal did not become infected with the virus. Further information on these experiments is presented in the CCI Attachment to the RARMP, which was made available to the prescribed experts and agencies that were consulted on the RARMP. No specific information related to ISFb horizontal transmission was provided in the application.
ISFs have not been isolated from any vertebrates in nature, nor have they been found to replicate in any vertebrate cell line that has been tested (Blitvich and Firth, 2015). In spite of extensive knowledge of flavivirus replication, little is known about the viral proteins and the stages of the replication cycle involved in ISF host range restriction. Recent studies with the ISF Niénokoué virus indicate that the ability of ISFs to infect vertebrates may be blocked at several stages of viral life cycle, including attachment/entry, RNA replication and at assembly/release (Junglen et al., 2017).
Analysis of the codon usage and dinucleotide bias in the genome of ISFs also reveals that they have genetically co-evolved with their insect hosts and are not optimised for replication or protein expression in vertebrate cells (Lobo et al., 2009).
To examine replication and transmissibility of the parental viruses in vertebrates, mice were inoculated with purified preparations of the parental viruses (1 mouse with ISFa and 1 mouse with ISFb). The mice were examined for an antibody response to a specific ISF protein that is indicative of a productive flavivirus infection and would be present in an infected host. There was no evidence of an antibody response to the specific ISF protein in the inoculated mice. This experiment indicated that the parental ISFs are unable to infect mice (vertebrate host) resulting in a productive flavivirus infection.
[bookmark: _Ref474747064][bookmark: _Ref481504062]Further information on transmission of the parent organisms is presented in the CCI Attachment to the RARMP, which was made available to the prescribed experts and agencies that were consulted on the RARMP.
[bookmark: _Toc511751132]Environmental stability and decontamination methods for ISFs
[bookmark: _Ref511675059]There is no specific information relating to the environmental stability or methods of decontamination for ISFa and ISFb. ISFa and ISFb would be expected to have similar physical characteristics to other flaviviruses, which do not survive for extended periods outside the host or vector organism. The dengue virus RNA genome has been found to be stable in dried blood for up to nine days at room temperature (Public Health Agency of Canada, 2011). In contrast, Yellow fever virus particles are more fragile, with 0.16% or less of the virus remaining viable after 60 minutes when aerosolised at 27°C with a relative humidity of 30-80% (Mayhew et al., 1968). Flavivviruses like WNV have been found to be rapidly inactivated outside of a host, even when in an ideal isotonic environment (e.g. cell culture medium), with 90% of virus viability lost within 24 hours and 99% lost after 72 hours at ambient temperature (Mayo and Beckwith, 2002).
Flaviviruses can be physically inactivated by ultraviolet light, desiccation, gamma-irradiation or heat. For example, Yellow fever virus or WNV are inactivated after 30 minutes at 60°C (Public Health Agency of Canada, 2010a, b). Dengue virus is sensitive to moist heat (121°C for at least 15 min), dry heat (160-170°C for at least 1 hour), and low temperature sterilisation (ethylene oxide or plasma sterilisation) or low PH (Public Health Agency of Canada, 2011).
Flaviviruses are also sensitive to household disinfectants and detergents. For example, dengue virus is susceptible to 1% sodium hypochlorite, 2% gluteraldehyde, 2% peracetic acid, 70 % ethanol, iodophors, phenolic compounds, and 3-6% hydrogen peroxide (Public Health Agency of Canada, 2011).
[bookmark: _Ref481504572][bookmark: _Toc511751133]The GMOs – nature and effect of genetic modifications
[bookmark: _Ref481504424][bookmark: _Ref505693020][bookmark: _Toc511751134]The genetic modification[footnoteRef:4] [4:  The identity of the parent organisms, as well as details of the design, construction and genetic modifications of the GMO, including the identity and function of the introduced Kunjin virus genes have been declared as Confidential Commercial Information (CCI) under section 185 of the Act. Any confidential information was made available to the prescribed experts and agencies.] 

To generate the GMOs, a single copy of two genes that code for virion proteins of KUNV were incorporated into ISFa and ISFb in place of the corresponding genes of the parental viruses. The genetic modification results in the GMOs (ISFa-KUN and ISFb-KUN), which are live GM viruses that are intended to stimulate an immune response in vaccinated crocodiles to protect against infection by KUNV.
Kunjin virus (KUNV); family Flaviviridae, genus Flavivirus, is a member of the WNV group of flaviviruses. 
An Australian isolate of KUNV (KUNVMRM61C) was the source of the genes introduced into the GMOs. KUNVMRM61C was isolated from Culex annulirostris mosquitoes in Queensland in 1960 and has been demonstrated to be a naturally occurring attenuated strain of Kunjin virus (Prow et al., 2016).
KUNV has traditionally been associated with mild and rare disease in humans and horses in Australia (Prow, 2013). However, KUNV has caused rare outbreaks of severe neurological disease in horses in Australia, which appear to have been caused by a more virulent isolate of the virus referred to as KUNVNSW2011 (Frost et al., 2013). KUNV is endemic to northern Australia and infections are usually asymptomatic (Hayes et al., 2005).
Birds serve as the major natural reservoirs for WNV and KUNV. KUNV is transmitted by the bite of a mosquito that has been infected by feeding on infected birds. Humans and most other mammals are regarded as dead-end hosts, since they do not produce sufficient viremia to infect mosquitoes (Prow, 2013).
The GM viruses contain genes and regions of the genome[footnoteRef:5] that together form the viral replicative complex from the ISF parental viruses. As a result, it is expected that the GMOs will only replicate in insect cells and not in vertebrate cells, due to the incompatibility of the ISF replicative complex of the GMOs with vertebrate cell factors (Junglen et al., 2017). [5:  Further information on the design, construction and genetic modifications of the GMO, including the identity and function of the introduced Kunjin virus genes replication properties of the ISFa-KUN or ISFb-KUN GMOs is presented in the CCI Attachment to the RARMP, which was made available to the prescribed experts and agencies that were consulted on the RARMP.] 

Characterisation of the phenotype of the GMOs
The GMOs have been examined for the ability to replicate in vertebrate cells. The ISFb-KUN GMO was inoculated into mosquito cells (C6/36) and a range of vertebrate cell lines including mouse cells (mouse embryonic fibroblasts), monkey cells (Veros), hamster cells (BHK/BSR), chicken fibroblast cells (DF1) and crocodile cells (3CPL). The ISFa-KUN GMO was inoculated into mosquito cells, monkey cells (Veros) and hamster cells (BHK). An immunofluorescent antibody to the GMOs was used to test for the production of viral protein and infectious titre assays were used to detect production of infectious virus in the various cells examined. The GMOs were found to replicate in the C6/36 mosquito cell line, but not in any of the vertebrate cells tested[footnoteRef:6]. [6:  Further information on the replication properties of the ISFa-KUN or ISFb-KUN GMOs is presented in the CCI Attachment to the RARMP, which was made available to the prescribed experts and agencies that were consulted on the RARMP.] 

No insect or vertebrate (animal or human) transmissibility studies of the ISFa-KUN and ISFb-KUN GMOs were provided in the application.
Genotype stability and molecular characterisation of the GMOs
The genetic stability of the ISFa-KUN and ISFb-KUN GMOs were examined by nucleotide sequence analysis (Deoxyribonucleic acid (DNA) sequencing) after serial passaging in mosquito cells. The DNA sequencing of the GMOs indicated no changes to the predicted amino acid sequences relative to those of the donor (KUNV-derived) or the flanking parental (ISFa- or ISFb-derived) proteins.
[bookmark: _Toc511751135]Receiving environment
The receiving environment forms part of the context for assessing risks associated with dealings with GMOs. It informs the consideration of potential exposure pathways, including the likelihood of the GMOs spreading or persisting outside the site of release.
[bookmark: _Toc511751136][bookmark: _Toc415557577][bookmark: _Toc169061702][bookmark: _Ref190155019][bookmark: _Ref190670449][bookmark: _Ref190670474][bookmark: _Ref190670740][bookmark: _Ref191365337][bookmark: _Ref191365347][bookmark: _Ref191716941][bookmark: _Ref191956918][bookmark: _Ref206392980][bookmark: _Toc219529476][bookmark: _Ref227915152][bookmark: _Ref227997583][bookmark: _Ref227997971][bookmark: _Ref235845124]Site of release
The GMOs will be trialled at two crocodile farms in the Litchfield Council in the Northern Territory: Darwin Crocodile Farm, Bees Creek; and Janamba Crocodile Farm, Middle Point.
[bookmark: _Ref427327517][bookmark: _Toc511751137]Related viral species in the receiving environment
The presence of related viral species may offer an opportunity for introduced genetic material to transfer horizontally from the GMOs to other organisms in the receiving environment.
The more common mosquito-borne viruses in the Australian environment such as the Ross River virus, Barmah Forest virus and Chikungunya virus, are alphaviruses that are unrelated to the parent organisms.
The major mosquito-vectored flaviviruses in the Australian environment, including the Northern Territory, are Murray Valley encephalitis virus, the Kunjin virus and Japanese encephalitis virus. Other flaviviruses present in Australia include Alfuy virus, Kokobera virus (van den Hurk et al., 2001), Hepatitis C virus, and seasonal outbreaks of Dengue virus (Liu et al., 2005; 2006; 2008; Fitzsimmons et al., 2009).
The parent insect-specific flaviviruses were isolated from mosquitoes in northern Australia, and so are likely to be in the release area. Recent studies have identified ISFs in various regions of Australia, however the majority of these are poorly characterised (Blitvich and Firth, 2015; Colmant et al., 2017).
[bookmark: _Toc427070791][bookmark: _Toc484522252][bookmark: _Toc511751138]Similar genetic material in the environment
The parent organisms are normally associated with mosquitoes in northern Australia, indicating that the parental virus genetic material is already associated with the region (northern Australia) where the field trials are to take place.
The genes introduced into the ISF parental viruses were derived from a naturally occurring Australian isolate of Kunjin virus, therefore similar genetic material would already be present in the environment.
[bookmark: _Ref427327533][bookmark: _Toc511751139]Potential hosts in the environment
The parent organisms for the GMOs are normally associated with mosquitoes in northern Australia. Therefore, mosquitoes, and possibly other dipterans, found in northern Australia are potential hosts for the GMOs.
The GMOs are able to replicate in insect cells but not in vertebrate cells, indicating that crocodiles, other animals and humans are not potential hosts.
[bookmark: _Toc511751140]Previous authorisations
[bookmark: _Toc427070793][bookmark: _Toc511751141]Australian authorisations
The GMOs have never been registered in Australia or elsewhere.
Work to develop the GMOs in the laboratory, including testing and preliminary experiments, have been authorised under the Act as Notifiable Low Risk Dealings (NLRDs) conducted by The University of Queensland.
[bookmark: _Toc427070794][bookmark: _Toc511751142]International authorisations and experience
No application for the use or marketing of the GMOs has been submitted to overseas regulatory authorities.
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[bookmark: _Ref482353333][bookmark: _Ref482356842][bookmark: _Toc511751143]Risk Assessment
[bookmark: _Toc511751144]Introduction
[bookmark: _Ref298160107][bookmark: _Ref298160103]Risk assessment identifies and characterises risks to the health and safety of people or to the environment from dealings with GMOs (Figure 4). Risks are identified within the established risk context (see Chapter 1) and take into account current scientific and technical knowledge. Uncertainty, and in particular knowledge gaps, is considered throughout the risk assessment process.
RISK ASSESSMENT PROCESS *
Risk 
scenarios
Substantive Risks
Risk Evaluation
Consequence assessment
Likelihood assessment
Identification of substantive risks
Negligible risks
RISK IDENTIFICATION
RISK CHARACTERISATION
Risk context
Postulation of risk scenarios
* Risk assessment terms are defined in the Risk Analysis Framework 2013

[bookmark: _Ref475627508][bookmark: _Toc507580987]Figure 4.	The risk assessment process
Risk identification first considers a wide range of circumstances whereby the GMO, or the introduced genetic material, could come into contact with people or the environment. Consideration of these circumstances leads to postulating plausible causal or exposure pathways whereby dealings with a GMO (risk scenarios) may, in the short and long term, harm people or the environment.
Postulated risk scenarios are screened to identify substantive risks that warrant detailed characterisation. Substantive risks are further assessed when a risk scenario is considered to have some reasonable chance of causing harm. Pathways that do not lead to harm, or could not plausibly occur, do not advance in the risk assessment process.
Risk identification techniques used by the Regulator and evaluators at the OGTR include checklists, brainstorming, reported international experience and consultation. In conjunction with these techniques, risk scenarios postulated in RARMPs prepared previously for licence applications of the same and similar GMOs are also considered.
Substantive risks (i.e. those identified for further assessment) are characterised in terms of the potential seriousness of harm (Consequence assessment) and the likelihood of harm (Likelihood assessment). The level of risk is then estimated from a combination of the Consequence and Likelihood assessments. Risk evaluation then combines the Consequence and Likelihood assessments to determine level of risk and whether risk treatment measures are required. The potential for interactions between risks is also considered.
[bookmark: _Ref426970262][bookmark: _Toc511751145]Risk Identification
Postulated risk scenarios are comprised of three components (Figure 5):
i. Source of potential harm (risk source)
ii. Plausible causal linkage to potential harm (causal pathway) and
iii. Potential harm to an object of value (people or the environment).
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[bookmark: _Ref475973596][bookmark: _Ref475973580][bookmark: _Toc507580988]Figure 5.	Components of a risk scenario
[bookmark: _GoBack]In addition, the following factors are taken into account when postulating relevant risk scenarios for this licence application:
· the proposed dealings, which are conduct experiments with the GMOs, transport and disposal of the GMOs, and possession (including storage), supply and use in the course of any of these dealings
· restrictions placed on conduct of the experiments with the GMOs, transport and disposal of GMOs by other regulatory agencies, the relevant Territory and local councils
· characteristics of the parent organism
· routes of exposure to the GMOs
· potential for transmission
· potential exposure to the same genes from environmental sources
· the release environment and
· practices during and after administration of the GMOs including crocodile farming practices.
Flaviviruses are normally transmitted horizontally between vertebrate hosts and an arthropod host or through direct blood contact. Aerosol transmission is not considered as a viable route of infection for flaviviruses, including the GMOs. Therefore, aerosol transmission will not be considered further.
People working at or visiting the trial sites (crocodile pens) could be exposed to GMOs if they were shed from the vaccinated crocodiles. This could occur when handling the GMO-treated crocodiles (alive or dead carcasses), feeding the animals, cleaning pens and equipment used on site, and handling of waste. However, flaviviruses are not known to be shed from infected hosts, therefore the only likely shedding of GMOs is from the injection site immediately after inoculation. As discussed in Chapter 1, Paragraph 115, flaviviruses are highly susceptible to degradation outside of the host organism and are rapidly degraded even under ideal conditions. If shedding was to occur, the GMOs would be expected to deteriorate quickly in field trial conditions and not persist in the environment. In addition, the GMOs are replication defective in vertebrate cells (e.g. human and animal cells), therefore any exposure to people or animals would not result in a viral infection. For these reasons, transmission of the GMOs from crocodiles through shedding and subsequent inadvertent contact with people or animals will not be considered further.
After inoculated crocodiles reach the appropriate age for harvesting (12-30 months after inoculation), they would be processed on-site in the same way as for other commercial crocodiles at the farm sites. The GMOs are replication defective in vertebrate cells and the GMO viral particles are expected to be rapidly cleared by the crocodiles immune response. Any processing of inoculated crocodiles for meat or other products would not occur until months after inoculation, when no GMO would be present. Any inoculated crocodiles that die soon after inoculation will be disposed of according to normal farm protocols as biohazardous waste. The applicant has proposed to test for the persistence of the GMOs in inoculated crocodiles on the farms. Animals thought to contain viable GMOs will not be processed for meat or animal products, but will be euthanised and disposed of as biohazardous waste. For these reasons, exposure or transmission of the GMOs from crocodiles to people or animals via food or other products of inoculated crocodiles will not be considered further.
The GMOs and samples containing the GMO are proposed to be transported and stored according to the Regulator’s Guidelines for the Transport, Storage and Disposal of GMOs. These are standard protocols for the handling of GMOs to minimise exposure to the GMOs. The GMOs proposed for field trial in this application could be transported according to these guidelines under an NLRD authorisation, so risks associated with such transport will not be not be further assessed.
[bookmark: _Toc511751146]Postulated risk scenarios
Three risk scenarios were postulated, as summarised in Table 1. These risk scenarios were evaluated considering both short and long term effects, and in the context of practices proposed by the applicant. Detailed evaluations of these scenarios are provided later in this section. None of the risk scenarios were identified as a risk that could be greater than negligible and warranting further scrutiny.
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[bookmark: _Ref505788266]Summary of risk scenarios from dealings with GMO
	Risk Scenario
	Substantive risk?
	Reasons 

	#
	Risk source
	Causal Pathway 
	Potential harm
	
	

	1. 
	GM ISFa‑KUN or ISFb‑KUN 
	Exposure of people undertaking dealings to GMO via needle stick/sharps injury during GMO preparation, injection or sample collection

Transduction of cells

Expression of GM vaccine proteins

Inappropriate immune response and/or establishment of viral infection
	Ill health, increased disease burden
	No
	· Animal handling and containment procedures for crocodile farms follow standardised biosecurity measures
· PPE (e.g. gloves) minimises potential exposure
· Only trained and experienced personnel will prepare and administer GMOs and will be trained in use and disposal of sharps
· Only trained and experienced personnel will handle animals, including during and after vaccination
· Animals will be restrained during injection or sampling
· Any dose of GMO received through accidental exposure would be far smaller than that administered during inoculation
· GMOs are replication defective in vertebrate cells (e.g. human cells) and viral particles are expected to be rapidly cleared by the immune response
· Any expression of the introduced KUNV proteins will be transient

	2. 2
	GM ISFa‑KUN or ISFb‑KUN
	1. Crocodiles inoculated with GMOs

1. Mosquitoes or other insects pick up the GMO via horizontal transmission (e.g. feeding/blood meal)

1. GMOs infect and replicate in mosquitoes or other insects
	Increased disease burden for mosquito or other insects, impacts on insect biodiversity
	No
	· GMO is administered subcutaneously or intramuscularly and is expected to remain localised at the site of injection in the crocodile, with very little GMO entering the bloodstream
· As the GMOs are replication defective in vertebrate cells, the crocodiles immune system would be expected to clear the GMOs within hours to a few days of inoculation
· For a limited time, only a small portion of GMO would be present in the crocodile vascular system to be available for transmission to a mosquito or insect via blood meal
· The parental ISFs are natural commensals of mosquitoes in northern Australia and the genetic modifications are not expected to alter the non-pathogenic nature of this relationship
· Due to the transmission characteristics of ISFs, any insect infected with the GMO would only be expected to transmit the GMO to its own progeny and not to the wider insect population

	3. 
	GM ISFa‑KUN or ISFb‑KUN 
	1. Crocodiles inoculated with GMOs

1. Mosquitoes or other insects pick up the GMOs via horizontal transmission (e.g. feeding/blood meal)

ii. Mosquito or insect is already, or later becomes, infected with another flavivirus

iii. Both viruses infect and replicate in the same cell

iv. GM virus recombines with other flavivirus virus in the host

v. Recombinant virus establishes infection

vi. Mosquito or insect spreads recombinant virus to animals or people

vii. Recombinant virus infects and replicates animals or people
	Increased disease burden for animals or people
	No
	· GMO is administered subcutaneously or intramuscularly and is expected to remain localised at the site of injection in the crocodile, with very little GMO entering the bloodstream
· As the GMOs are replication defective in vertebrate cells, the crocodiles immune system would be expected to clear the GMOs within hours to a few days of inoculation
· For a limited time, only a small portion of GMO would be present in the crocodile vascular system to be available for transmission to a mosquito or insect via blood meal
· For recombination to occur, the GMO and other flavivirus need to be present in the same cell
· Recombination between flaviviruses is extremely rare and typically results in viral attenuation
· All of the genetic material in the GMOs is present in the environment in northern Australia, and therefore already opportunity for recombination in the absence of the GMO
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Risk scenario 1 – Exposure of people undertaking dealings to GMO
	Risk source
	GM ISFa‑KUN or ISFb‑KUN

	Causal pathway
	1. Exposure of people undertaking dealings to GMO via needle stick/sharps injury during GMO preparation, injection or sample collection

1. Transduction of cells

Expression of GM vaccine proteins

Inappropriate immune response and/or establishment of viral infection

	Potential harm
	Ill health, increased disease burden


Risk source
The source of potential harm for this postulated risk scenario is GM ISFa‑KUN or ISFb‑KUN.
Causal Pathway
There are a number of ways that people may be exposed to the GMOs while undertaking the dealings as part of this field trial.
Exposure to people involved in the field trials may occur via needle stick/sharps injury during GMO preparation, injection or sample collection. The frozen GMOs need to be thawed and reconstituted with buffer containing adjuvant. The applicant proposes that workers preparing the GMOs or cleaning spills would wear personal protective equipment (PPE), including gloves.
Prior to inoculation, people conducting the dealings would be trained in handling, preparing and administering the GMOs. Animals will be restrained by a trained crocodile farm handler wearing puncture-resistant gloves. Inoculation and the collecting of samples would be conducted by appropriately trained farm/research personnel or a registered veterinarian, wearing gloves, safety glasses and a puncture-resistant glove on the hand not holding the syringe. Access to crocodile pens and handling of crocodiles is restricted to authorised personnel wearing appropriate PPE.
Following administration of the GMOs, used vials and other waste generated during the vaccination procedure and any unused GMOs, will be subject to decontamination using 10% bleach, 70% ethanol or disposal as biohazardous material. After handling the GMOs, any work surfaces used will be decontaminated with an appropriate chemical disinfectant, following standard farm procedures.
[bookmark: _Ref505860569]As described in Chapter 1 Section 4.2, the parent organisms are not able to replicate in vertebrates (including people); the genetic modifications are not expected to change this characteristic; and the applicant has shown that the GMOs do not replicate in vertebrate cells. Therefore, any exposure via needle-stick or sharps injury to persons conducting the dealings would not result in viral infection.
Potential harm
The GMOs cannot replicate in vertebrate cells, therefore exposure to the GMOs will not lead to viral infection/disease in humans.
As the parent ISFs and KUNV are present in the environment, people would already be exposed to the expressed proteins. As the GMOs cannot replicate in vertebrate cells, any exposure to the GMOs and the viral proteins would be at low levels and transient, minimising the potential for an inappropriate immune response.
Conclusion
Risk scenario 1 is not identified as a substantive risk because exposure is limited by the proposed practices, and the GMOs cannot replicate in humans and are not expected to cause disease or other harms in people who are exposed. Therefore, this risk could not be greater than negligible and does not warrant further detailed assessment.
Risk scenario 2 – Exposure of mosquitoes or other insects to the GMOs
	Risk source
	GM ISFa‑KUN or ISFb‑KUN

	Causal pathway
	1. Crocodiles inoculated with GMOs

Mosquitoes or other insects pick up the GMO via horizontal transmission (e.g. feeding/blood meal)

GMOs infect and replicate in mosquitoes or other insects

	Potential harm
	Increased disease burden for mosquito or other insects, impacts on insect biodiversity


Risk source
The source of potential harm for this postulated risk scenario is GM ISFa‑KUN or ISFb‑KUN.
Causal Pathway
Mosquitoes or other insects may be exposed to the GMO at the trial site when feeding on inoculated crocodiles or when in contact with meat or animal products from inoculated crocodiles. While ISFs have been isolated exclusively from mosquitoes, there is a possibility that ISFs may be found in other dipteran insects (see paragraph 104).
As discussed in Risk Scenario 1, the GMOs are replication defective in vertebrate cells and are not expected to persist in the inoculated crocodile.
Additionally, after the GMO is administered subcutaneously or intramuscularly, it is expected to be taken up by antigen-presenting cells (macrophages and dendritic cells) in the region of the inoculation and sequestered into the local lymph nodes where it will be broken down by the immune system. There is potential for some of the GMOs to enter the crocodile’s vascular system, and therefore to be available to feeding insects, however the amount would be minimal. As horizontal transmission of flaviviruses from a vertebrate host to an insect host normally requires a high level of viremia, and the level of GMO in the blood of inoculated crocodiles is expected to be minimal, transmission from an inoculated crocodile to a feeding insect is considered unlikely.
Any processing of inoculated crocodiles for meat or other products would not occur until months after inoculation, when no GMO would be present. Any inoculated crocodiles that die soon after inoculation will be disposed of according to normal farm protocols by a waste contractor.
The applicant has proposed to test for the persistence of the GMOs in inoculated crocodiles on the farms. Animals thought to contain viable GMOs will not be processed for meat or animal products, but will be euthanised and disposed of as biohazardous waste according to Commonwealth and Territory requirements (Chapter 1 Section 3.3.9).
The applicant has also proposed to monitor for the presence of the GMOs in non-inoculated crocodiles and mosquitoes on the farms. If the GMOs are found to be transmitted to other animals or insects, the applicant will cease GMO-inoculations and implement measures to contain the GMOs and prevent further dispersal or persistence of the GMOs in the environment.
Potential harm
The parental ISFs are natural commensals of mosquitoes in northern Australia, and the genetic modifications are not expected to alter the non-pathogenic nature of this relationship. As discussed in Chapter 1 Section 4.2.1, many arbovirus flaviviruses, including KUNV, are transmitted via insect hosts and do not appear to have significant detrimental effects on insect persistence in the environment. There are reports that WNV (arbovirus) infections in mosquito vectors can be cytopathic, however there is no definitive evidence that WNV infections result in significant changes in survival between infected and uninfected mosquitoes.
The primary means of transmission of ISFs is vertically from mother to progeny, with sexual transmission potentially playing a minor role. (Bolling et al., 2012). This would limit spread of the GMO and minimise any potential impact on mosquito populations.
Conclusion
Risk scenario 2 is not identified as a substantive risk because exposure is minimised by the route of inoculation, the inability of the GMOs to replicate in the crocodiles, the GMOs are not expected to cause disease in mosquitoes or other insects that may be exposed, and there is little potential for spread of the GMOs in insect populations. Therefore, this risk could not be greater than negligible and does not warrant further detailed assessment.
Risk scenario 3 – Horizontal transfer of genes or genetic elements
	Risk source
	GM ISFa‑KUN or ISFb‑KUN

	Causal pathway
	1. Crocodiles inoculated with GMOs

1. Mosquitoes or other insects pick up the GMOs via horizontal transmission (e.g. feeding/blood meal)

xii. Mosquito or insect is already, or later becomes, infected with another flavivirus

xiii. Both viruses infect and replicate in the same cell

xiv. GM virus recombines with other flavivirus virus in the host

xv. Recombinant virus establishes infection

xvi. Mosquito or insect spreads recombinant virus to animals or people

Recombinant virus infects and replicates animals or people

	Potential harm
	Increased disease burden for animals or people


Risk source
The source of potential harm for this postulated risk scenario is GM ISFa‑KUN or ISFb‑KUN.
Causal Pathway
Mosquitoes and other insects are commonly exposed to flaviviruses. For example KUNV is endemic in northern Australia, including around the trial sites, and there are occasional outbreaks of other flaviviruses in the region. Insects may be infected by more than one flavivirus.
Mosquitoes or other insects may be exposed to the GMOs at the trial site when feeding on inoculated crocodiles or when in contact with meat or animal products from inoculated crocodiles, however as described in risk scenario 2 this is unlikely.
Even if a mosquito or other insect were to be infected by the GMO and another flavivirus, the frequency of recombination in flaviviruses is extremely low (Taucher et al. 2010).
Potential harm
Recombination between the GMO and another flavivirus strain could result in viral progeny having any permutation of genomic segments of the two parent strains. In theory, recombination could produce a less, similar or more virulent phenotype than either parent strain. However, artificially produced recombinants between a number of flaviviruses have all shown reduced pathogenesis and/or virulence when compared with the parent viruses (for example: Pletnev et al., 1992; Arroyo et al., 2001; Pletnev et al., 2002; Mathenge et al., 2004; Guy et al., 2008; Domingo and Niedrig, 2009). Therefore, it is not expected that recombination between the GMO and a circulating flavivirus strain would lead to virus which is more pathogenic or virulent than the circulating flavivirus. Additionally, given that the GMOs are not able to replicate in vertebrate cells, recombination with a dual-host flavivirus is not likely to generate a new virus which replicates efficiently in vertebrates, which would limit its potential spread and persistence.
Baseline information on the presence of the parental viruses and introduced genes or similar genetic elements is provided in Chapter 1. The parental viruses and introduced genetic elements are derived from naturally occurring viruses already present in the environment in northern Australia. Therefore, all of the genetic material is already available for recombination.
Conclusion
Risk Scenario 3 is not identified as a substantive risk as exposure of mosquitoes to the GMOs is unlikely (as described in risk scenario 2), recombination among flaviviruses is rare, and any recombinant flavivirus strain is likely to be of less or similar virulence than the parental viruses. Therefore, this risk could not be greater than negligible and does not warrant further detailed assessment.
[bookmark: _Toc511751147]Uncertainty
Uncertainty is an intrinsic part of risk analysis[footnoteRef:7]. There can be uncertainty in identifying the risk source, the causal linkage to harm, the type and degree of harm, the likelihood of harm or the level of risk. In relation to risk management, there can be uncertainty about the effectiveness, efficiency and practicality of controls. [7:  A more detailed discussion is contained in the Regulator’s Risk Analysis Framework available from the OGTR website or via Free call 1800 181 030.] 

There are several types of uncertainty in risk analysis (Bammer & Smithson 2008; Clark & Brinkley 2001; Hayes 2004). These include:
· uncertainty about facts:
· knowledge – data gaps, errors, small sample size, use of surrogate data
· variability – inherent fluctuations or differences over time, space or group, associated with diversity and heterogeneity
· uncertainty about ideas:
· description – expression of ideas with symbols, language or models can be subject to vagueness, ambiguity, context dependence, indeterminacy or under-specificity
· perception – processing and interpreting risk is shaped by our mental processes and social/cultural circumstances, which vary between individuals and over time.
Uncertainty is addressed by approaches such as balance of evidence, conservative assumptions, and applying risk management measures that reduce the potential for risk scenarios involving uncertainty to lead to harm. If there is residual uncertainty that is important to estimating the level of risk, the Regulator will take this uncertainty into account in making decisions.
As field trials of GMOs are designed to gather data, there are generally data gaps when assessing the risks of a field trial application. However, field trial applications are required to be limited and controlled. Even if there is uncertainty about the characteristics of a GMO, limits and controls restrict exposure to the GMO, and thus decrease the likelihood of harm.
For DIR 159, uncertainty is noted in relation to the length of time it will take for an inoculated crocodile’s immune system to clear the GMOs from its body. The route of inoculation and the inability of the GMOs to replicate in crocodiles restrict the potential of the GMOs to be transmitted to mosquitoes or other insects. While data demonstrating the inability to replicate in a crocodile cell line was provided only for ISFb-KUN, there is minimal uncertainty about the ability of both GMOs to replicate in crocodiles due to the properties of the parent organisms, as well as testing of both GMOs in a range of other vertebrate cell lines. The applicant has proposed to test for the presence of the GMOs in inoculated crocodiles, and to not release GMO-inoculated crocodiles into the general population or for processing unless testing confirms that that the GMOs have been cleared.
Some uncertainty is also noted in relation to the behaviour of the GMOs in mosquitoes and other insects, including their ability for transmission, replication and their potential effects on infected insects. However, the opportunity for exposure of mosquitoes and insects is minimal. Nevertheless, the applicant has proposed to test for the presence of the GMOs in non-inoculated crocodiles and mosquitoes to address these areas of uncertainty. Data from this testing would be made available to the OGTR.
Overall, the level of uncertainty in this risk assessment is considered low and does not impact on the overall estimate of risk.
[bookmark: _Toc511751148]Risk evaluation
Risk is evaluated against the objective of protecting the health and safety of people and the environment to determine the level of concern and, subsequently, the need for controls to mitigate or reduce risk. Risk evaluation may also aid consideration of whether the proposed dealings should be authorised, need further assessment, or require collection of additional information.
Factors used to determine which risks need treatment may include:
· risk criteria
· level of risk
· uncertainty associated with risk characterisation
· interactions between substantive risks.
Three risk scenarios were postulated whereby the proposed dealings might give rise to harm to people or the environment. In the context of the proposed release sites, limits and controls proposed by the applicant, biosecurity measures, local council and state requirements, and considering both the short and long term consequences, none of these scenarios were identified as substantive risks. The principal reasons for these conclusions are summarised in Table 1 and include:
· the limited host range of the GMOs
· the transmission characteristics of the parent organisms
· the inability of the GMOs to replicate in vertebrates
· limited ability and opportunity for the GMOs to transfer the introduced genes
· suitability of the controls proposed by the applicant.
Therefore, risks to the health and safety of people, or the environment, from the proposed release of the GMO into the environment are considered to be negligible. The Risk Analysis Framework, which guides the risk assessment and risk management process, defines negligible risks as risks of no discernible concern with no present need to invoke actions for mitigation. Therefore, no controls are required to treat these negligible risks. Hence, the Regulator considers that the dealings involved in this proposed release do not pose a significant risk to either people or the environment.
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[bookmark: _Ref427331120][bookmark: _Toc511751149]Risk management plan
[bookmark: _Toc416871458][bookmark: _Toc511751150]Background
Risk management is used to protect the health and safety of people and to protect the environment by controlling or mitigating risk. The risk management plan addresses risks evaluated as requiring treatment and considers limits and controls proposed by the applicant, as well as general risk management measures. The risk management plan informs the Regulator’s decision-making process and is given effect through licence conditions.
Under Section 56 of the Act, the Regulator must not issue a licence unless satisfied that any risks posed by the dealings proposed to be authorised by the licence are able to be managed in a way that protects the health and safety of people and the environment.
All licences are subject to three conditions prescribed in the Act. Section 63 of the Act requires that each licence holder inform relevant people of their obligations under the licence. The other statutory conditions allow the Regulator to maintain oversight of licensed dealings: Section 64 requires the licence holder to provide access to premises to OGTR inspectors and Section 65 requires the licence holder to report any information about risks or unintended effects of the dealing to the Regulator on becoming aware of them. Matters related to the ongoing suitability of the licence holder are also required to be reported to the Regulator.
The licence is also subject to any conditions imposed by the Regulator. Examples of the matters to which conditions may relate are listed in Section 62 of the Act. Licence conditions can be imposed to limit and control the scope of the dealings. In addition, the Regulator has extensive powers to monitor compliance with licence conditions under Section 152 of the Act.
[bookmark: _Toc416871459][bookmark: _Toc511751151]Risk treatment measures for substantive risks
The risk assessment of risk scenarios listed in Chapter 2 concluded that there are negligible risks to people and the environment from the proposed trial of the GM viruses. These risk scenarios were considered in the context of the scale of the proposed release and the proposed containment measures (which include standard industry practice, and state and local requirements), and considering both the short and the long term. The risk evaluation concluded that no specific risk treatment measures are required to treat these negligible risks. Limits and controls proposed by the applicant and other general risk management measures are discussed below.
[bookmark: _Toc416871460][bookmark: _Toc511751152]General risk management
The limits and controls proposed in the application were important in establishing the context for the risk assessment and in reaching the conclusion that the risks posed to people and the environment are negligible. Therefore, to maintain the risk context, licence conditions have been imposed to limit the release to the proposed size, location and duration, and to restrict the spread and persistence of the GMOs and their genetic material in the environment. The conditions are discussed and summarised in this Chapter and listed in detail in the licence.
[bookmark: _Toc511751153]Licence conditions to limit and control the release
Consideration of limits and controls proposed by The University of Queensland
Chapter 1 provide details of the limits and controls proposed by The University of Queensland in their application. Many of these are discussed in the three risk scenarios characterised for the proposed release in Chapter 2. The appropriateness of these controls is considered further below.
The applicant proposed that the field trials are carried out at 2 crocodile farms in the Northern Territory and the duration of the field trials would be limited to five years. The applicant proposed inoculating up to 2800 crocodiles. Access to the farms participating in the trial would be controlled. These measures would minimise the potential exposure of people and other organisms to the GMO, and are included in the licence.
The GMOs will be administered to juvenile crocodiles (between 3 to 6 month’s old, weighing approximately 350 grams) by subcutaneous or intramuscular injection into the tail. The GMOs would only be administered by a suitably trained farm or research personnel, or registered veterinarian associated with the trial. The applicant proposed that workers preparing the GMOs would wear PPE (Risk scenario 1). During GMO administration or sampling, animals will be restrained by a trained crocodile farm handler wearing puncture-resistant gloves. The persons performing the injections or taking blood samples will wear a puncture-resistant glove on the hand not holding the syringe. Wearing personal protective equipment, including gloves would minimise exposure of workers to the GMOs. These measures have been included in the licence. Conditions are also included in the licence requiring that experimentation with the GMOs or GMO-treated crocodiles to be undertaken within a nominated trial area.
As discussed in Chapter 1, the GMOs are expected to be broken down by the crocodile’s immune response and cleared from the crocodile within hours to a few days of vaccination, however there is no empirical evidence to confirm this expectation. The applicant has proposed to test crocodiles for the presence of the GMOs at various time-points post-inoculation. Testing of a proportion of GMO-inoculated crocodiles will provide confirmation that the GMOs are rapidly cleared, and has been imposed as a licence condition. To minimise the exposure of people to the GMO, a condition has been included in the licence which prohibits the release of crocodiles thought to contain viable GMOs to the general crocodile population or for processing. Procedures to account for all GMO-inoculated crocodiles, including tagging and record-keeping, must be in place, and inoculated crocodiles must be segregated from non-inoculated crocodiles until testing indicates that the GMOs are no longer present. 
The applicant also proposed to test non-inoculated crocodiles and mosquitoes on participating farms, as well as water in the pens, for presence of the GMOs. The testing of mosquitoes and non-inoculated crocodiles will help confirm the expectation that the GMOs do not transmit to mosquitoes or to other crocodiles. The licence includes conditions requiring the licence holder to submit to the Regulator, and implement, a plan for testing of mosquitoes and non-inoculated crocodiles at each Participating farm. Testing of pen water has not been included in the licence, as flaviviruses are only transmitted via an insect vector, not via environmental exposure. Additionally, any shedding of the GMOs would only be from the inoculation site and would be minimal, flaviviruses are highly labile in the environment and water from the crocodile pens is changed and decontaminated frequently.
As noted in Chapter 1, a range of biosecurity measures and general farm management procedures are routinely applied at crocodile farms to minimise pathogen occurrence and spread. Decontamination measures for people, sheds and farm equipment are proposed by the applicant. Most of these standard measures were not considered important in the risk assessment due to mechanism of transmission, limited host range and inability of the GMOs to replicate in vertebrate cells, as well as the limited persistence of flaviviruses in the environment outside a host cell. Therefore these general measures are not included in licence conditions. However, appropriate waste management was considered in relation to Risk scenario 1. Animal carcasses and other biological waste considered to contain viable GMOs will be disposed of in secured bins for disposal by a waste contractor. All equipment and materials contaminated with the GMO such as bottles, vials, needles and other GMO-contaminated materials would be disinfected after use or disposed of as biohazardous material by a waste contractor. Conditions are included in the licence requiring that all waste and equipment that may be contaminated with the GMO is to be decontaminated or disposed of as biohazardous material, in accordance with applicable legislation.
The GMOs and samples containing the GMOs would be transported and stored according to the Regulator’s Guidelines for the Transport, Storage and Disposal of GMOs. These are standard protocols for the handling of GMOs to minimise exposure to the GMOs. The licence requires that transport and storage of the GMOs and samples be in accordance with the Guidelines.
Summary of licence conditions to be implemented to limit and control the release
A number of licence conditions have been imposed to limit and control the proposed release, based on the above considerations. These include requirements to:
· limit the field trials to inoculation of up to 2,800 crocodiles at the 2 nominated farms in the Northern Territory, from the date of licence issue to May 2023
· restrict access to trial areas
· ensure personnel involved in the trial are appropriately trained
· test crocodiles for the presence of the GMOs post-inoculation, segregate GMO-inoculated crocodiles from other crocodiles and prevent their processing until the GMOs are determined to be no longer present
· ensure compliance with Northern Territory requirements for waste disposal
· transport and store the GMO and samples from GMO-treated crocodiles in accordance with the Regulator’s Guidelines for the Transport, Storage and Disposal of GMOs, in force at the time.
[bookmark: _Toc511751154]Other risk management considerations
All DIR licences issued by the Regulator contain a number of conditions that relate to general risk management. These include conditions relating to:
· applicant suitability
· contingency plans
· identification of the persons or classes of persons covered by the licence
· reporting requirements
· access for the purpose of monitoring for compliance.
Applicant suitability
In making a decision whether or not to issue a licence, the Regulator must have regard to the suitability of the applicant to hold a licence. Under Section 58 of the Act, matters that the Regulator must take into account include:
· any relevant convictions of the applicant
· any revocation or suspension of a relevant licence or permit held by the applicant under a law of the Commonwealth, a State or a foreign country
· the capacity of the applicant to meet the conditions of the licence.
The conditions of the licence include a requirement for the licence holder to inform the Regulator of any information that would affect their suitability.
In addition, the applicant organisation must have access to a properly IBC and be an accredited organisation under the Act.
Contingency Plan
The University of Queensland is required to submit a contingency plan to the Regulator before dealing with the GMOs. This plan would detail measures to be undertaken in the event of unexpected persistence of the GMO in inoculated crocodiles or transmission of the GMOs to animals or insects other than inoculated crocodiles.
The University of Queensland is also required to provide the Regulator with a method to reliably detect the GMOs or the presence of the genetic modifications in a recipient organism. This methodology is required before dealing with the GMOs.
Identification of the persons or classes of persons covered by the licence
The persons covered by the licence are the licence holder and employees, agents or contractors of the licence holder and other persons who are, or have been, engaged or otherwise authorised by the licence holder to undertake any activity in connection with the dealings authorised by the licence. Prior to dealing with the GMOs, The University of Queensland is required to provide a list of people and organisations that would be covered by the licence, or the function or position where names are not known at the time.
Reporting requirements
The licence requires the licence holder to immediately report any of the following to the Regulator:
· any additional information regarding risks to the health and safety of people or the environment associated with the dealings
· any contraventions of the licence by persons covered by the licence
· any unintended effects of the release.
A number of written notices are also required under the licence regarding dealings with the GMO at each farm, to assist the Regulator in designing and implementing a monitoring program for all licensed dealings. The notices include:
· description/diagram/map of the farm and any associated sheds, ranges, houses or buildings (if relevant) in the trial area and what each is used for
· expected date of inoculation with the GMOs
· number and age of crocodiles to be inoculated with the GMOs
· identification of the particular hatchling facility or pens where the GMO-inoculated crocodiles will be kept.
Monitoring for Compliance
The Act stipulates, as a condition of every licence, that a person who is authorised by the licence to deal with a GMO, and who is required to comply with a condition of the licence, must allow inspectors and other persons authorised by the Regulator to enter premises where a dealing is being undertaken for the purpose of monitoring or auditing the dealing. Post-release monitoring continues until the Regulator is satisfied that all the GMOs resulting from the authorised dealings have been removed from the release sites.
If monitoring activities identify changes in the risks associated with the authorised dealings, the Regulator may also vary licence conditions, or if necessary, suspend or cancel the licence.
In cases of non-compliance with licence conditions, the Regulator may instigate an investigation to determine the nature and extent of non-compliance. The Act provides for criminal sanctions of large fines and/or imprisonment for failing to abide by the legislation, conditions of the licence or directions from the Regulator, especially where significant damage to the health and safety of people or the environment could result.
[bookmark: _Toc511751155]Issues to be addressed for future releases
Additional information has been identified that may be required to assess an application for a commercial release of the GMOs, or to justify a reduction in limits and controls. This includes:
· Information obtained from testing for persistence of the GMOs in inoculated crocodiles and for presence of the GMOs in other crocodiles or in mosquitoes at the trial sites.
[bookmark: _Toc511751156]Conclusions of the RARMP
The risk assessment concludes that this limited and controlled release of GM viruses for vaccination of crocodiles poses negligible risks to the health and safety of people or the environment as a result of gene technology. These negligible risks do not require specific risk treatment measures.
Conditions have been imposed to limit the release to the proposed scale, location and duration, and to restrict the spread and persistence of the GMOs and their genetic material in the environment, as these were important considerations in establishing the context for assessing the risks.
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Appendix A	Summary of submissions from prescribed experts, agencies and authorities[footnoteRef:8]  [8:  Prescribed agencies include GTTAC, State and Territory Governments, relevant local governments, Australian Government agencies and the Minister for the Environment
] 

Advice received by the Regulator from prescribed experts, agencies and authorities on the consultation RARMP is summarised below. All issues raised in submissions that related to risks to the health and safety of people and the environment were considered in the context of currently available scientific evidence and were used in finalising the RARMP that formed the basis of the Regulator’s decision to issue the licence. 
	Sub. No.
	Summary of issues raised
	Comment

	1
	Control measures should be further considered to ensure risks associated with processing for food are adequately managed.
	The licence requires testing of GMO-inoculated crocodiles for the presence of the GMOs, and keeping the crocodiles segregated until no GMOs are detected. However, a new condition has been imposed in the licence that prohibits the removal of GMO-inoculated crocodiles from the trial farms until testing shows that no GMOs are present in the crocodiles. This will ensure that no crocodiles with containing detectable GMOs will be processed for food.

	
	Risks arising from transmission to insects, including mosquitoes, should be further considered.
	As discussed in risk scenario 2, there is the potential for some of the GMOs to enter the crocodile’s vascular system and be available to feeding insects. However, as the concentration of virus in the blood is expected to be very low, transmission to an insect host is considered implausible. Testing of mosquitoes during the trial will confirm this expectation.

	
	Potential for the GMO to replicate in crocodiles and then be shed into the environment should be considered further.
	The RARMP considered the potential for the GMOs to replicate in crocodiles and to be shed. Based on in vitro studies and information about the parental viruses, replication in the crocodiles is not expected. Additional data for one of the GMOs was provided to the Regulator showing that the GM virus does not replicate in crocodile cells. Testing of inoculated crocodiles will also confirm that the GMOs do not persist in the crocodiles. Flaviviruses do not normally shed from an infected host, as transmission is only via an insect vector, and are highly labile in the environment outside of a host. Therefore, dissemination in the environment would only occur via mosquitoes. Testing of mosquitoes and sentinel crocodiles at trial farms will confirm the expectation that the GMOs do not spread in the environment.

	2
	Agrees with the conclusions of the RARMP, and recommends that it could be further strengthen by addressing the following points:
	Noted.

	
	· the risk assessment should emphasise the inability of the GM viruses to replicate in vertebrates.
	Additional text has been added to Chapter 2 to emphasise the inability of the GM viruses to replicate in vertebrates. Additional data for one of the GMOs was provided to the Regulator showing that the GM virus does not replicate in crocodile cells. 

	
	· the RARMP should clearly state the reasons for expecting minimal viremia (virus in the blood) in the crocodiles and limited uptake by mosquitoes.
	As discussed in Chapters 1 and 2, as the GMOs are not expected to replicate in inoculated crocodiles, the only GMO in the blood will come from the original inoculum. The amount of GM virus in the blood of GMO-inoculated crocodiles is therefore expected to be minimal and transient, and insufficient to cause infection of mosquitoes that may feed on an inoculated crocodile. This has been emphasised in Chapter 2, in particular by addition of text to for Risk Scenarios 2 & 3 in Table 1.

	
	· the RARMP should emphasise that testing for the presence of GMOs in crocodiles, mosquitoes and water is to meet best practice procedures, and is not due to any expectation of detecting the GMOs.
	Text has been added to RARMP stating that the testing is to confirm the expectation that the GMOs will be absent.

	
	· the RARMP should compare the GMOs with closely-related ISFs if possible, rather that distantly-related flaviviruses, noting the high variation in characteristics among this group. If no specific information is available then the uncertainty should be outlined.
	The RARMP refers to ISFs where information is available. Areas of uncertainty relevant to the GMOs are already discussed in Chapter 2.

	3
	Has no issues or concerns.
	Noted.

	4
	The two host viruses are highly insect-specific flaviviruses, therefore, a high rate of replication in the vertebrate crocodile is not expected, which will dramatically limit the chance of recombination between the GMO and other types of flaviviruses.
	Agree.

	
	The two genes from the endemic Kunjin virus are naturally attenuated, so their pathogenicity after being introduced to the host viruses is expected to be low. However, this needs to be supported by the trial data.
	One of the aims of the trial is to determine the safety of the GM vaccines. The licence requires any unintended effects to be reported to the Regulator immediately. Adverse effects on the GMO-inoculated crocodiles would need to be reported. 

	
	As the new virus strain is created, the relevant bio-information relating to the genotype and detailed DNA sequence should be provided, including the attenuated genes’ sequences and specific location of the insertion site of the two genes.
	The licence holder has sequenced the inserted genes as well as the flanking sequences in the GMOs, which also confirms the insertion sites. The licence holder has indicated that there are no changes to the predicted amino acid sequences. Details of the design, construction and genetic modification have been declared CCI, but this information has been made available to prescribed expects and agencies that requested the information.

	
	No exotic genes will be introduced to the local environment of Australia, therefore environmental risk is limited.
	Noted.

	5
	Have no concerns with the application.
	Noted.

	6
	Concerned about the statement “As is common in veterinary vaccine trials, the products of vaccinated crocodiles could enter general commerce, including use in human food or animal feed.” Veterinary vaccines (as detailed in another part of the RARMP) need approval from the relevant authority before any animal exposed to that vaccine can enter the human or animal food chain. The GM trial should not proceed until all approvals are in place.
Other studies with GMO vaccines involving animals have not permitted any animal products to enter general commerce, that work involved DIR and DNIR trials. All animals in those studies were disposed of as clinical waste.
	A permit will be required from the APVMA before the GM trial can proceed.
All animal vaccine field trials must be approved by the APVMA, whether GM or non-GM. This includes assessment of whether it is safe/appropriate for the vaccinated animals to enter general commerce. Not all animals vaccinated with trial vaccines are disposed of as clinical waste.

	
	There are quite significant potential issues related to un-intended introduction of products derived from imported biologicals into animals. It is unclear whether there is approval from DAWR Biosecurity for the in vivo use of imported biologicals or material derived from them – which would be required unless all of the material used in the production of the GMOs was sourced from Australia.
	The GM viruses will not be imported as they have been developed by The University of Queensland. However, the requirement for appropriate approval from DAWR for use of any imported biological components used in preparation of the GMO vaccines has been highlighted to the licence holder.

	
	Concerned that the GMOs have not been tested under pen trial conditions. This is the first GMO field release without any prior testing in pens/glasshouses.
A limited release with a few animals well isolated from other animals should be done before going onto commercial properties with thousands of animals. The information gained from these animals could then be used to truly assess the risk of the products in the larger scale release into animals.
	The GTR is required to assess applications as proposed by applicants. For this proposed field trial, the risks were assessed as negligible, with a number of limits and controls being imposed in the licence, including the provision of testing results at various stages of the trial. The applicant has proposed to cease inoculations if GMOs are found to persist in the crocodiles beyond 4 weeks post-inoculation and euthanase inoculated crocodiles if GMOs are found beyond the 6 month testing period.

	
	There is limited information in the RARMP due to commercial-in-confidence to make a decision.
	CCI associated with the RARMP is available to all prescribed experts and agencies during consultation on the RARMP. The CCI was considered in the decision-making process.

	7
	Supports the conclusion the DIR 159 poses negligible risk of harm to human health and safety and the environment.
	Noted.

	
	Kunjin virus is recognised as a West Nile Virus, which is a notifiable disease, and the applicant would need clearance by the Chief Veterinary Officer in the relevant jurisdiction.
	This application does not involve Kunjin virus. The GMOs are two different ISFs, each containing two genes from the Kunjin virus. The Regulator has notified the licence holder that they may wish to confirm with the relevant Chief Veterinary Officer about whether additional clearances/approvals are needed in the jurisdiction.

	
	The risk assessment should take into account the risks from more frequent handling of the crocodiles. Manual handling of crocodiles increases stress which could lead to safety issues for handlers or reduced host immunity in the crocodiles.
	The licence requires PPE for people administering the GMOs. Standard WHS procedures for crocodile handlers as well as standard animal welfare practices would apply to this trial. Any unintended effects during the trial are required to be reported and this could include reduced host immunity in the GMO-inoculated crocodiles.

	
	It isn’t clear where the waste water ultimately ends up – into the environment or recycled within the farm indefinitely?
	Wastewater goes into collection ponds and the pens are treated with a chlorine-based detergent as part of standard farm biosecurity. The wastewater is retained in the ponds unless there is a large rainfall event during the wet season, but this is expected to be at least 4 months after the last inoculation.
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Appendix B: Summary of submissions from the public on the consultation RARMP
The Regulator received one submission from the public on the consultation RARMP. The issues raised in the submission are summarised in the table below. All issues that related to risks to the health and safety of people and the environment were considered in the context of currently available scientific evidence in finalising the RARMP that formed the basis of the Regulator’s decision to issue the licence.

Act: Gene Technology Act 2000; APVMA: Australian Pesticides and Veterinary Medicines Authority; DIR: Dealing involving Intentional Release; GM: genetically modified; GMO: genetically modified organism; OGTR: Office of the Gene Technology Regulator; OSA: Outside the scope of the Act; RARMP: Risk Assessment and Risk Management Plan

	Sub. No.
	[bookmark: _Toc415219443][bookmark: _Toc415554211][bookmark: _Toc415557618][bookmark: _Toc418260054][bookmark: _Toc418260567]Summary of issues raised
	Comment

	1

	Is opposed to the GMO-vaccinated crocodiles being sold in the market. This is not necessary to test vaccine viability, it is an economic decision.
	Due to the nature of the GM viruses (particularly their inability to replicated in vertebrates), the GMOs will not be present in crocodiles sent for processing. Licence conditions require GMO-inoculated crocodiles to remain on the trial farms until testing indicates that the GMOs are no longer present. Therefore, selling the inoculated crocodiles into the market is not considered to pose a risk.

	2

	Concerned about impact of climate change on various factors including reduced immunity to new viruses
	The characteristics of the GMOs that are important for the risk assessment, namely their inability to replicate in vertebrates and low stability outside a host are not influenced by climate.

	
	Kunjin virus (a mosquito-borne disease that can be transmitted to horses, humans and crocodiles) is to be part of the experiment but the applicant claims the GM vaccine has negligible effects on humans.
	The Kunjin virus is not being introduced as part of the trial. The GMOs are insect-specific flaviviruses containing two Kunjin virus genes. The risk to humans and animals is considered negligible due to the inability of the GMOs to replicate in vertebrates and the limited exposure.

	
	How can a vaccine comprised of viruses with negligible effects on vertebrates help improve farmed (vertebrate) crocodile production?
As with the different rabbit viruses introduced by our scientists to help the agricultural industry, our pests spring back with heightened resistance.
	The applicant expects that the GM viruses will stimulate an immune response against the Kunjin virus, and thereby protect against infection. Efficacy of the GM vaccines is outside the scope of the Regulator’s assessment but would be considered by the APVMA.

	
	Our knowledge of Crocodylus Porosus as a native species in the wild is scant and the farmed crocodile industry provides most of our research.
	The GM viruses do not replicate in crocodiles. The trial will provide information on the efficacy of the GM viruses in protecting crocodiles from Kunjin virus infection.

	
	Queensland GM academic interest in using NT rural residents and our poorly-regulated environment as guinea pigs for testing new diseases is alarming. The NT lacks appropriate environmental legislative process with precautionary principles.
There is no adequate government pollution and waste control monitoring on rural properties in the Litchfield Municipality and the waterways their storm and waste water drains interact with.
Australia is a signatory to the Convention on Biological Diversity but is not a party to the Cartagena Protocol on Biosafety. The precautionary principle should be applied.
DIR 159 proposes a GM solution for commercial purposes. More risks will be taken when shareholders want more dividends. The GM vaccine is a clumsy solution to an otherwise poorly-researched problem of intensive crocodile farming in the NT.
	The Gene Technology Act 2000 (C’wth) and corresponding legislation in States and Territories (including the NT), comprise a national regulatory system for gene technology. This Act provides for a precautionary approach. The Act aims to protect the health and safety of people and the environment. In deciding to issue a licence, the Regulator must be satisfied that risk can be managed so as to people and the environment.
The trial is also regulated by the APVMA, and the Territory/local council also have legislation & requirements for crocodile farms.

	
	How will the dead GM-inoculated crocodiles and the waste be disposed of? Our waste disposal facilities are not best practice by any means.
	The licence allows only a person holding an environment protection licence or a best practice licence under the Waste Management and Pollution Control Act, NT, to dispose of waste material potentially containing the GMOs.

	
	In Litchfield Municipality, a farmer now farms crocodiles on a small, netted portion of his property. The farmer is largely ignorant of the scientific processes of farming such animals intensively in an environmentally vulnerable area but is permitted to carry on this activity nonetheless.
	Farming practices are OSA.

	
	Why isn’t the Queensland University testing it in northern Queensland if it poses negligible risks.
	The Regulator can only assess what is proposed in the application, which includes the proposed location of the trial. The risk assessment determined that the trial posed negligible risk if conducted in the Northern Territory and with control measures imposed as part of the licence.

	
	One of the two crocodile farms intended for trials is on the Stuart Highway and there has been a propensity in the past for wandering crocodiles crossing roads.
	Only small crocodiles (up to 9 months of age) will be inoculated. The licence requires all GMO-inoculated crocodiles to be penned, with measures, such as fencing, to ensure the crocodiles are remain secure. Inoculated crocodiles will be tagged and accounted for.

	
	The other crocodile farm at Middle Point is close to another large aquaculture farm and the whole area this Wet season was flooded. Ponds overflowed. Access was limited. Flooding involves extra risks (provided a link to media article that referred to animals seeking refuge from flooding, including crocodiles).
	Flooding was not specifically addressed in the RARMP as the presence of the GM viruses in the environment was considered to pose negligible risks due to their instability in the environment. Escape of GMO-inoculated crocodiles is unlikely in the event of flooding due to the containment measures imposed in the licence, and procedures are in place in the unlikely event of escape as part of the Compliance Management Plan.

	
	Governments tend to turn a blind eye to proper public consultation and favor business policies that might provide more jobs for FIFOs (fly-in, fly-out workers) with no care for the environment.
	The Act requires consultation with the public on all DIR RARMPs. For this RARMP, this involved advertising in the Australian Government Gazette, the Australian and NT News newspapers, on OGTR’s website, tweeting and sending information to people on the OGTR client register. All submissions received were considered as part of the decision-making process. The aim of the Act is protect human health and safety and the environment. Policy considerations related to jobs are OSA.

	
	Do the applicants intend to educate emerging small-scale crocodile farmers on the risks (albeit considered negligible) of – amongst other things - sourcing eggs and crocodiles from those farms involved in these trials and that vaccinated crocodiles will likely enter the wider industry before the 5 year testing period is over?
	There is no requirement to inform other crocodile farmers about the trial as the risk is are considered negligible. Licence conditions require GMO-inoculated crocodiles to remain on the trial farms until testing indicates that the GMOs are no longer present. The GMOs will be rapidly degraded by the crocodiles’ immune system and not be passed on to progeny.

	
	Concerned there has been a significant lack of biosecurity in the NT (for GM bananas as well as farmed crocodiles) as well as for strict monitoring and research into when farmed crocodiles escape and attempt to breed with wild crocodiles.
	A range of biosecurity measures are applicable to all crocodile farms. The licence requires the GMO-inoculated crocodiles to be restricted to the trial areas. Inoculated crocodiles will be tagged and accounted for. As noted above, the GMOs will be rapidly degraded and not be passed on to progeny of inoculated crocodiles.

	
	RNA viruses are unpredictable and mutate into different forms not originally envisaged. Concerned that the viruses and their mutations will cause irreparable harm to the farmed crocodiles, the birds and animals exposed to them and water discharges, the ground and surface water we depend on and to the environment.
	As discussed in Chap 1, Sec 4.5, the GMOs are not expected to persist in the environment due to limited environmental stability. Standard crocodile farm practices include disinfection of pens and the collection of waste water into ponds. Therefore, the GMOs are not expected to be present in any waste water. The risk assessment considered that the trial poses negligible risks to people and the environment.

	
	While the applicants say that all genetic materials to be used in their GM product are found in the north Australian environment, the risk is that they are so far untested and the mixture could have the potential of mutating into something pandemic.
	Chap 2, Risk scenario 3 considered the potential for the GM viruses to recombine with other viruses and the potential for increased pathogenicity. All the genetic material in the GM viruses is naturally present in the environment, and therefore is already available to recombine. The GMOs are unable to replicate in vertebrates. The risk was considered to be negligible from this scenario.

	
	Can remember an application based in northern WA for trial of a GM ‘fix’ for cholera a decade or so ago, using indigenous communities. This application was later changed (likely after GTTAC recommendations) to allow trials to be conducted only in hospital clinics.
	A GM vaccine for cholera (Orochol®) was previously registered for commercial sale in several countries, including Australia, with over 500,000 doses sold worldwide. Production of this vaccine was ceased in 2004 for business reasons.
Subsequently, in 2014 the Regulator issued a licence (DIR 126) authorising a single oral dose of a new product containing the same GM vaccine to be given to a limited number of volunteers by registered health professionals in clinical facilities, between April 2014 and June 2015. This trial was to confirm the safety and efficacy of the newly manufactured product.
No trial of a novel GM cholera vaccine in indigenous communities has ever been proposed.

	
	For this product application, the intention is to use many different (out-of-clinic) recipients including: crocodiles, those who work with the subject animals, those who eat the meat, those who process the skin and those who transfer the waste. All are susceptible to a potentially high risk unintentional GM viral release in the short term.
	Exposure to people, animals and the environment to the GMOs were considered, and the risks posed by the trial are considered to be negligible.
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