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This Module is targeted at an audience of scientists, operators, technicians and others either wishing to start work with or working with genetically modified (GM) vectors. 

The objective of this Module is to highlight best practice in procedures for the research and production phase of GM vectors. It is targeted at the researcher, operator, developer, technician, etc., as they move through the phases of basic laboratory research, through open field trials through to large scale rearing and production of GM mosquitoes.

Rationale

The key issues addressed within this Module are the control of the modified vectors within the laboratory, and during shipping and production, as well as in the field This Module will not provide a manual, but gives points to take into account and highlights where further information may be obtained. It does not address programmatic use of GM vectors for routine control. 
The processes that are covered in this Module are:
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1. Obtaining Materials – Shipping, Import and Export
1.1 Introduction
GM (genetically modified) insects could be locally derived or may be imported into containment facilities for several reasons: laboratory research, strain colonisation, rearing and mass production. It is important that they are handled appropriately to minimise escape and maximise survival as well as shipping being in compliance with international and national laws. Obtaining the strains may be time consuming due to the need to obtain the appropriate permit, and to prepare/construct facilities suitable for their receipt.

1.2 Facility Approval

Containment facilities may require official inspection and certification by national regulatory authorities to determine if the containment facility is appropriately constructed and managed to limit dissemination of GM insects based on a case by case risk assessment (see Section 2). Approval of the facility by the appropriate regulatory authority, if required, must be conducted prior to shipment of materials.

1.3 Regulations

It is likely that import or export permits may be required by national authorities. It is up to the researcher to determine if an import or export permit is required prior to shipment, according to the law and requirements of each involved country, since each nation may have specific rules for GMOs (GM organisms). Some countries will also require a veterinary inspection of the package; this could be at an airport prior to import to the importing country or at another facility. Brazil for example has a requirement for veterinary certification of the package by ANVISA (Agência Nacional de Vigilância Sanitária). 
Exporters should ensure that consignments comply with the import requirements of the importing countries and relevant international agreements, packaging securely as specified, and are accompanied by appropriate documentation relating to the GM mosquitoes.

Examples of the laws, requirements, paperwork, committees for approval/discussions, etc., can be found online; see Box 1 for links.
1.4 Shipping for Research Use

Requirements may differ depending on the import/export permit conditions; for example in the USA packaging must conform to Code of Federal Regulations 7 CFR 340 requirements (see Box 2), but in all cases packing should prevent escape. 

Shipping methods should aim to get the materials to the importing parties as soon as possible. Couriers are recommended.
For example, for Aedes species, eggs are the best form to be shipped if shipped with damp paper to maintain humidity, sealed with no direct contact with water. In this form they can
	Box 1: Links to Some Biosafety Websites1 

	Country
	Website

	USA
	http://www.aphis.usda.gov/biotechnology/brs_main.shtml
USDA-APHIS Biotechnology Regulatory Services

	Brazil
	http://www.ctnbio.gov.br/
CTNBio: Comissão Técnica Nacional de Biossegurrança (Ministério da Ciência e Tecnologia)

	Mexico
	http://www.semarnat.gob.mx/leyesynormas/Pages/inicio.aspx
SEMARNAT: Secretaría de Medio Ambiente y Recursos Naturales

	India
	http://dbtbiosafety.nic.in/
Department of Biotechnology (Ministry of Science and Technology)

	EU
	http://www.efsa.europa.eu/en/panels/gmo.htm
EFSA: European Food Safety Authority

	Africa: CILSS member countries2 
	http://www.insah.org
Framework Convention on Common Biosafety Regulations in CILSS countries

	Global: countries signed up to the Cartagena Protocol on Biosafety
	http://www.cbd.int/information/ 
The Convention on Biological Diversity website is a useful resource, with many links to biosafety requirements and contacts of countries that are signed up to the Cartagena Protocol On Biosafety


1APHIS: Animal and Plant Health Inspection Service; CILSS: Comité permanent Inter-Etats de Lutte contre la Sécheresse dans le Sahel; EU: European Union; USDA: United States Department of Agriculture. 

2CILSS countries: Burkina Faso, Cabo Verde, Chad, Gambia, Guinea-Bissau, Mali, Mauritania, Niger, Senegal.
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remain viable for over one month. It is recommended that eggs are shipped in a box with bubble wrap or Styrofoam™ chips to prevent crushing during shipment.

For Anopheles and Culex species, larvae (second and third instar) are recommended as the best form for shipping, in sealed polyethene tubes almost filled with water (leaving a small air gap, e.g. 40–45 ml of water in a 50 ml tube). The tubes are placed in a box with bubble wrap etc. It is essential that this shipment is as fast as possible (max. 48 hours) and therefore a courier service is essential.
Researchers should ensure that materials are taken either directly to the designated approved facility or mass rearing facility or, if appropriate, passed directly for release into the environment.

Even if all procedures are followed, it is possible that the packages containing the mosquitoes will not reach their destination, or arrive in poor quality. Consequently it is recommended that GM mosquitoes should be shipped in small batches that can be replaced if they do not arrive in good condition. 

Some countries may require that shipments have tracking numbers to allow the whereabouts of the package to be identified at any time.
1.5 Packaging and Labelling

When importing or exporting materials it is recommended that non-motile forms of the insects are shipped, unless the insect will not survive in any other stage. This considerably simplifies the packaging requirements, although for GM insects it is always recommended that a double contained form of packaging is used, i.e. one shatterproof container inside another to prevent a breach of containment if the packaging is damaged or dropped.

Further guidance for the packaging of GMOs is available from the USDA website (http://www.aphis.usda.gov/brs/pdf/7cfr340.pdf; USDA-BRS, updated annually) and has been reproduced in Box 2. Depending on the legislation in the country of destination, an airway bill with an international courier that has a tracking facility will be required for transport of the mosquitoes. This will vary from country to country; for example, the USA specifically forbids the hand-carrying of mosquito eggs, whereas in Asia this is routinely accepted for imports and is often the best way of making sure the materials get to the destination in good condition. 
Even if all procedures have been followed to the letter, shipments can still be held at customs without explanation and not released, so be prepared! Making prior contact with customs can be beneficial when expecting to receive or planning to send shipments of GM mosquitoes.
Shipping of living modified organisms (LMOs) for contained use requires labelling under the Cartagena Protocol for Transboundary Movement of live modified organisms, see http://www.cbd.int/biosafety/. A draft pro-forma invoice for the shipment of GM insects, according to the requirements of the Cartagena Protocol is given below (Box 3).
	Box 3: Example of a pro forma invoice for shipment of GM mosquitoes as per the Cartagena Protocol on Biosafety

	PRO FORMA INVOICE

	Exporter:

Address, Phone and Contact Person
	

	Recipient:

Address, Phone and Contact Person
	Name and address of consignee1


	Permit/Notification No.
	

	Description of contents
	“This Living Modified Organisms is for contained use” (may specify contents of shipment here, e.g. Aedes aegypti containing a fluorescence marker gene from Anthozoa sp.). Culture ID # if appropriate, general description of modification



	Declared value
	Sample for research purposes only – no commercial value

	Number of pieces
	

	Net weight of shipment
	

	Gross weight of shipment
	

	Transporting company
	

	Airway bill number
	

	Any requirements for safe handling, storage, transport and use
	Additional requirements for safe handling, storage, transport and use, if any, or indicate that no additional requirements exist: (insert information here or refer to attached documents, as appropriate)



	Shipper’s name
	

	Shipper’s signature
	

	Shipping date
	


1Note that highlighted text indicates required language of Article 18.2 (b) and (c).
1.6 Record Keeping

Clear and standardised records of imports and exports should be maintained at the containment facility. They should include a log noting shipments against import permits, in order to track shipments and approximate quantities sent. The records should be made available to the regulatory authority upon request.

1.7 Quality Control
The use of GM vectors is a developing field and experience with the various technologies leads to a dynamic environment where knowledge and therefore advice can change quickly. The information contained in this Module is based on current knowledge of existing sterile insect technique (SIT) and of other facilities working with insects (e.g. biological control production facilities).

The imported colonies should be free from diseases; aim to hold the imported colonies in isolation (e.g. in a different room or separate facility in the same room, or separated by the use of physical barriers) until disease status can be ascertained. It is suggested that periodic tests are performed to ensure that the colonies in isolation are indeed free from diseases.
It is good practice for laboratories bringing in strains collected directly from the environment, or from a different laboratory, to hold these in a quarantine area for a least one generation. These should be closely observed for any contamination, e.g. fungal growth. One generation in quarantine can help ensure purity of the colony and freedom from parasites, pathogens or associated pests, as well as facilitate authoritative identification. Methods and procedures to identify parasites, pathogens, etc., can be obtained from other sources, such as ISPM 3 (International Standards in Phytosanitary Measures No. 3; IPPC, 2005), and quarantine import requirements (e.g. AQIS [Australian Quarantine and Inspection Service], USDA, etc.). However it is the intention that such lists will be developed for future updates of this document.
It is good practice to sub-sample imported mosquitoes for arbovirus (using standard kits, if they are available) and insecticide resistance (using the standard World Health Organization Pesticide Evaluation Scheme [WHOPES] methodologies, as described in http://www.who.int/whopes/resistance/en/). Ideally there should be central reference laboratories, using standardised operating procedures (SOPs) for analysis of insecticide resistance and pathogens.

GM insects have a particular advantage as they are genetically marked to aid identification (fluorescent marker or PCR methods).

Strains that have resistance to insecticides used in current control programmes should not be used for environmental GMO releases.

1.8 Shipping from Mass Rearing Facilities

The mass rearing facility raises an insect product on an industrial scale: this is described further in the section on quality control (Section 3.3). Currently, mosquito mass rearing facilities (Helinski et al., 2008; Harris et al., 2010; IAEA, 2010) are at a reduced scale compared with facilities developed for agricultural SIT mass rearing (e.g. the El Pino facility for mass rearing fruit flies in Guatemala), but they are drawing best practices from the many mass rearing facilities for other insects (IAEA, 2008/Quinlan et al., 2008; Lee at al., 2008; Benedict et al., 2009). 

2. Guidance on Contained Use of Genetically Modified Vectors

2.1 Introduction

Containment refers to practices that prevent unplanned or uncontrolled release of organisms into the environment and is defined as “The use of physical, chemical and operational controls, or a combination thereof, within an enclosed building to restrict contact on an organism with humans and the environment.” Containment is therefore accomplished by good work practices, the adherence to standard operating protocols and the training of personnel, as well as the physical structures that contain the organisms.

Laboratories in which living arthropods are reared and maintained for research purposes have been widely used for decades. Despite the numbers of different insects that have been reared around the world there have only been issues with respect to human health of workers with moths (scales causing allergies) and locusts. However many of these insects that are of interest from a GM perspective are vectors of infectious human diseases. They may be a risk to the surrounding community if released, even if initially uninfected with the human pathogen, as they could play a part in completing the transmission cycle for the disease they vector.

Extensive experience also exists for mass rearing insects for biocontrol purposes, see: http://www.unipa.it/iobc/downlaod/IOBC%20InternetBookBiCoVersion5January2008.pdf, and insects altered by exposure to radiation or chemical mutagens to control agricultural or livestock pests as first described by Knipling (1955) and Bushland (1960) and reviewed in Parker (2005). No untoward consequence has been reported despite the enormous numbers of insects produced; e.g. the El Pino facility in Guatemala can rear over two billion fruit flies per week. For other examples of mass rearing insects for SIT from other systems, see Babilonia & Maki (1991), Calvitti et al. (2000), Villaseñor et al. (2000), Vreysen (2001) and Vreysen et al. (2006). 

The advent of GM technology for arthropod vectors, particularly for researchers using genetic engineering for solutions for vector control, adds an additional dimension to insects’ safe use in laboratory research or mass rearing in contained facilities. 

Implementation of internationally recognised containment methods, based on an appropriate risk assessment, for laboratory research and mass rearing can serve to reduce potential risks that may be associated with the genetic control strategies for vectors. 

2.2 General Biosafety Guidance

Mosquitoes associated with human disease vectoring are small in size, reasonably mobile, have a relatively long life and also have life stages that are capable of long term survival. Their diversity and life cycles often mean that laboratory procedures are species specific and 
	Box 4: Some National and International Guidelines for Laboratory and Arthropod Research

	Brazil 
	Manual de Biossegurança (Part 3, Laboratories and Part 4, Animal Manipulation) (Hirata & Filho, 2002)
http://www.ccs.saude.gov.br/visa/publicacoes/arquivos/P3_Laborat%C3%B3rios.pdf and
http://www.ccs.saude.gov.br/visa/publicacoes/arquivos/P4_Manipula%C3%A7%C3%A3o_de_Animais.pdf

	UK 
	Genetically Modified Organisms (Contained Use) Regulations (2000) and subsequent amendments
http://www.hse.gov.uk/biosafety/GMO/law.htm
Also: Genetically Modified Insects (Parliamentary Office of Science and Technology, 2010) 
http://www.parliament.uk/documents/post/postpn360-gm-insects.pdf

	USA
	National Institutes of Health (NIH) Guidelines for Research Involving Recombinant DNA Molecules  (NIH, 2009)
http://oba.od.nih.gov/rdna/nih_guidelines_oba.html

	EU 
	Defining Environment Risk Assessment Criteria for Genetically Modified Insects to be placed on the EU Market – External Report (Benedict et al., 2010)
http://www.efsa.europa.eu/en/scdocs/scdoc/71e.htm

	WHO
	Laboratory Biosafety Manual, Part 1, Biosafety Guidelines (WHO, 2004a)
http://whqlibdoc.who.int/publications/2004/9241546506_partI.pdf


EU: European Union; WHO: World Health Organization.
different laboratory handling methods are required. The principles of containment however remain the same.
Well accepted national and international guidelines are available for both general laboratory research and also specifically with arthropods. Those listed in Box 4 and the subsequent sections are indicative of the guidance available and not meant to be an exhaustive list. 

2.3 Arthropod Specific Guidance
· Arthropod Containment Guidelines Version 3.1. ASTMH (American Society of Tropical Medicine and Hygiene); available from: www.astmh.org/SIC/files/acgv31.pdf (ASTMH, 2003). Also published in Vector-Borne and Zoonotic Diseases and cited as Benedict et al. (2003).

· Guidelines for the Certification of a Physical Containment Level 2 Arthropod Facility. Office of the Gene Technology Regulator (OGTR), Australia; available from: http://www.health.gov.au/internet/ogtr/publishing.nsf/Content/PC2-7/$FILE/PC2ARTHv2-1.rtf (OGTR, 2006).
· NAPPO (North American Plant Protection Organization) RSPMs (Regional Standards for Phytosanitary Measures):
RSPM 3: Requirements for Importation of Potatoes into a NAPPO Member Country. Available from: http://www.nappo.org/Standards/REVIEW/RSPM3-e.pdf (NAPPO, 2003);
RSPM 22: Guidelines for Construction and Operation of a Containment Facility for Insects and Mites used as Biological Control Agents; available from: http://www.nappo.org/Standards/NEW/RSPM%20No22-e.pdf (NAPPO, 2004);
RSPM 27: Guidelines for Importation and Confined Field Release of Transgenic Arthropods in NAPPO member countries; available from: http://www.nappo.org/Standards/NEW/RSPM%20No.%2027-e.pdf (NAPPO, 2007).
· Biological Confinement of Genetically Engineered Organisms. See ‘Insects’, pp. 153–158 (Committee on the Biological Confinement of Genetically Engineered Organisms, National Research Council, 2004).
2.4 Mosquito Specific Guidance

· Anopheles: MR4 Methods in Anopheles Research; available from: http://www.mr4.org/Portals/3/Pdfs/ProtocolBook/MethodsAnophelesResearchV4c.pdf (Benedict, 2009). Also see a paper on developing SIT for Anopheles arabiensis in Sudan (Helinski et al., 2008). 

· Aedes: Paper on mass rearing Aedes mosquitoes, presented at the 2nd intensive workshop on wild type and genetically sterile Aedes mosquitoes, 1–8 July 2008, in Kuala Lumpur, Malaysia (Nimmo et al., 2008). Also see an older reference on procedures and techniques for mass rearing Aedes aegypti (Ansari et al., 1977).
· Culex: Papers on a field trial with Culex quinquefasciatus in India (Curtis et al., 1982) and on mass rearing Culex pipiens fatigans (Singh & Razdan, 1975; Singh et al., 1975).
· General: Manual for Mosquito Rearing and Experimental Techniques. American Mosquito Control Association; available from: http://www.mosquito.org/publications/index.aspx(Gerberg et al., 1994). Also see Benedict et al. (2009); available from: http://www.malariajournal.com/content/8/S2/S4. 
2.5 Pathogen-infected Mosquitoes Specific Guidance
· Biosafety in Microbiological and Biomedical Laboratories; available from: http://www.cdc.gov/biosafety/publications/bmbl5/index.htm (CDC/NIH, 2009).
· Methods in Malaria Research; available from: http://www.biomalpar.org/updatedMethods_In_Malaria_Research_5thedition.pdf or http://www.mr4.org/Publications/MethodsinMalariaResearch/tabid/333/Default.aspx (Moll et al., 2008).
3. Setting up Insectaries

3.1 Design

Mosquito insectaries vary widely in their construction and costs; however there are several criteria that must be adhered to for successful mosquito colony establishment and maintenance. All insectaries should be designed to prevent arthropod escape. The minimal requirements are a room with constant temperature, a way of controlling lighting and humidity and adequate containment to prevent escape. A store/prep room is also important for storage of materials and routine maintenance of cages, etc. 
Where host animals are used to feed the mosquitoes, they should not be routinely housed in the same room as arthropods to prevent infection with a vector-borne pathogen. Details of their care and procedures for feeding should be approved by the appropriate institutional or governmental oversight organisation.

Access to the insectary should be restricted to people directly involved in research or support staff, and entry and exit routes should have double doors or other barriers in place to prevent the mosquitoes escaping. However facilities are only effective at containment when procedures are carried out properly and staff are trained well in conducting the procedures.

Two examples of insectary design are included below (p. 13) for illustrative purposes (Design 1 and Design 2).
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Design 2 
3.2 Operational Considerations

The requirements for the keeping of mosquitoes and other insects in contained conditions have been well described within the above documents and other literature (Duthu et al., 2001; Olson et al., 2003; Higgs, 2004a, b; Scott, 2005) but for completeness are summarised here. 

Temperature
The ideal temperature for most mosquitoes is in the range 25–28°C. A daily temperature monitoring log (see Box 5) is recommended for the room or incubator, as this will facilitate discovery of problems that might affect the mosquitoes.

Relative Humidity
The most often quoted figure for mosquitoes is that of 80%. A daily humidity monitoring log (see Box 5) is recommended for the room or incubator, as this will facilitate discovery of problems that might affect the mosquitoes.
Humidity can be controlled in a variety of ways; e.g. you can simply cover adult cages in plastic and add water containers or moist towel to each cage to maintain a high relative humidity; alternatively, you may use saturated salt solutions to obtain specific relative humidities.
Lighting
A light:dark cycle is necessary, usually around 12:12 but 14:10 has also been reported (A. Malavasi, personal communication, 2008). Some species, particularly anophelines, swarm and mate at dusk; a gradual or staged dimming at the end of the daylight phase will improve success with some colonies, particularly those that have been recently field-collected.
Equipment
Ideally separate small rooms should be used for different strains and colonies, but it is possible to rear them in a single larger room by separating areas with netting or other physical barriers to contain the mosquitoes. 
	Box 5: Example of a Monitoring Log

	Control of Temperature and Humidity in the Insectary 

	Time
	Date
	Max temp °C
	Min temp °C
	Humidity (%)
	Name

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


	Box 6: Mosquito Rearing
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1ARS: United States Department of Agriculture – Agricultural Research Service; CDC: Centers for Disease Control and Prevention, USA; MRCU: Mosquito Research and Control Unit, Cayman Islands.
If working with mosquitoes with insecticide resistance it is important to conduct the experiments with these colonies in a separate location entirely. This could be a separate dedicated room within the facility.

Different equipment will be needed for the different life stages (see Box 6). 

· Eggs: the females of most species lay their eggs near the waterline or in the water; appropriate vessels are required depending on the species.

· Larvae: choice of larval rearing container depends on room space and ease of feeding, draining and cleaning.

· Pupae: pupae are removed from the larval trays and placed into cages for eclosion.

· Adults: are usually kept in sturdy cages with mesh screening.
Food Sources
Adults will need to be fed on a sucrose source (10% sucrose solution, honey water, wet raisins, sugar cubes), and females need a blood meal to mature and lay eggs. There are several options for blood feeding, including host animals or artificial methods. The consistency of the food source is a critical point in reliably raising mosquitoes. Any kind of antibiotic or prophylactic chemical in the food and blood is to be avoided. 

Cleanliness
Cleanliness is essential to prevent mould and bacterial growth, insect pests, etc., and is not only good practice but prevents colony infections (high temperatures and humidities with sugar solutions also present represent an ideal environment for mould growth, invasion of ants, rats, etc.). Schedules should be developed for daily cleaning and routine deep cleaning of the insectary. Care however must be taken over the choice of cleaning methods to minimise impact on the mosquitoes. 

Trapping and Killing of Escaped Mosquitoes
The less mobile stages of the mosquito life cycle are easier to deal with, but adults will escape inadvertently from time to time during routine handling, therefore techniques, procedures and tools must be in place to rapidly detect and identify GM mosquitoes in the event of inadvertent release. It is often a requirement of the laboratory authorisation to work with GMOs that any inadvertent release should be reported to the appropriate authority. Traps can be placed inside – in anterooms – and outside the building to monitor and kill escapees. Traps should be monitored regularly and findings recorded. In addition, other methods can be used to locate and collect escapees. 

It is also important that ‘wild’ mosquitoes do not enter the facility. These should be eliminated with the above trapping protocol. If rearing container-breeding Aedes, you should ensure that the external site is clear of containers that could breed mosquitoes. 

Waste Disposal
Protocols and equipment must be in place for the disposal of all life stages of the GM mosquitoes and rearing media that might be contaminated with GM mosquitoes. Methods might include but are not limited to freezing, autoclaving, other heating methods and/or chemical treatment. Special care should be taken with life stages that can survive long periods of time (e.g. eggs in the case of Aedes). It is recommended that: 

· Large volumes of rearing water are initially sieved through a larger size mesh before using smaller meshes, etc.

· Drain outlets are screened with a suitable size mesh to prevent inadvertent disposal and regularly serviced. 
Security of the Unit
It is imperative that access is restricted to authorised staff and staff are trained in the handling of the mosquitoes, waste disposal, etc. Ideally only one entrance should be used. 

Other Considerations
It is important to have the internal walls of the insectaries light in colour to allow escaped mosquitoes to be identified visually and to limit the dark corners/spaces in which they can hide. It is often tempting to paint with gloss paints, but care should be taken here as mosquitoes can be sensitive to the volatiles in such paints. Structures such as windows should be locked shut and other external openings such as air conditioners screened with a small mesh to prevent escape. Construction materials should be capable of withstanding the requirements of the rearing conditions, i.e. suitable in warm, humid environments. Only equipment that is required for the research should be kept in the insectary. 

Siting of the insectary needs to be considered along with its proximity to sensitive locations such as hospitals, schools, etc., particularly if the insectary is located in a country that is prone to natural disasters, such as hurricane, earthquake, etc.

Pest Control
Laboratories can be invaded by ants, termites, cockroaches, spiders, other insect pests, and in some cases rats. The best way to avoid these issues is to have a sealed room, and routine cleaning schedules. 

Ants are the most difficult pests to control. Shelves should be mounted so that there is an air gap between the shelf and the wall. Oil traps should be used to stand equipment in, and they should be routinely monitored and changed. A common cause of invasions is poor cleanliness in relation to sugar solutions or the use of dried fruit or honey for feeding the mosquitoes. 
Each individual circumstance will have to be assessed for the appropriate corrective action.

Training of Staff
The most effective way to rear mosquitoes successfully is to learn by visiting other facilities and being trained in mosquito rearing. This enables sharing of information, troubleshooting for problems and the effective containment of mosquitoes within the insectaries.
Many laboratories around the world are currently rearing mosquitoes for general research; these are too numerous to list. Some institutions are or have in the past been rearing GM mosquitoes at varying scales. These institutions are listed below, although the list is not exhaustive:

· Imperial College London, UK

· Oxitec Ltd, UK

· Keele University, UK

· University of São Paulo, Brazil

· University of California, Irvine, USA

· John Hopkins School of Medicine, USA

· Cornell University, USA

· Colorado State University, USA

· University of Maryland, USA

· Mosquito Research and Control Unit, Grand Cayman, Cayman Islands

· Institute of National Public Health, Mexico

· Institute of Medical Research, Malaysia

· Institut Pasteur, France

· International Atomic Energy Agency, Austria

· Institut Louis Malardi, French Polynesia

· National Institute of Hygiene and Epidemiology, Vietnam
Staff Welfare in Disease Endemic Countries
It is imperative to try to kill any escaped mosquitoes in the insectary to prevent the insectary mosquitoes becoming infected. Where possible, use non motile forms for transferring between containers.

Consideration should be given to procedures to be employed if staff report any disease symptoms and a culture should be fostered where employees are encouraged to speak openly if they have any disease symptoms. Staff should be encouraged not to come to work if they have fever symptoms, and their temperatures can be monitored before they are allowed to work in rearing cages.

If insectaries are located in non disease endemic countries, then staff who have visited disease endemic countries should have a quarantine period (approx 10 days – 2 weeks) before re-entering the laboratories.

Routine Inspections
Routine inspections should be in place to ensure that containment measures have not been compromised and equipment is functioning correctly. Staff training can also be recorded and updated regularly and especially if new equipment or procedures have been introduced.
If adult mosquitoes are found outside the cages, this could be due to an accident, which should be investigated and reported if necessary, or could be an indication that the security of the insectary has been breached in some way.

All the conditions will need optimisation for the size of the laboratory, the species of mosquito and the genetic traits that are being produced.

3.3 Quality Control

Strain Maintenance
If you are bringing a mosquito strain from the field into the laboratory it is important to maintain it initially in a quarantine facility to ensure the mosquitoes are not infected with disease or parasites. Quarantine times will vary according to disease cycles and other dependents such as temperature, etc. 
Genetic Diversity
It is possible that GM strains maintained over generations in the laboratory will have reduced mating competiveness with local strains from the field. Efforts should be made to refresh the genetic background of the GM strain over time with wild material collected from the field. Try to ensure field collected material is disease free. 
Strain Maintenance in Mass Rearing
· Quality control: insects should be sub-sampled for the presence of the introgressed genes on a routine basis.

· Mating competiveness should be assessed.
· Larval rearing: it is important to optimise factors such as density in rearing trays, feeding amount and schedule, and water source.

· Pupal densities: densities will depend on the rearing protocol and the size of mosquitoes required.
· Pupal sorting machines for Aedes should be regularly calibrated and records kept.

· Size of male: wing length makes a good proxy measurement for adult mosquito size.
Maintenance of the GM Trait
Each generation of heterozygotes should be screened for the GM trait. If a homozygous strain is developed, then a subsample of eggs should be taken routinely (and hatched for evaluation of the presence of the transgenes. 

Pupal/Larval Separation
If the aim is to achieve similar sized mosquitoes for experiments, similar sized pupae need to be obtained, and there also needs to be a quality control on larval size. This could be achieved by creating a mask for the microscope field or a measure by weight (volumetric measurement). Note the techniques used will depend on the characteristics of the species.
Male/Female Pupal Separation
This will depend on the characteristics of the species of mosquito; e.g. Aedes and Culex species can be sorted by differences in pupal size (see Box 6) while Anopheles species will need individual sorting under a microscope.
3.4 Scaling Up for Mass Rearing

The techniques for mass rearing of mosquitoes are in their infancy and will be developed further. IAEA (International Atomic Energy Agency), Imperial College London, and Oxitec are all developing ideas currently and considerable optimisation will be required from the laboratory scale. There are no mass rearing units in operation for mosquitoes currently.
4. Institutional BIosafety Committees

4.1 The Role of Institutional Biosafety Committees 

Depending on specific country legislation it might be required that the laboratory constitutes an institutional biosafety committee (IBSC or IBC) to review risks involved in the
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	Composition of the IBSC

· Head of the institution or nominee

· Three or more scientists engaged in rDNA work or molecular biology within the institution plus an outside expert in a relevant discipline

· A member with medical qualifications

· A nominee of Department of Biotechnology

Meetings

· IBSC has to meet at least twice a year to review the status of rDNA projects in the institution

· More than two meetings may take place as per the requirement of the projects

· At the meetings the IBSC are expected to review

· Actions taken on earlier decisions

· Characterisation of the work and approval as per risk category

· Evaluation of projects and direction of submission to appropriate agencies, if required

· Inspection of containment facilities

· Maintaining procedures and other approval requirements

Submission of reports

· The IBSC has to issue half yearly reports on the ongoing projects to the Review Committee on Genetic Manipulation regarding observance of safety guidelines, accidents, risks and deviations, if any.

Source: Handbook for IBSC Members, India, 2005 (DBT/BCIL, 2005). 


1IBSC: Institutional Biosafety Committee; rDNA: recombinant DNA; DBT: Department of Biotechnology (Ministry of Science and Technology, Government of India); BCIL: Biotech Consortium India Ltd.
management and safety of the use of GMOs within its institution. An IBSC constitution may be mandated in national legislation but in general it comprises experts specialising in the discipline, experts from outside the institutions and possibly members of the medical profession as well a lay persons. The IBSC may also be responsible for conducting inspections of the facilities used for GMOs within the institution.

As demonstrated in the case study (Box 7) the role of the IBSC is to act as a focal point within the institution, in this case the Department of Biotechnology (Ministry of Science and Technology, Government of India), for implementation of a biosafety framework, risk assessment and review of projects involving genetic modification (recombinant DNA; rDNA).
4.2 Risk Assessment

Risk assessment followed by mitigation measures (or risk management strategies) to control the risk forms the basis of the framework of establishing an appropriate containment level for the mosquito. The containment level assigned will include an assessment of appropriate facilities, equipment and practices, and it is the intent that the appropriate containment level reduces the risk of release and exposure of laboratory workers, the public and the environment to the vector.
Table 1: Steps in conducting a science based risk assessment
	Step
	Activity

	1
	Problem formulation: what scientific hypothesis are you seeking to address?

	2
	Hazard identification

	3
	Evaluation of the likelihood of the potential hazard being realised

	4
	Evaluation of the potential consequences if the hazard is realised

	5
	Estimation of the ‘raw risk’ ( a function of hazard × likelihood × consequence)

	6 
	Application of risk management strategies to control the ‘raw risk’

	7
	Determination of the overall risk once risk management is in place


Table 2: Factors for consideration in risk assessment of GM mosquitoes

	The characteristics of the recipient mosquito, including taxonomy, source, geographical distribution, mobility, longevity and reproductive potential

	The characteristics of the donor organisms, prior history of safe use, nature of pathogenicity or infectivity

	The characteristics of the genetic construct, vector and mode of transformation

	The genetic modification, including phenotypic expression and a description of the genetic construct, stability of phenotype and genotype and a description of the methods that could be used to identify the GM mosquito from its non-GM counterpart

	The agents that might be transmitted and whether the mosquito is or may be infected, along with the ability of the mosquitoes to transmit (one or more) pathogens

	The epidemiological factors influencing transmission of disease in the proposed location 

	Survival, multiplication and dissemination of the GM mosquito and conditions that might affect these parameters in the receiving environment

	Physical, biological, temporal or geographical parameters that limit the potential survival, multiplication and dissemination of the GM mosquito


The cornerstone of determining an appropriate containment level by the IBSC and requirements for risk management is the conduct of a risk assessment. It is a qualitative judgment and should address the questions of “what happens if the arthropod escapes?” and “are the containment measures adequate to prevent escapes?”.
Each GM insect strain is likely to have a different risk profile and therefore risk assessment must be carried out on a case by case basis. Table 1 summarises the steps to undertake in a science-based risk assessment.
Table 2 describes some of the factors in the risk assessment that could be considered for GM mosquitoes.

The risk assessment should be reviewed regularly and any new information concerning the mosquito that might affect the risk assessment should be taken into account at the review. This might include information about positive or negative effects and may lead to a reclassification of the risk assessment. A matrix is a useful and standard way of expressing risk assessment data (IAEA, 2006; Beech et al., 2009). 

Risk assessment techniques can and should also be applied to confined and open field releases of GM mosquitoes (Knols & Louis, 2006; NAPPO, 2007; Benedict et al., 2008). 
4.3 Risk Management
Risk management options in the containment facility should include: 

· Measures to identify and segregate the GM mosquito during transit, and within and without the containment facility.
· Containment for appropriate storage of all life stages of the GM arthropods.
· Methods of identification of the GM mosquito and monitoring tools (molecular analysis, phenotypic analysis and trapping methods) to rapidly detect and identify escaped GM mosquitoes.

· Protocols and SOPs for use with GM mosquitoes in the facility and documented training records that staff are cognisant of the procedures and have received appropriate training in biosafety.

· A contingency plan and emergency response available in the case of accidental release.
· Devitalisation protocols available and implemented to handle GM mosquitoes and rearing wastes, including a disposal protocol.

Risk management options should be appropriate to the risk that is assessed. It is usual in risk assessment that a risk class, or arthropod containment level (ACL), is assigned to the organism. For example, in the Arthropod Containment Guidance (ASTMH 2003, also cited as Benedict et al., 2003) there are four risk classes and in the WHO Guidelines there are also four risk classes (WHO, 2004b). Generally speaking the containment measures in ACL-2 risk classification are appropriate for GM mosquitoes if they are uninfected with a human disease pathogen.

4.4 Inspections

Containment facilities may require an official inspection by the relevant local and/or national regulatory authority to determine if the facility is appropriately constructed and managed to limit the accidental release of GM mosquitoes. Approval of the facility may be dependent on the local and/or national regulatory authority.
4.5 Staff Training

It is important to have qualified and trained staff working at the facility with the GM mosquitoes as this can enhance the management of biosafety requirements. 

4.6 Record Keeping
It is extremely important to retain records about the research and experiments conducted, and where mosquitoes were sourced from. Any unexpected effects observed in experiments should be carefully documented as this information could potentially alter the risk assessment. As familiarity is built up about the organism this could lead to an amendment of the risk assessment and the assignment of a lower containment category. Procedures should also be in place for the recording and reporting of accidents or incidents involving the GMO.
4.7 Reporting

Depending on the national legislation and how it is implemented and the risk category involved, regular reporting to the government may be required regarding the work that has been conducted at the facility.

In the event of incidents/accidents with GM mosquitoes, all such events should be thoroughly investigated and reported to the responsible party in accordance with the permit requirements and or local/national legislation. Penalties may be determined by the local authorities.
5. Confined Field Research

5.1 Introduction

This section is designed to provide guidance to researchers considering confined field releases of GM insects. Field trials play a critical role in the evaluation and development of new techniques and are a well known method of obtaining experimental information from the natural environment. 

Confined field release in this context is defined as not only physical confinement, such as cages but also releases where the establishment and spread of the GM mosquito is restricted by biological, temporal or geographic mechanisms. It is by its nature experimental, and conducted in the open field in a way that confines the materials in a biological, geographical and/or temporal way. These are not mutually exclusive and redundancy of confinement measures may be used. An additional feature is that the regulatory authority maintains surveillance over the trial by inspection, audit and reporting. 

It is important to determine the risks of confined field research on a case by case basis, as small scale releases are often restricted in size and time, and this has implications on the risk assessment, management and risk communication. Once again the use of risk assessment, management and communication tools is the basis of determining the potential risks to human health and the environment of confined releases of GM mosquitoes. Other aspects such as community engagement and political and regulatory authorisations are addressed in a different module of the MosqGuide Project (i.e. Module 1).
Legal Authorities
Confined trials will often need regulatory approval before they can take place. No trial should take place without consultation with the local or national regulatory authority as to the necessary procedures to follow to secure written permission for the trial to be conducted. 

Depending on the national framework, applications may be required to be submitted through an IBSC or IBC, an institutional biosafety committee. This body will review the application for completeness and needs to endorse the project in advance of progressing to a national review committee. Once at the national review stage an independent committee reviews and either endorses or rejects the application. This review committee may seek additional scientific expertise if they feel that the application requires it, or may convene a wider scientific evaluation such as an advisory panel. Additionally there may be a period of public comment. At the end of the review period, if a consent is issued it should include the period for which the consent is valid, and any terms and conditions that the authority wishes to use to protect human health and the environment as a result of its risk assessment. 
Each nation has the sovereign authority to decide whether a confined release can take place in its jurisdiction.

5.2 Considerations for Risk Assessment

Field Cages/Field Houses

Field cages are often temporary facilities in which research is carried out with arthropod vectors. They can be regarded as a large insectary; however the difference is that if there are GM insect vector escapees from a field cage, the vector may become established in the environment, depending on the trait that has been introduced into the mosquito. Field cages for the use of GM mosquitoes have been reviewed by Knols et al. (2003) and Ferguson et al. (2008).
5.3 Site Selection
Site selection has been reviewed by Knols & Bossin (2006). 

There are three major considerations in the choice of a field site for confined release of GM vectors: 

· Scientific considerations

· Regulatory considerations

· Community considerations
Scientific Considerations
The scientific considerations have to be considered in the context of the trial objectives; however there are some general issues that should be addressed in most trials involving mosquitoes (McKemey et al., 2008) which are outlined below.
Presence of mosquito species: Perhaps the most important parameter is that the target mosquito should be present in sufficient quantities, if not abundant. If the population is too small it may not be possible to demonstrate efficacy of the intervention statistically. Baseline studies on the existing population of mosquitoes are essential to determine its presence and stability.

Field size: The size of the trial will require a trade off between the accuracy and validity of the study vs the resources it will require. In practice, small sites are selected that are large enough to deliver the objectives of the trial. Additional considerations are the area of the site chosen vs the human population density.

Isolation: The site needs to be geographically isolated by water (i.e. an island) or habitat (i.e. an urban area). This is principally to minimise the immigration of mosquitoes from adjacent untreated areas which could compromise the efficacy of the intervention. If geographically isolated areas are not available a buffer zone concept may be used around the test site. The buffer zone has the same treatment but is not included in the sampling and monitoring processes.

Ecological stability: The site should be ecologically stable to limit the number of variables that could impact the results of the trial. In many regions the size of the mosquito population fluctuates seasonally and this should be taken into account when considering the timing of the trial.

Presence of control sites: Field sites should have control or comparable sites nearby, although this might not be feasible for large scale intervention trials. In these cases historical data on mosquito population and disease incidence, from the local or national health authority, may serve as an appropriate comparator.
Human population density: Consideration should be given to conducting a trial in a site with or without human habitation. The limitation for Aedes mosquitoes of conducting a trial in an uninhabited site is that there may not be any local female mosquitoes with which the released male mosquitoes may mate. Density of human inhabitation can influence the location of the trial site as described in ‘Field size’ above.

Presence of disease: It is the general goal of vector control interventions to ultimately prevent the spread of the disease the mosquito vectors. Therefore the site should be endemic for the disease if the objective of the study is to look at transmission thresholds or demonstrate control of the disease.

Regulatory Considerations and Community Considerations
These considerations regarding site selection will be considered in Module 1 and researchers are encouraged to read that module in conjunction with this one, and the scientific recommendations.

6. Open Field Research
6.1 Introduction

While a number of requirements for field-release trial sites are generic, some issues depend on trial design. Regarding population reduction strategies, three categories of open field trial design can be envisaged: ranging trials, suppression trials and pilot-scale intervention trials
· Ranging trial: This is a time-limited, minimal-scale (4–6 weeks of releases with <100,000 males released) initial trial in which a known number of mosquitoes are released into a wild population. Ensuing released male to wild male and female mating ratios are estimated from adult traps and ovitraps, respectively; data relating to the longevity and dispersal of released males also may be obtained. Data from this experiment allow estimates of the size of the wild population, in-the-field mating competitiveness of released males and the necessary release rate to actually suppress the target population. This small-scale trial would not have population suppression as an endpoint.
· Suppression trial: This also is a time-limited, small-scale (4–6 months of releases with ~100,000 males per week) trial release. The endpoints are the same as for a ranging trial with the major addition of also emphasising suppression. The release programme is expected to show a measurable impact on the numerical size of the wild mosquito population in the release area.

· Pilot-scale intervention trial: This is a larger release, perhaps 12–24 months’ duration covering one or more significant human settlements of ≥100,000 inhabitants. The endpoints are similar to the suppression trial. Depending on the location and trial design, epidemiological measures/endpoints also may be feasible.

Each of these trials requires control areas in addition to the release area. Depending on resources and other issues, more than one release area may be used within a given trial. 

6.2 Site Selection
Site selection criteria are a triumvirate of scientific/technical requirements, community engagement and ethical consideration, and regulatory approval/acceptability. The latter two are dealt with in other parts of the MosqGuide Project, namely Modules 1 and 3. The scientific/technical considerations for the open field site, as mentioned earlier, are largely dependent on trial design, but are also very similar to those for the confined field sites.

Large sites and large numbers of sites in a cluster randomised design will improve the accuracy and validity of the study. However, larger/more sites require more resources. Site size will be a trade-off between the demand for statistical robustness and costs. In practice, sites selected are as small as possible, while remaining large enough to deliver the objectives of the trials. Both the area (km2) and the density of the human population will be parameters in this balance. Higher density human populations may support higher mosquito populations, and the vectorial capacity of a mosquito population is often related to numbers of mosquito per person, rather than numbers per area. 

Studies looking primarily at disease reduction will generally have to involve larger human populations in order to demonstrate an effect of intervention (area may be less important as a measure of size than human population). This is because the treated and control areas will have to have sufficient disease cases to demonstrate a significant effect of intervention. Prevalence and incidence of disease within the population will also need to be considered. For example, a smaller site with a population of 10,000 consistently reporting 100–200 disease cases per month would likely be more suitable than a site with 100,000 people with intermittent cases in the range of 5–10 per month.

Another key consideration is the size of the target vector population in terms of number of mosquitoes. Recruitment rate is the most relevant measure but may not be available (pupal surveys may be a proxy). In some respects there may be a potential trade-off between spatial and temporal scale. Total number of expected disease cases may be a function of spatial scale (number of inhabitants) and temporal scale (as well of other factors, e.g. intensity of transmission).

Ideally, trial sites would be geographically isolated. This is principally to minimise the impact of immigration of mosquitoes from adjacent untreated sites. How much this matters depends on the trial design and endpoints. While isolation is not required for a ranging trial, it is particularly important for a small-scale suppression trial. Furthermore, as the spatial scale becomes larger, for example, a pilot-scale intervention programme, the issue of isolation becomes somewhat less significant as the trial site becomes large relative to the mosquito dispersal distance. This is because migration effects are confined to a border area that becomes less significant relative to the total site area as that site area increases. Thus in a suppression trial, it might be possible to be able to kill, using any method, all mosquitoes in a house, but at this scale mosquitoes from adjacent houses would rapidly re-colonise, and monitoring within the house will show little or no impact of the intervention. Thus, the ‘signal’ of suppression is masked by the ‘noise’ of immigration.
A phased series of trials of increasing scale is envisaged. Data from earlier trials will inform later ones. The relevance/applicability of these early data will be greater if the later trials are in similar locations, perhaps even the same locations.
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8. Acronyms
ACL
arthropod containment level

APHIS
USDA Animal and Plant Health Inspection Service
AQIS
Australian Quarantine and Inspection Service
ARS
USDA Agricultural Research Service

ASTMH
American Society of Tropical Medicine and Hygiene 
ATCC
American Type Culture Collection

ANVISA
Agência Nacional de Vigilância Sanitária/National Health Surveillance Agency (Brazil)

BCIL
Biotech Consortium India Ltd
BRS
USDA Biotechnology Regulatory Services

CDC
Centers for Disease Control and Prevention (USA)
CFR 
Code of Federal Regulations (USA)

CILSS
Comité permanent Inter-Etats de Lutte contre la Sécheresse dans le Sahel/Permanent Inter-State Committee for Drought Control in the Sahel (Burkina Faso, Cabo Verde, Chad, Gambia, Guinea-Bissau, Mali, Mauritania, Niger, Senegal) 
CRP
IAEA Co-ordinated Research Project

CTNBio
Comissão Técnica Nacional de Biossegurrança, Ministério da Ciência e Tecnologia/National Technical Biosafety Commission, Ministry of Science and Technology (Brazil)

DBT
Department of Biotechnology, Ministry of Science and Technology (India)

DNA
deoxyribonucleic acid
EFSA
European Food Safety Authority

EU
European Union

FAO
Food and Agriculture Organization of the United Nations

GM(O)
genetically modified (organism)

IAEA
International Atomic Energy Agency

IBC or IBSC
institutional biosafety committee
ID
identification
IPPC
International Plant Protection Convention
ISPM
IPPC International Standards for Phytosanitary Measures

LMO
living modified organisms
MR4
Malaria Research and Reference Reagent Resource Center (USA)

MRCU
Mosquito Research and Control Unit (Cayman Islands)
NAPPO
North American Plant Protection Organization
NARA
National Archives and Records Administration (USA)
NIAID
NIH National Institute of Allergy and Infectious Diseases (USA)
NIH
National Institutes of Health (USA)
OFR
NARA Office of the Federal Register (USA)

OGTR
Office of the Gene Technology Regulator (Australia)
PCR
polymerase chain reaction

RCM
IAEA CRP Research Coordination Meeting

rDNA
recombinant deoxyribonucleic acid
RIDL®
Release of Insects carrying a Dominant Lethal [gene]
RSPM
NAPPO Regional Standards for Phytosanitary Measures
SEMARNAT
Secretaría de Medio Ambiente y Recursos Naturales/Secretary of Environment and Natural Resources (Mexico)

SIT
sterile insect technique
SOPs
standardised operating procedures
TDR
the Special Programme for Research and Training in Tropical Diseases
UNICEF
United Nations Children’s Fund

UNDP
United Nations Development Programme
USDA
United States Department of Agriculture

WHO
World Health Organization
WHOPES
World Health Organization Pesticide Evaluation Scheme
Box 2: USDA BRS Import Packaging and Labelling Requirements1�(in accordance with 7 CFR 340.7 and 8)


Packing


Insects (all life stages) to be placed in an escape-proof primary shipping container (glass, metal, plastic, etc.) and sealed to prevent escape.


Primary containers shall be placed inside a secondary shipping container of crushproof Styrofoam™ or other material of equivalent strength. One or more rigid ice packs may be placed within the secondary shipping container. Sufficient packing material is to be added to prevent movement of the primary container.


The secondary container is to be placed securely within an outer shipping container constructed of corrugated fibreboard, corrugated cardboard, wood or other material of equivalent strength.


Labelling


Place inside the package the following:


A copy of the approved permit;


Consignee’s name and address and packing list or invoice;


Airway bill, if applicable. For international airway bills make sure that is addressed to the inspection station specified on the shipping label.


On one face of the package securely attach an APHIS blue and white shipping label corresponding to the permit.


Do not write on the blue and white labels.





Source: US Code of Federal Regulations 7 CFR 340.7 and 8.
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