Comments on the Draft Outline of the guidance document on LM Mosquitoes from Dr S.S. Vasan and Dr Lee Han Lim, Co-Principal Investigators – Oxitec-Institute for Medical Research Joint Initiative, and Co-Investigators – WHO/TDR BL5 Asian Centre for Training in Biosafety Assessment for Human Health and Environment using Genetical Modified Vectors
Living Modified Mosquitoes (LMMs) have the potential to become a new tool in mankind’s fight against mosquito-borne diseases, and have started progressing from laboratory to field (Vasan 2009; Beech et al. 2009a). They are not and should not be treated as a stand-alone solution, but as part of well integrated vector control programmes in disease endemic regions.
Some points to consider (in the draft Guidance Document):
· Biological diversity

Could release of a given (LM) mosquito species contribute to other species becoming pests? What would be the potential mechanism(s) and how likely are they to occur? These questions should be considered carefully in risk assessments. 

There are over 3500 species of mosquitoes, and any successful control programme targeting Aedes/Anopheles species is likely to have some effect on other insects including beneficial insects. This is not peculiar to LMMs, the same would be true of conventional programmes (e.g. insecticides, Bti) as well. In fact, the ‘collateral damage’ is likely to be minimal with SIT because it is species-specific. Aedes aegypti is not native to Asia and achieved pan-tropical distribution only by 1930s, so it is unlikely to have a major role in food chain in Asia. Clearly, this is not true of the Asian Tiger Mosquito Aedes albopictus, so it is important to adopt a case-by-case approach in risk analysis (e.g. Beech et al. 2009b). Thus, habitat range is an important consideration in the release of insects in determining the potential for its establishment in the environment.  A description of the habitat and whether the species is native/invasive in a given area is therefore a key consideration.

Mosquitoes are not known to be pollinators of agricultural crops – only one plant is known to have a mosquito as a pollinator. Also, the rationale appears to suggest that mosquito species other than those transmitting dengue and malaria – with Toxorhynchites and Culex species for instance – could be affected. The rationale should point to detailed information on biology and habitat of mosquitoes, and other species in the release area needs to be provided in the risk assessment. This could address some of the points raised by Dr Mark Benedict in the forum.

· Gene Flow
As mentioned in the first online forum, gene flow in LMMs is potentially less of an issue than with GM plants.  This is because insects have evolved species-specific mating barriers, and do not have ‘feral populations’ or wild relatives with which to mate. For instance, we have cross-mated Aedes aegypti with its close species Aedes albopictus, but such matings do not produce any viable offspring (Lee et al. 2009). The point in the guidance document regarding vertical transmission (and whether the insect can become more fit) is at odds with risk assessment fundamentals. The fact that an insect is fitter than the wild type does not necessarily indicate its potential impact on environmentally significant endpoints. Even if insects are fitter than wild type, if the introduced gene has no selective advantage then it is unlikely to be sustained by the population.
· Ecologically mediated effects on human health

The suppression of a target mosquito species (e.g. Aedes aegypti) could favour a different vector species to fill the empty niche (e.g. Aedes albopictus). Rigorous monitoring during suppression trials is therefore essential to determine if replacement with a different vector species could be realised. This has already been suggested in the risk management measures (e.g. Beech et al. 2009b).

· Evolutionary responses

Evolutionary response concerns change over time and with new environmental conditions.  Mutations usually occur at a low rate and can often be deleterious to the organism.  During production of LMMs the maintenance and audit (quality control) of the desired traits within the colony is essential so that potential gene mutations can be detected and filtered out prior to environmental release. Consequently although out of the scope of the Cartagena protocol, insect production and quality control remain valuable tools and could be seen as a risk management measure. These measures are routinely used in the large scale production of invertebrate biological control agents and radiation-sterilised insects for SIT (Sterile Insect Technique).
· Persistence of the transgene in the environment

This perhaps is one of the most important points in the risk assessment of LMMs that contain a gene-drive mechanism to spread the gene(s) throughout the population, although there is nothing noted under the rationale section. Risk management should include strict monitoring to determine if the gene is spreading throughout the population in the anticipated way, if the transgene is still intact and functioning, and if resistance has not been identified.  A resistance management plan as well as an emergency response plan should be essential components of the risk management measures.
· Importance of balancing risks with benefits
Once a LMM e.g. transgenic Aedes aegypti, the vector of dengue has been created and shown promise in laboratory and semi-field contained trial, open field release should then be considered after regulatory and ethics clearance and public engagement. This is especially pertinent if the release is used to suppress the vector population for the final goal of disease control, e.g. dengue control. Other than the importance of design and implementation of field trials in a scientific manner, proper regulation of such trial is of paramount importance to ensure biosafety and effectiveness. Regulatory measures must be conducted in every stage of the proposed release in a stepwise manner in accordance with established law and regulation. From our experience, adherence to the Malaysia Biosafety Act 2007 is mandatory to ensure biosafety. However, at times, over-regulation of release of LMM, especially those used for disease control, will delay and even stop such an important attempt. This is especially true in a mosquito-borne disease such as dengue, of which no know effective vaccines nor anti-viral treatment are available and the only option is vector control which is still not effective enough to contain the spread of dengue.Hence a stepwise balanced regulation of use of LMM is desirable from the viewpoint of scientific research and disease control.
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