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1. Introduction
Mosquitoes, a group of small flying insects of over 3,500 species, are vectors of pathogens 
which cause numerous deadly and/or debilita�ng diseases such as malaria, dengue, Zika, 
chikungunya and yellow fever. Malaria, for instance, is caused by Plasmodium spp. which is 
transmi�ed to humans by the female Anopheles mosquito, dengue and chikungunya are 
caused by the female Aedes aegyp� mosquito. These infec�ous diseases result in millions of 
deaths every year. Current mosquito control measures rely heavily on the use of chemical 
insec�cides, including insec�cide-treated bed nets, indoor and outdoor spraying, and the 
applica�on of larvicides to stagnant water sources which serve as mosquito breeding sites. 
Despite extensive applica�on of available control strategies, mosquito-borne diseases
con�nue to pose major global health challenges. The need for be�er methods to combat
mosquito-borne diseases is widely recognized. 

Recent research offers the possibility that gene�cally modified (GM) mosquitoes could be 
used to prevent pathogen transmission with specificity and the ability to func�on in areas that 
are difficult to reach with conven�onal control methods. Different technologies under
considera�on include those aimed at reducing the number of mosquito vectors in a given 
region (popula�on suppression) or rendering the local mosquitoes unable to transmit a
pathogen (popula�on replacement). Both types of technologies can be designed in ways so 
that GM mosquitoes persist for only a brief period of �me (self-limi�ng) or the modifica�on is 
passed on through local wild mosquitoes and persists indefinitely within the local mosquito
popula�on (self-sustaining). Ongoing releases of self-limi�ng GM mosquitoes will be required 
to maintain effec�veness. In Sri Lanka, malaria has already been declared eliminated since 
2012 whereas extensive efforts are being made for controlling Aedes spp. involved in the 
transmission of the pathogens which cause dengue, chikungunya etc. These efforts include the 
development of GM mosquitoes for popula�on suppression or popula�on replacement.   

Phased tes�ng has been recommended for GM mosquitoes, in which new GM mosquito
strategies move from the laboratory, to tes�ng in more natural environments under confined 
condi�ons, and finally to open release trials, with each transi�on dependent upon sa�sfactory 
demonstra�on of efficacy and safety.  A�er a series of consulta�ons over a period of 5 years, 
the World Health Organiza�on (WHO) developed the “Guidance framework for tes�ng of 
gene�cally modified mosquitoes” in 20141.  

In Sri Lanka, gene�cally modified organisms (GMOs)/living modified organisms (LMOs)2 are 
regulated as per the Na�onal Biosafety Framework of Sri Lanka (NBF), 2005.  The “Guidelines 
for tes�ng of gene�cally modified mosquitoes” in Sri Lanka have been prepared to provide a 
comprehensive, transparent and science-based framework for Sri Lanka. These Guidelines 
have been adapted from this Guidance Framework for tes�ng of GM mosquito by WHO with 
some sec�ons reproduced verba�m. The guidelines are aimed to support regulators in the 
iden�fica�on of poten�al risks that might be caused during the development and tes�ng of 
GM mosquitoes and guide applicants in planning and conduc�ng safety assessments in 
support of their ac�vi�es involving GM mosquitoes in Sri Lanka. More recently developed 
technologies, such as genome edi�ng and gene drives, which are also being applied to the 
control of mosquitoes may warrant addi�onal considera�ons and hence the need for upda�ng 
the guidelines in the future.
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1 WHO, 2014. Guidance framework for tes�ng of gene�cally modified mosquitoes. FNIH, WHO, TDR (2014).
h�ps://www.who.int/tdr/publica�ons/year/2014/Guidance_framework_mosquitoes.pdf.
2 LMO is defined as any living organism that possesses a novel combina�on of gene�c material obtained through the use 
of modern biotechnology; LMOs are considered to be synonymous with gene�cally modified organisms (GMOs).
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The “Guidelines for tes�ng of gene�cally modified mosquitoes in Sri Lanka” should be used in 
conjunc�on with other na�onal guidance documents and careful a�en�on should be paid to 
ensure that appropriate experimental studies are conducted to address all necessary informa�on 
and data requirements.

2. Scope 
These guidelines apply to: 
 i. imported and indigenously developed GM mosquitoes that are intended for field 
 trials or release in Sri Lanka, and
 ii. all life forms including eggs, larvae, pupae, and adults as well as reproduc�ve cells.

3. Framework for the regulation of GMOs in Sri Lanka
The NBF, 2005 aims to ensure that the risks likely to be caused by modern biotechnology and 
its products are minimized and biodiversity, human health and environment are protected 
through the formula�on of relevant policies, regula�ons, technical guidelines and the
establishment of management bodies and supervisory mechanisms. Accordingly,
GMOs/LMOs undergo a case-by-case risk assessment to evaluate any poten�al adverse 
impacts prior to release in Sri Lanka. 

In Sri Lanka, ac�vi�es involving GMOs/LMOs are regulated by the Central Environment 
Authority under The Ministry of Environment (MoE) as the Na�onal Competent Authority 
(NCA). Relevant government organiza�ons that serve as the Sectoral Competent Authori�es 
(SCAs) include Department of Animal Produc�on and Health, Department of Fisheries 
and Aqua�c Resources, Department of Agriculture, Department of Health Services, and 
Department of Wildlife Conserva�on. The SCAs are considered as expert/technical bodies for 
risk assessment and risk management.

Also, Sri Lanka as a Party to the Cartagena Protocol on Biosafety is obligated as all Par�es to 
make decisions on the import of LMOs for inten�onal introduc�on into the environment in 
accordance with scien�fically sound risk assessments. These assessments aim at iden�fying 
and evalua�ng the poten�al adverse effects· of LMOs. Annex III to the Cartagena Protocol on 
Biosafety sets forth the principles and methodologies on how to conduct a risk assessment. 

Regulatory oversight is required at all stages of tes�ng of GM Mosquitoes in Sri Lanka including 
laboratory studies and field tes�ng. Guidelines for safe use of GMOs/LMOs in the laboratory 
provide details for biosafety levels for insects. The ac�vi�es that can be conducted at different 
biosafety levels have been explained.
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4. Risk Analysis approach
Biosafety considera�ons for GM mosquitoes address their safe use through the proper
assessment of risks to the environment and human health, and the proper management of 
those risks. Risk is the combina�on of the magnitude of the consequences of a hazard, if it 
occurs, and the likelihood that the unwanted consequences will occur. Risk analysis is an 
objec�ve process to iden�fy what hazards are relevant, how significant the risks are, how they 
can be managed, and how both the risks and their management can be communicated
effec�vely to all concerned. Risks should be examined and responded to through established 
protocols within the “Risk Analysis Framework” determined by Sri Lankan biosafety
regula�ons on environmental and human health risks, and their acceptance or management. 

The purpose of risk assessment of GM mosquitoes is to iden�fy and evaluate risks to the 
health and safety of people and the environment from the release of GM mosquitoes, when 
compared with the non-GM version of the mosquitoes and to characterize the risks on the 
basis of severity and likelihood. 

Risk assessment and risk management must be focused on the par�cular GM mosquito
applica�on under examina�on. Specific risk assessment and risk management considera�ons 
will vary among various GM mosquito technologies and in different phases of tes�ng.
Regulatory decision-making also includes opportuni�es for public consulta�on prior to 
release. 

An important concept of risk analysis is that while an event theore�cally may occur, it will not 
necessarily be harmful, because either it does not have a perceived nega�ve effect or it does 
not have an effect specified as harmful in regula�ons. Risk analysis must be undertaken on a 
case-by-case basis to iden�fy and manage any adverse effects to the environment and/or 
human health.

5. Key Considerations for testing of GM mosquitoes
5.1 Phased Tes�ng

A phased tes�ng pathway is recommended for GM mosquitoes, with systema�c assessment of 
safety and efficacy at each step.  These include:

Phase 1 – Laboratory/cage studies, 
Phase 2 – Confined field trials, 
Phase 3 – Stage open field releases, and
Phase 4 – Post implementa�on surveillance. 

The following illustra�on describes the above as a unidirec�onal pathway. However, in
prac�ce, repe��ons of some segments of the pathway may be required in order to improve 
the technology and refine the procedure un�l the requirements for moving to the next phase 
are met (Fig. 1). 
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Fig.1. The schema�c diagram illustra�ng the unidirec�onal pathway ac�vi�es pertaining to 
development of basic data and deployment of a GMO in the field

The specific experimental designs to be used may vary widely. According to the specific
mosquitoes, study sites for tes�ng and progression of experiments from the laboratory to the 
field will require reconsidera�on at each stage.

5.2 Site Characteris�cs

Baseline informa�on on key site characteris�cs is important to ensure that field trials can be 
adequately planned and interpreted. Selec�on criteria might include the distribu�on of
principal vectors in the release area, the loca�on of mosquito larval sites, clima�c condi�ons, 
knowledge of ac�ve transmission (if any) of the target disease pathogen at the site, geographical 
isola�on of the site for confined trials so that there is negligible chance of any impact outside 
the trial area, exis�ng data on the transmission dynamics of the target disease, and exis�ng 
surveillance and control systems for both vectors and disease, the likelihood of obtaining
regulatory, social and poli�cal approval for research on GMMs in the study community and 
surrounding areas, and the ability to con�nue exis�ng vector control prac�ces.

5.3 Appropriate Comparators

The choice of non-modified mosquito comparators is essen�al in risk assessment of GM
mosquitoes. In some phases, such as in Phase I, the ancestral laboratory line from which the 
transgenic mosquito line was derived, is a logical comparator. Some�mes, ancestral laboratory 
lines may lead to a less precise risk assessment relevant to the characteriza�on of the gene�c 
modifica�on compared to wild popula�on due to the loss of fitness because of intensive
rearing in the laboratory. In cases when it is proposed to use alterna�ve non-modified
comparators (such as field-derived strains of the modified species), it will require careful
scru�ny of the gene�c background together with physiological and behavioural characteris�cs. 
Such comparators may be more appropriate for field comparisons in later stages.

Laboratory 
studies

Laboratory 
Popula�on Cages

Physically Confined 
Field Trials

Ecologically Confined 
Field Trials

Staged Open 
Field Releases

Post
 Implementa�on 

Surveillance 
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04

Guidelines for testing of genetically modified mosquitoes in Sri Lanka



It is likely that GM mosquitoes will be used in the absence of other control methods in Phase 
1 and large outdoor cage tes�ng of Phase 2. Conven�onal experimental approaches involving 
direct comparison between GM mosquito cages and control cages with random treatment 
assignment may be used.  In such cases, only entomological measurements can be made.  A 
sufficient number of replicates should be used to detect the expected difference in the
entomological outcomes between GM mosquito and control cages. At later stages, the novel 
mosquito control system incorpora�ng GMMs may be compared with conven�onal control 
system. The comparison is related to the scale and purpose at this phase and addresses the 
risks arising across the integrated systems of control.

5.4 Efficacy evalua�on

Efficacy measurements of GM mosquitoes can be defined by entomological and epidemiological 
outcomes. These differ according to the disease, the vector species and the epidemiological 
circumstances. Efficacy measurements will also vary depending on the intended effects of GM 
mosquito strategies and tes�ng phases. For example, transmission intensity cannot be
measured in Phase 1 tes�ng in a small-scale laboratory se�ng or in larger popula�on cages.  
Instead, es�ma�ons of transgene phenotype stability, popula�on reduc�on, and transgene 
spread and frequency are feasible, and are meaningful indicators of GM efficacy. These must 
be considered within the context of the disease transmission se�ng in which the GM
mosquitoes will be tested and/or deployed. Entomological outcomes must be monitored 
throughout the phases of development. As tes�ng moves to se�ngs in which humans are, or 
may be, present, increased a�en�on to epidemiological outcomes must be added.

5.5 Mathema�cal modelling

RA can be enhanced by coupling experiments and/or observa�ons with mathema�cal
modelling. Mathema�cal modelling can highlight the range of parameters necessary for RA. 
The overall aim of mathema�cal modelling within the RA context of risk assessment can be 
undertaken on case-by -case basis to predict behaviour based on proper�es and assump�ons 
of transgenic modifica�ons and assessing the likelihood of events. For example, a specific set 
of molecular modifica�ons, mathema�cal models might be used to predict whether or not the 
fitness of the GM mosquito will be enhanced by the molecular modifica�on. Mathema�cal 
modelling of inter-specific interac�ons might also be useful to reveal poten�al structural
altera�on to the ecological (bio�c) effects. Under self-sustaining strategies, assessing whether 
the heritable modifica�on will have an impact on the ecological compe��ve ability of the 
GMM and/or ecological interac�ons could be accomplishes using data from small-scale 
semi-ar�ficial popula�on trials in the laboratory.

5.6. ‘Go’ and ‘no-go’ decision criteria

Transi�on from the laboratory to the field or from one phase to the next will be subject ‘go’/ 
‘no-go’ decision criteria, including efficacy and safety endpoints, regulatory and ethical 
approval and social acceptance. There is always a need to plan clear stated performance
milestones at which point the project either proceeds to the next level or to modify or the trial 
is discon�nued. The consequences of the trials become greater from physically confined to 
ecologically confined and open-field release. Con�nuous monitoring to iden�fy the adverse 
effects must increase accordingly.
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6. Phase 1 testing: Laboratory/cages 
Phase 1 studies include small scale laboratory studies for efficacy and safety tes�ng, followed 
by tes�ng in larger popula�on cages in laboratory se�ng under appropriate containment
facili�es and procedures. Guidelines for the safe use of GMOs/LMOs in the laboratory may be 
consulted appropriate in conjunc�on with interna�onal guidance on arthropod containment 
levels, e.g., American Commi�ee of Medical Entomology3, which are regularly updated from 
�me to �me. Phase 1 tes�ng is at an early stage of development, there will inevitably be
limited informa�on on the stability and effect of gene�c modifica�ons and a cau�ous 
approach is essen�al, primarily due to uncertainty rather than any established hazard. Risk 
assessment in prepara�on for Phase 1 will include condi�ons under which laboratory studies 
can be conducted, including the acceptable level of exposure to GM mosquitoes by research 
personnel, acceptable security measures to prevent GM mosquitoes from escaping, and 
appropriate methods for disposing of waste materials should be followed. Emergency plan for 
control or mi�ga�on measures should be in place to eliminate escaped GM mosquitoes 
through proven means, such as pes�cide applica�ons, insect trapping etc. Phase 1 trials allow 
preliminary assessment of whether GM mosquitoes demonstrate the desired biological and 
func�onal characteris�cs, with an eye toward future efficacy and safety. 

Only entomological outcomes can be determined in Phase 1. Pathogen interac�ons can, also, 
be measured. Typical studies/informa�on in Phase I that can be undertaken, are as follows:
  

 • Basic descrip�on of the transgene, including its sequence, inser�on site, phenotype 
 and inheritance.  This informa�on will be used during Phases 2 and 3 to confirm the GM 
 mosquito’s characteris�cs.

 • Stability of the transgene and its phenotype.

 • Life-history characteris�cs in controlled environments. 

 • Ma�ng compe��veness against laboratory mosquito strains. 
 • Frequency of GM mosquitoes that express the desired characteris�c and the level of 
 expression. 

 • Capability to host and transmit pathogen isolates. 

 • For popula�on suppression strategies, rate of suppression in laboratory cage trials. 

 • Ma�ng frequencies and egg hatching rates within the strain and in crosses to
 laboratory strains. 

 • GM mosquito release simula�ons in large indoor cages. 

 • Modelling effects an�cipated in wild popula�ons. 

 • Establishment of Standard Opera�ng Procedures (SOPs) for GM mosquito produc�on 
 and release.

3  h�ps://safety.fsu.edu/safety_manual/suppor�ng_docs/Arthropod%20Containment%20Guidelines.pdf
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7. Phase 2 testing: Field testing 
Phase 2 tes�ng involves confined tes�ng in a more natural se�ng but condi�ons that will limit 
release into the environment. Tes�ng in Phase 2 may be undertaken in physical confinement 
(some�mes termed as containment) and/or small scale ecologically confined field release as 
indicated below.

 (i) Physically confined or contained: This refers to trials performed in large outdoor 
  cages that simulate the disease endemic se�ng but minimizing the possibility of 
  escape. The escape is highly unlikely due to physical barriers and special
  procedures. Such trials allow rapid termina�on and simple detec�on of escapees. 

 (ii) Ecologically confined: This refers to small scale ecologically confined field release 
  under geographic/spa�al and/or clima�c isola�on intended to limit the spread of 
  GM mosquitoes into the environment. These trials are conducted in delimited 
  areas from which escape is unlikely due to some ecological or geographical
  isola�ng factor. These include ecological or physical islands. 

The decision about the requirement of one or both components of Phase 2 tes�ng will depend 
on the nature of GM mosquito technology, prior knowledge of its effects in other
environments, taking into account the process of risk assessment. Regulators will determine 
the request of types of trials more by safety rather than by efficacy considera�ons. For some 
GM mosquito technologies, physical confinement is not a necessary step in the tes�ng
pathway, instead the gene�c or ecological confinement condi�ons may provide sufficient risk 
reduc�on.  Par�cularly, in cases where Phase 1 results have demonstrated that there is limited 
poten�al for dispersal, physical confinement may be less important. For example, for trials 
where the GM mosquito’s progeny does not mature to adults, or where the GM mosquito is 
not expected to persist. Previous evidence from laboratory or other confined trials may 
demonstrate that protocols to discriminate the sex of the released mosquitoes, and their 
phenotypic proper�es, are sufficient to ensure safety in an ecologically confined trial.
Conversely, for gene drive constructs designed to be inherited at greater than Mendelian 
frequencies, and thus spread through popula�ons, physical confinement may be required 
throughout development.

Regulatory requirements will differ for physically confined versus ecologically confined trials, 
since ecologically confined field trials involve inten�onal, although limited, release into the 
environment.  In physically confined field trials, par�cular a�en�on should be paid to cage 
designs and local environmental condi�ons at the chosen field site. Aspects of local geological, 
ecological and regulatory criteria will underpin the design of physically confined field cages 
and trial implementa�on. Ecologically confined field trials may take place in loca�ons that do 
not favour the long-term survival of the GM mosquitoes, or in ecologically isolated loca�ons 
(such as an area surrounded by water, deserts or mountains). Combina�ons of physically and 
ecologically confined trials are possible.
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Risk management measures including restricted access, clear and well managed standard 
opera�ng procedures (SOPs) should be used to mi�gate risks associated with confined field 
tes�ng. Applicants are required to put in place SOPs to document how transgenic material 
should be moved from laboratory to the field prior to release, protocols for ensuring site
security/cage suitability, criteria for release strategies, surveillance during the trials and 
post-trial removal of material and cages. Monitoring the performance of containment/
confinement measures will minimize risk from unintended release. Periodic sampling of the 
GM mosquito popula�on in the trial should be undertaken to determine the stability of the 
transgenes and any recognizable change in the gene�cs of the popula�on that may affect the 
impact of the technology. Plans would need to indicate how residual popula�ons in cages 
would be eliminated a�er a trial; in the case that the risk is determined to be negligible, this 
might simply involve allowing the material to enter the decomposer food chain. However, if 
such residual material were iden�fied to cons�tute a hazard, more aggressive risk
management of residual dead material would need to be considered. 

Understanding the risk associated with a breach of physical/ecological confinement requires 
appropriate considera�on.  A breach of physical confinement may lead to the loss of GM
mosquitoes or loss of gene�c material into the wider receiving environment. The risk
assessment should take into account cage designs, experimental planning, emergency
prepara�on, training, and site security. A mechanism for prac�cal and reliable discrimina�on 
of GM mosquitoes and wild mosquitoes should be available prior to ini�a�ng Phase 2
experiments (for example, through the use of fluorescent dyes or dusts and/or phenotypic or 
gene�c markers). Where release of male only GM mosquitoes is part of the system, methods 
for reliable sex-selec�on prior to release will be necessary to ensure an acceptable sex ra�o is 
achieved. Other biological considera�ons for risk assessment in prepara�on for Phase 2 
tes�ng would include what is known about the local dispersal and gene flow pa�erns for 
target mosquitoes and what pathogens they transmit in the receiving environment. 

In terms of data to be collected the focus of Phase 2 trials is to con�nue assessment of
biological and func�onal ac�vity of GM mosquitoes, including their effect on local/wild type 
mosquitoes. Because of the limited scale, the informa�on on the disease impact would need 
to be studied in larger GM mosquito trials, taking into account the regulatory and ethical 
considera�ons. This would require basic ecological, entomological and epidemiological
informa�on so as to iden�fy clear end points. Phase 2 trials should be structured to provide 
relevant informa�on on the ecological processes cri�cal to the evalua�on, efficacy and success 
of the GM mosquitoes. Addi�onal considera�ons for biological informa�on to be collected in 
Phase 2 tes�ng will relate to the specific GM mosquito approach under considera�on.
Epidemiological outcomes may begin to be measured in confined release trials, although, for 
the reasons explained above, this will be uncommon due to the small scale of the trials.
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Entomological activities in physical confinement
 • Ma�ng compe��veness against mosquito strains having a wild gene�c cons�tu�on. 
 • Frequency of GM mosquitoes that express the desired characteris�c and the level of 
  expression in strains containing wild gene�c background. 
 • Capability of GM mosquitoes containing local wild gene�c cons�tu�on to host and 
  transmit local pathogen isolates.  
 • For popula�on suppression strategies, the rate of suppression against wild mosquitoes 
  in cage trials. 
 • Egg hatching rates in crosses to wild mosquitoes. 
 • GM mosquito release simula�ons in large outdoor cages. 

Entomological activities in ecological confinement
 • Establishment of go and no-go criteria. 
 • Compa�bility studies with other mosquito control measures.  
 • Measures of GM mosquito dispersal. 
 • Baseline studies of vector composi�on and abundance. 
 • Measures of transgene func�onality and muta�on rate. 
 • For popula�on suppression strategies, the rate of suppression against wild mosquitoes. 
 • Randomized treatments of similar trial sites. 
 • Model refinement based on Phase 2 entomology and epidemiology observa�ons; 
  es�ma�on of impact on entomological inocula�on rate (EIR). 
 • For popula�on suppression strategies, refined measures of rela�onship between 
  sterility and popula�on suppression. 

Epidemiological activities in ecological confinement 
 • Measures of the ability to sustain development of local pathogen isolates as an 
  indica�on of poten�al for transmission.

8. Phase 3 testing: Staged open field releases
Based on sa�sfactory results of confined tes�ng in Phase 2, the GM mosquito technology may 
proceed to staged open release trials under Phase 3. This will involve a series of sequen�al 
trials of increasing size, dura�on and complexity, to be conducted at a single site or mul�ple 
sites. These trials may be designed to assess performance under various condi�ons, such as 
different levels of pathogen transmission, seasonal varia�ons in mosquito density, or presence 
of other disease vectors in the region. While the measurement of entomological parameters is 
likely to remain the focus of early Phase 3 trials, later trials in this phase may include measurement 
of the impact of GM mosquitoes on infec�on and/or disease in human popula�ons. Trials to 
show epidemiological impact must be designed accordingly, with considerable thought on the 
needs for achieving a sta�s�cally meaningful result.  Although s�ll focused on intense
examina�on of the func�on and efficacy of GM mosquitoes, Phase 3 trials effec�vely ins�tute 
a limited deployment of the technology; this will especially be the case for self-sustaining 
approaches that are an�cipated to persist. 
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Site selec�on for open releases should consider the isola�on of the site, the structure and 
knowledge of the vector popula�on, the disease dynamics and the implica�ons of any
differen�al impacts among local communi�es. It should also consider the size of the open-field 
release site, which will dictate the site characteris�cs. When selec�ng the site, risk assessment 
could make use of the substan�al advances in technology and knowledge of geographical 
surveys (e.g., global posi�oning systems, geographical informa�on systems and
high-resolu�on satellite images), and predic�ve models of habitat suitability. These
methodological advances allow the thorough analysis of temporally and spa�ally referenced 
data relevant to both mosquito ecology and disease burden. Choice of appropriate site size 
and layout will enhance both the biological and sta�s�cal validity of the open-field release. 
Cluster size and number should be predicated on the focused aims and endpoints of the 
staged open release. Plans for open field releases to assess efficacy of spread (e.g.,
compe��veness, longevity, dispersal) should consider the need for well-designed and
replicated experiments at a spa�al scale that limits the effects of immigra�on and other 
spa�ally dynamic processes. Similarly, RA and RM for open releases designed to demonstrate 
suppression or replacement poten�al should consider the measurable parameters (such as 
popula�on density or the propor�on of a genotype in the field popula�on) needed to
demonstrate conclusively the aim of the release. If the end points are focused on disease 
control then appropriate knowledge of the size of the human popula�on, level of disease 
burden and ethical issues related to tes�ng of disease interven�ons should be incorporated 
into the RA. The evalua�on of GM mosquito effects on the incidence of the target infec�on will 
be part of efficacy tes�ng, but based on studies of vector capacity in phases 1 and 2,
considera�on should be given to the need for monitoring other vector-borne diseases.
Assessing the different types of release strategy for both self-limi�ng and self-sustaining 
approaches   is important, as knowledge   of the connec�vity   between   the popula�on within 
the target zone and the surrounding popula�ons is important in preven�ng any adverse   
increase   in   the   entomological   or   epidemiological   burden   associated   with   the   target 
mosquito. 

Risk management in Phase 3 will be similar to Phase 2 above but will need to be expanded in 
scale to account for the lack of confinement. The evalua�on of surveillance data would benefit 
from the availability of appropriate baselines before release (such as the level and seasonal 
pa�ern of disease burden, the past levels of the vector popula�on, effects of conven�onal 
vector-control methods). A recall or control plan of sufficient scale to limit spread should be 
agreed upon and be available before field release, if there is ongoing concern about risk. There 
should be a procedure to monitor any degrada�on of efficacy in the GM mosquito control 
system that may indicate that resistance to the effector has developed. The degree of
resistance, its rate of increase and possible a�endant hazards must be evaluated. Regular
sampling of wild popula�ons should be considered as a method to detect resistance. 

Most species of mosquitoes normally remain within a few hundred metres over their life, 
unless transported by man or strong winds. In Sri Lanka, management   should be put in place 
to avoid and detect movement through transport, in case neighbouring countries have not 
approved release for tes�ng. Released GM mosquitoes should carry markers that ensure 
discrimina�on from wild mosquitoes. In small trials, a treated barrier area downwind may 
reduce the chance of successful movement towards a border. Staff working on field tes�ng 
sites should be trained about the risks of moving living specimens and should observe
transport protocols when moving any material. Post-trial monitoring should take into account 
the numbers of GM mosquitoes released, with the aim of achieving an appropriate level of 
sampling efficiency.
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Open tes�ng in Phase 3 will introduce opportuni�es to gather data on poten�al hazards in the 
risk analysis   where these data can only be acquired   under   more   natural   condi�ons.   It   
also   provides   an   opportunity   to evaluate   the performance of GM mosquitoes integrated 
within complementary conven�onal control ac�ons.  However, considera�ons of environmental 
variability, reduced control of experimental variables, and the impact of these on proper 
experimental design and sta�s�cal power are even more influen�al at this stage. Risk
assessment under field trials may provide informa�on on whether the transgenic modifica�on 
has any chance to increase vectorial capacity (the efficiency of vector-borne disease
transmission) or vector competence (the capability of a vector to support the development of 
a pathogen) under par�cular circumstances. Assessment of wild-type mosquito popula�on 
size and dynamics is essen�al for both self-limi�ng and self-sustaining approaches.
Mark-release-recapture measurements of wild-type mosquitoes can provide a baseline for 
assessing the necessary release ra�o and the risks associated with releasing large numbers of 
transgenic mosquitoes. Assessment of popula�on size, age structure and/or sex ra�o post 
release should take into account sufficient �me for a new equilibrium to be established. The 
fitness of a popula�on should be assessed to determine if there is a risk of popula�on increase 
in the longer term. At the end of Phase 3, the GM mosquitoes stand on the verge of rou�ne 
use as a public health interven�on. Therefore, sufficient data should be collected to
understand the effect of the GM mosquitoes on disease transmission, ecological interac�ons 
and the spa�al characteris�cs of dispersal and transgene persistence. This will involve
extensive post-release monitoring of wild popula�ons for the transgene, widespread assays of 
the GM mosquitoes for phenotypic and gene�c marker stability, and an assessment of the 
performance of the RA and RM strategies. These considera�ons will cons�tute an important 
part of any decision to move forward with deployment, a decision that will necessarily also 
take into account broader cost-benefit, acceptance and na�onal public health goals.

Phase 3 is likely to begin with limited releases intended to understand the delivery
requirements and func�onality of GM mosquitoes under different circumstances, such as 
different ecologies, mosquito demographics and seasons. Large trials to determine 
epidemiological impact should only be planned a�er this informa�on is at hand, as it will be 
necessary for trial design and interpreta�on. It is recommended that randomized cluster trials 
be included in the design for late Phase 3.

Entomological activities 
 • Compa�bility studies with other mosquito control measures.  
 • Direct measures of EIR when possible. 
 • Baseline studies of vector composi�on and abundance. 
 • Measures of transgene func�onality, phenotypic stability and muta�on rate. 
 • Measures of GM mosquito dispersal.  
 • For popula�on suppression strategies, the rate of suppression of wild popula�ons. 
 • Model refinement and valida�on based on Phase 2 entomological and epidemiological
  observa�ons. 
 • For   refractory   GM mosquitoes, measures   of   na�ve   pathogen   development   and   
  transmission   in progeny from natural ma�ng of the GM mosquitoes to wild mosquitoes.  
 • Methods for measuring or es�ma�ng GM mosquito frequency and cross-species 
  gene transfer and considera�on of how long these ac�vi�es should con�nue.
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Epidemiological activities
 • Disease incidence/prevalence studies during interven�on trials.
 • Post-treatment ac�ve and/or passive disease incidence/prevalence, and considera�on  
 of how long these ac�vi�es should con�nue. 

9. Phase 4 testing:  Post implementation surveillance
Results of Phase 3 tes�ng will form the basis for determina�on as to whether the technology 
should move into wider scale applica�on as part of a na�onal or regional programme for 
vector and disease control. The ul�mate decision on deployment of GM mosquitoes as a public 
health tool will be taken with the involvement of authori�es   responsible   for determining 
na�onal or regional disease control priori�es.  Risk assessment for Phase 4 will also take into 
account whether any specific surveillance plan need to be put in place for ongoing monitoring 
of GM mosquito effects. This would also include predic�ng the likely manifesta�on of any 
poten�al resistance. In the context of implementa�on, risk evalua�on will be set against the 
benefits of GM mosquitoes in improving human health. The results of risk analysis will be 
taken into account to make a decision about whether and how to allow large scale GM mosquito 
deployment in Sri Lanka and whether to adopt GM mosquitoes as a component of Na�onal 
Disease Control Programme. 

Phase 4 cons�tutes an ongoing surveillance phase that will assess effec�veness under
opera�onal condi�ons (both entomological and epidemiological impacts), accompanied by 
monitoring of safety over �me and under diverse situa�ons.  Long term surveillance of safety 
for human health will be analogous to the pharmacovigilance applied in medicine but, in the 
case of GM mosquitoes, aspects of environmental safety should also be considered.  Ongoing 
monitoring will be aimed at ensuring sustained quality and performance for disease control, 
and determining whether any changes are needed in management of either the GM mosquito 
technology itself or other aspects of an integrated control programme.

If required, a surveillance plan may be designed and implemented to detect movement and 
introgression of the gene�c construct within vector popula�ons and detect unintended changes 
in vector biology that may result in changes in biological fitness, adverse changes in vectorial 
capacity, and changes in nuisance impacts. In case of failure to perform as expected or 
required, emergency control or mi�ga�on measures need to be available to eliminate escaped 
and established GM mosquitoes. Like any public health interven�on, GM mosquitoes will 
require ongoing monitoring to determine whether their efficacy has diminished with �me or 
because of unexpected effects that become evident when used in new areas. Appropriate 
measurement of the   entomological outcomes that guided deployment of the GM mosquito 
must be con�nued a�er the trials cease. Depending on the type of GM mosquito technology 
and the deployment strategy, mul�-year follow-up may be required.  

GM mosquitoes that reach Phase 4 will have undergone extensive efficacy tes�ng. Their 
behaviour in natural se�ngs will be established by Phase 3 ac�vi�es.  However, it cannot be 
assumed that they will con�nue to behave as expected. By analogy with the implementa�on 
of insec�cides used for long- las�ng insec�cide treated bed nets (LLIN), indoor residual
spraying (IRS) and larviciding, efficacy can change due to changes in the gene�c cons�tu�on of 
the mosquitoes or external factors such as weather and human ac�vi�es. However, the
interven�on at this point is no longer experimental, but is a control measure whose ongoing 
effec�veness in a public health programme is being determined.
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A subset of the epidemiological outcomes that were u�lized during Phase 3 trials should be 
monitored in order to determine whether the posi�ve effects on human popula�ons are being 
sustained.  It is likely that if the GM mosquitoes were deployed over large areas, only longitudinal 
passive clinical case surveillance would be prac�cal. In case a loss of efficacy is no�ced – similar 
to the appearance of insec�cide resistance with conven�onal control – any second-genera�on 
GM mosquitoes that may be created must also be tested in phases 1–3, and monitored in 
Phase 4.  

Entomological activities
 • Direct measures of EIR under novel condi�ons (when possible).
 • Widespread intermi�ent sampling of transgene func�onality and muta�on rate. 
 • Wide-scale intermi�ent measurement of GM mosquito dispersal and gene flow.
 • For popula�on suppression strategies, sampling   of   the   degree   of   suppression  
 of   wild popula�ons.
 • Model refinement based on entomological and epidemiological observa�ons.
 • For refractory GM mosquitoes, observa�on of na�ve pathogen development in
 mosquitoes collected in disparate se�ngs. 

Epidemiological activities
 • Longitudinal passive case detec�on of targeted disease and other mosquito-borne 
 diseases. 

The data requirements for each species/trait combina�on will be different on a case by case 
basis. An indica�ve list of informa�on required in support of risk assessment for field trials/ 
environmental release of GM mosquitoes is given in Annex-1.

10. Public engagement 
The cri�cal path for GM mosquito development will include not only proof of efficacy, but also 
proof of acceptability and deliverability. Ac�vi�es for engagement of stakeholders need to be 
considered broadly at three levels, viz. project level, community engagement and general 
public. At the ini�al stages i.e. project level, the focus of engagement is limited to the project 
team, interac�ons with advisory commi�ee and consultants as well as other scien�st on 
case-by-case basis. Once the field trial sites are iden�fied, delibera�ons may be held with 
interested groups in respec�ve sites. Community engagement is required with people living 
within a proximity of the trial site. Individuals not immediately associated with the trial site 
such as public health or development organiza�ons, civil society organiza�ons, press and 
general public may be interested in the conduct and outcome of research and need to be 
informed about project goals and ac�vi�es.

Adequate plans for communica�on and engagement should be put in place before the earliest 
stages of field tes�ng. Community engagement and authoriza�on ac�vi�es will be necessary 
par�cularly in Phase 2 of the GMO tes�ng pathway and will expand in Phase 3. The need for 
public engagement ac�vi�es is likely to con�nue in Phase 4.
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Glossary of Terms 

Community engagement: prac�ces undertaken to inform stakeholders about the diseases and 
vectors of interest and goals of a proposed research study or interven�on trial, and to
understand their perspec�ves and reac�on.

Confinement: U�liza�on of measures that seek to prevent unplanned or uncontrolled release 
of organisms into the environment. This may involve physical confinement (some�mes termed 
“containment”) within a large cage that simulates the disease-endemic se�ng while
minimizing the possibility of escape and/or ecological confinement by geographic/spa�al 
and/or clima�c isola�on.

Endpoint: an event or outcome that can be measured objec�vely to determine whether the 
interven�on being studied has the desired effect.

Entomological inocula�on rate (EIR): a measure of the degree of infec�on risk that a human 
popula�on is exposed to for a par�cular disease, as determined by assessing the vector
mosquito popula�on. It is described by the frequency of infec�ous mosquito feeding upon a 
person within some unit of �me, such as per day or year.

Gene�cally modified mosquitoes (GM mosquitoes): Also called gene�cally engineered,
transgenic, or living modified mosquitoes that have heritable traits derived through use of 
recombinant DNA technology, which alter the strain, line, or colony in a manner usually 
intended to result in reduc�on of the transmission of mosquito-borne human diseases.

Living modified organism (LMO): Any living organism that possesses a novel combina�on of 
gene�c material obtained through the use of modern biotechnology; LMOs are considered to 
be synonymous with gene�cally modified organisms (GMOs)

Modern biotechnology: means the applica�on of:
 (i) In vitro nucleic acid techniques, including recombinant DNA and direct injec�on 
 of nucleic acid into cells or organelles, or

 (ii) Fusion of cells beyond the taxonomic family, that overcome natural and
 physiological, reproduc�ve or recombinant barriers, and that are not the
 techniques used in tradi�onal breeding and selec�on.

Pathogen: An organism that causes disease. For example, in dengue infec�on, the pathogen is 
a virus. In malaria infec�on, the pathogen is a unicellular parasite.

Popula�on replacement: Strategies that target vector competence with the intent to reduce 
the inherent ability of individual mosquitoes to transmit a given pathogen. 
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Popula�on suppression: Strategies that target vector “demography” with the intent to reduce 
(suppress) the size of the natural mosquito popula�on to the extent that it would not be able 
to sustain pathogen transmission.

Self-limi�ng: GM mosquito approaches where the gene�c modifica�on will not pass on
indefinitely through subsequent genera�ons.

Self-sustaining (also called self-propaga�ng): GM mosquito approaches where the heritable 
modifica�on is spread and maintained indefinitely through the target popula�on.

Wild: refers here to a colony of mosquitoes isolated recently from the target popula�on or a 
sample actually collected from natural popula�ons and used without coloniza�on. Such
colonies are gene�cally more similar to natural mosquitoes than highly inbred laboratory 
strains.
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Annex-I

INFORMATION REQUIRMENTS TOWARDS APPLYING FOR FIELD TRIALS/
ENVIRONMENTAL RELEASE OF A GENETICALLY MODIFIED MOSQUITO 

CHECKLIST OF INFORMATION TO BE SUBMITTED IN SUPPORT OF RISK ASSESSMENT

The below checklists are intended to provide useful reference to both applicants and risk 
assessors.  Decisions about what informa�on is required for any par�cular risk assessment will 
be made on a case by case basis.  Informa�on listed here may not be required in all cases, and 
informa�on not listed here may be required for a par�cular case if addi�onal informa�on 
needs are iden�fied.

1. Descrip�on of the GM mosquito

Informa�on provided                    YES     NO

Name of the GM mosquito
Common name of the mosquito

Scien�fic name of the mosquito
Descrip�on of the introduced trait 

Origin or source of the introduced genes

Unique Iden�fier (if applicable)

Intended Use (e.g., field trial/ release)

Purpose of the gene�c modifica�on

Life history parameters

Life stage to be released

Informa�on on specific laboratory line or colony of the GM mosquito

Pedigree map of the GM mosquito (providing informa�on about the 
number of genera�ons rearing colonies)

Geographical areas within Sri Lanka to which distribu�on is intended

History of use in control programmes

Methods to dis�nguish the modified mosquito from non-modified 
mosquito* (molecular, morphological or other methods)

Addi�onal Details, if imported

Source of GM Mosquitoes (Details of the ins�tu�on/agency and 
contact person)

Specifica�ons and quan�ty of imported material

Status of approval in country of origin

Status of trial/use in other countries, if any
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2. Descrip�on of the Non-Modified mosquito

Informa�on Provided                    YES     NO

Taxonomy
Phenotypic characteris�cs

Means and extent of dissemina�on 

Survivability

Reproduc�on (genera�on �me, mode of reproduc�on, 
sexual compa�bility etc.)

Natural habitat and range

*The original strain used for modifica�on

For any informa�on not included, please provide a ra�onale as to why the informa�on is not 
relevant or necessary for risk assessment of the GM mosquitoes, or what informa�on is being 
provided in its place.

3. Descrip�on of the Donor Organism

This informa�on should be provided for the donor of each transgene present in the GM
mosquito

Informa�on Provided                    YES     NO

Common name
Scien�fic name

Taxonomic classifica�on 

Size of the gene�c material 

Gene�c components from donor if present in any other GMO/LMO 
authorised field trials or release in Sri Lanka or other countries.

Size of the gene inserted into the recipient

Intended func�on of the gene(s) introduced in to the recipient. 

For any informa�on not included, please provide a ra�onale as to why the informa�on is not 
relevant or necessary for risk assessment of the GM mosquitoes, or what informa�on is being 
provided in its place.
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4. Descrip�on of the gene�c modifica�on

Informa�on provided                    YES     NO

Modifica�on method
Characterisa�on of the gene�c material

Details of modifica�ons
Summary diagram of the gene�c components 

For any informa�on not included, please provide a ra�onale as to why the informa�on is not 
relevant or necessary for risk assessment of the GM mosquitoes, or what informa�on is being 
provided in its place.

5. Molecular Characteriza�on of Transgene(s)

The following informa�on should be provided for each transgene in the GM mosquito

Informa�on provided                    YES     NO

Characteriza�on and descrip�on of the inserted gene�c material

Number of inser�on sites

Descrip�on of the organiza�on of the gene�c material at each
inser�on site

Iden�fica�on of open reading frames within the inserted DNA or
con�guous genome of mosquito

Sequence data of the inserted material and flanking regions

Gene product (e.g. protein or RNA)

Gene�c modifica�on

Phenotypic descrip�on of the new trait

The level and site of expression of the gene product in GM mosquitoes

Evidence suppor�ng the func�on of any modifica�ons to the amino
 acid sequence or post transla�onal modifica�on

Expressed substances

Func�on of the gene product

Evidence of stable inheritance

Confirma�on of intended effects
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For any informa�on not included, please provide a ra�onale as to why the informa�on is not 
relevant or necessary for risk assessment of the GM mosquitoes, or what informa�on is being 
provided in its place.

6. Phenotypic Characteris�cs of the GM mosquito

Informa�on provided                    YES     NO

Informa�on about phenotypic stability of the inserted trait

Ma�ng strategy

Flight ability

Oviposi�on rate

Ability to persist in the environment.

Response to detec�on survey tools, e.g., traps

Life history parameters (e.g. �ming and dura�on of reproduc�on, 
survivorship of each life stage, longevity etc.))

Response to specific bio�c and abio�c stresses rela�ve to responses 
of the unmodified mosquitoes.

Status of suscep�bility to labelled insec�cide(s) employed as a
risk management op�on or for control of the wild type mosquito.

For any informa�on not included, please provide a ra�onale as to why the informa�on is not 
relevant or necessary for risk assessment of the GM mosquitoes, or what informa�on is being 
provided in its place.
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Annex-I

7. Descrip�on of confined field/ release site

Informa�on provided                    YES     NO

Loca�on 
No. of sites

Proximity to popula�ons of the same species as the GM mosquito 
and closely related species.

Proximity to sensi�ve or protected ecological areas.

Protocols for surveillance for the presence of GM mosquitoes

Popula�on size

Spa�al distribu�on 

A map of the site, buffer zones, and relevant adjacent areas 
(Global Posi�oning System coordinates should be included)

Vectorial capacity 

Behavioural resistance 

Biochemical resistance 

For any informa�on not included, please provide a ra�onale as to why the informa�on is not 
relevant or necessary for risk assessment of the GM mosquitoes, or what informa�on is being 
provided in its place.
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Annex-I

8. Descrip�on of the confinement measures followed during field trials

Informa�on provided                    YES     NO

Physical confinement 
(includes details of physical security, access controls, personal 
protec�ve equipment, and other security measures.)

Biological confinement 
(biological confinement measures used and data should be provided 
demonstra�ng the efficacy of these measures, e.g., the efficacy of 
gene�c or irradia�on-induced sterility)

Geographic isola�on, if any 

9. Risk Management Plan

This risk management plan should consider and have procedural ac�ons for the following 
elements

10.  Any other informa�on s s�pulated by regulatory authori�es.

Informa�on provided                    YES     NO

Methods and procedures for controlling the GMO in case of unexpected 
spread or to “clean up the affected area”; this could include such as 
extended trapping, or the use of insec�cides. 

Plans for protec�ng human health and the environment in the case of 
an adverse event occurring

Methods for monitoring and detec�on

Please provide the descrip�on of the measures to be followed. 

Please provide the descrip�on of the measures to be followed. 
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