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Dear Colleagues, 
This is a
 
draft of a Module by 
MosqGuide
 project regarding data handling in GM mosquito trials. We would greatly value your input, especially in the following:
Does this cover the main points for selection of data requirements, handling of data and ongoing monitoring for GM mosquito release that you would want to see in a best practice document?
Are there topics or sections that require more, or could do with less information, given so much is not unique to GM mosquitoes?
Where could you provide additional examples from your own work to enhance understanding of the key points?
Please feel free to comment in the text with tracking, with stand alone comments, or by setting up a call with us. To this end, you may contact 
j.d.knight@imperial.ac.uk
 or 
m.quinlan@imperial.ac.uk
. You can also visit the project website, 
www.mosqguide.org.uk
 for updates on this and other modules.
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This Module is targeted at an audience of scientists and managers in public sector entities, including vector control programme managers, who are considering use of genetically modified (GM) mosquitoes.
The objective of this Module is to support good data collection and management processes when moving into field trials and control programmes. 
Module 4 parallels other MosqGuide modules dealing with specific aspects of GMM mosquito technology development, regulation and deployment. It covers many of the technical and regulatory areas detailed in other modules, but from the particular perspective of data collection and use. Links to other MosqGuide modules provide details and are flagged throughout this document.. A full list of these modules is provided below.
 (
Module 1: Overview of technology options, social and regulatory issues
Module 2: Technology research and production phase
Module 3: Pre-deployment country decisions
Module 4: Data handling and environmental monitoring
Module 5: Field survey on attitudes for alternative control methods
 
(in preparation 2011)
Module 6: Capacity building curricula from Modules 1-5
Module 7: Prototype issues/response model
)






Rationale
The information needed for commonly required regulatory and planning documents (on a national or regional level) such as import permits and EIAs are linked in this Module to the trials and studies which could provide the data.
International harmonisation for data requirements can support government decision making, ensuring that  key issues are taken into account in a transparent and evidence-based manner.
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	GPS
	Global Positioning System
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	Sterile Insect Technique
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	Standard Operating Procedure
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	Special Programme for Research and Training on Tropical Diseases [UNICEF, UNDP, World Bank and WHO]

	TIRRS
	Tsetse Intervention Recording and Reporting System

	USEPA
	US Environmental Protection Agency

	WHO
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MosqGuide Module 4: Data Handling and Environmental Monitoring
1. Introduction
MosqGuide is a WHO/TDR funded project to develop best practice guidance for deployment of genetically modified mosquitoes. This module provides a guide for data collection and management when moving from laboratory to field testing and eventual release for vector control programmes, aiming to provide practitioners and regulators with the necessary information to make key decisions. Guidance is provided for the identification of data requirements, for data management, and for ongoing monitoring of mosquito releases. It does not provide an exhaustive list of data requirements, as these will depend on the scope, context and stakeholders of each project.
Identifying Data Requirements
Many types of data could be collected during the testing and deployment of genetically modified (GM) organisms, and it is important that effort is not wasted collecting and processing unnecessary information. Similarly, it is vital that all pertinent data are collected and available at the appropriate stages; data reporting is crucial throughout both regulatory compliance and programme management. 
For data collection and management to be effective, careful problem formulation is needed. This is the systematic identification of important concerns, of methods to assess them, and of the data needed to make any decisions. When first stated, concerns surrounding any activity, plan or proposal will often be very broad: whether it is safe, ethical, effective or practical. For these to be addressed, each concern must be focused into a reasonable and testable hypothesis. Data requirements to test these hypotheses can then be devised.
While the details of problem formulation will vary case by case, a general scheme is presented here – following the structure laid out by US Environmental Protection Agency (USEPA) for risk assessments (USEPA 1998; Wolt et al. 2009). 
Problem context
· The first stage of problem formulation is definition of the context for any proposal for field testing or release of GM mosquitoes for vector-borne disease control. The background to the proposed research or deployment, the context will indicate likely hazards and benefits, set their boundaries, and cover: Scope and Scale: A full description of the proposal. A list of known activities and the people and organisations involved. The area covered by a proposal, and the length of time of each proposed intervention. Any existing protocols or standard operating procedures (SOPs). Information on the GM strain – genetic information in comparison to wild-type mosquitoes – and any the resulting characteristics of the strain, in particular whether it could be self-sustaining and if there are any competitive advantages if released, but also a description of the nature and objective of the modification (e.g. to shorten life span, confer sterility, etc of the vector or to alter infection or transmission of disease) and the point in the life cycle of the mosquito when this characteristic arises. The type of data required varies by the nature of the modification.
 
· Sterile:  ratio of sterile males to wild females during the release period
· Self Sustaining: the rate and extent of spread, the equilibrium density of the modified population
· Limited-generation sustaining: rate of decay of the modification, the rate and extent of spread and decline of the modified population. 

Greater detail is provided in another MosqGuide document (a supplement to Module 1; in draft 2011) on risk assessment.

· Problems and Alternatives: A description of the public health problems addressed by the proposal. Details of their current management; its success, costs and drawbacks. The present problem and management is part of the baseline against which risk and benefit would be assessed.
· Regulation: Competent authorities should exist to regulate any research or programmatic use of a novel technology. In most countries there is such a body specifically created to oversee use of GMOs. These national entities will often provide guidance for regulatory requirements, which are addressed in a dossier or set of documents which respond to the concerns laid out in the regulations. (See Appendix 1 for an example from Kenya’s regulating body.) Research methods may be prescribed. This guidance provides the framework for hazard assessment and the data needed.
· Stakeholder concerns: Many of the benefits and hazards of a proposal will be defined by the value judgements of stakeholders. Their reactions to a proposal should be canvassed, and become part of assessment and mitigation plans. Procedures for consultation on public health decisions, use of novel technologies, some of which may be specific to release of GMOs, are often laid out in regulatory guidance.  Sometimes statutory consultees are identified, as part of the decision and approval pathway or as part of a general societal context of consultation (e.g. required review by affected parties, review for particular age groups, ethnic minorities, etc).  In other instances, stakeholders have been actively sought beyond statutory requirements due to the novelty of the proposal (e.g. Murphy et al., 2010 for release of Wolbachia infected mosquitoes).
· Experience: Any pertinent outcomes from previous related projects. Outcomes and reasons for identified benefits and failures. These may include previous experience with the same strain, with other GM mosquitoes or other insect species – but also of projects unrelated to GM technology but with similar biological, research or logistical features.
Contextual data should be summarised briefly, provided in appropriate detail to experts and non-specialist stakeholders, and will be key to identifying and assessing risks and benefits. Identifying a concern need not mean that it is likely to occur – simply that it is worth consideration.
Identification of impacts and endpoints
To identify data needs, one has to decide if impacts during a trial or programme –either positive or negative  - are to be considered against the existing baseline, against a no action scenario (as in the US regulation for Environmental Impact Assessment), or against any other scenario such as alternative new technologies, ideal outcomes, etc. With each activity, there will be a management outcome and a risk outcome. Data on impacts must be presented in relation to the selected baselines
Once background information has been gathered, it can be used to identify the potential impacts of the proposed trial. These will be discrete concerns, each affecting something which is valuable for reasons of public health, economics, the environment or ethics.  A complete list of such potential impacts should be identified in consultation with experts and stakeholders, a process explored in detail by MosqGuide Module 5 (in preparation 2011). 
For impacts to be tracked, one or more endpoints must be set for each. These are measurable indices or proxies for the impact of concern – with stakeholders agreeing on the degree of change in the endpoint values that will be considered valid representations of the impact. Without a quantifiable endpoint, data collection and analysis will be unfocused and unproductive.
Thresholds should be identified at the same time as the endpoints; the value of the index or proxy which represents a significant impact. Impacts are considered to have happened once such a threshold is reached. Thresholds should take account of any uncertainty in the estimation of the endpoint.
	Impact Type
	Example Impact
	Example Endpoints
	Example Thresholds

	Public Health
	
Strain vectors some diseases more/less competently
	· Vector population size and disease incidence value for the target disease
· Proportion of infected female mosquitoes in traps
	· Statistically significant increase or decrease in infection rates

	Entomological
	For suppression, lower  vector population
For replacement, higher proportion of modified mosquito strain
	· Fewer trapped individuals

· Higher number of modified mosquitoes caught in traps 
	· Catch no more than target number of individuals over a set period of time in a predetermined area with a given trapping effort

	Environmental
	Changes in biodiversity
	· Abundance of beneficial species
· Species diversity index
	·  >5% change in species index
· Significant change in abundance of 10 species

	Economic
	Changes to pest control spending
	· Reduction in spending on existing pest control methods
	· Loss of viability for 10% of pest control businesses

	Table 1. Examples of Impacts and Endpoints


The table below provides a few examples of impacts, their possible endpoints and thresholds. A comprehensive list cannot be provided here, as it will vary substantially between proposals. More impacts, and methods for deriving them, can be found in published impact assessment guidance and documents (Benedict et al. 2010; Murphy et al. 2010; Capurro et al. 2010; GMAC, 2010).
Clear descriptions and possibly justifications of endpoints and thresholds should be reported to stakeholders. They are the focus of further data collection, which should be sufficient to establish whether thresholds have been passed.
Estimating likelihood
Once endpoints have been agreed upon and thresholds quantified, the likelihood of a significant impact can be examined. To do this, the chain of events by which the proposed actions might cause each impact needs to be described; forming a conceptual model. Expert or informed opinion will be needed to plot this chain of events – with reference again to the contextual information described above.
The likelihood of each step in the chain can then be estimated, again through informed opinion. Key steps in this chain of events can be identified in terms of a sensitivity analysis. Mitigation measures available can be analysed in this context, and focused on the events that are most influential in terms of altering likelihood of a hazard, before considering less important steps that may be easier to control.
The likelihood – and surrounding uncertainty – of impacts occurring should be reported to stakeholders.
Assessment of Impacts
Risk is about likelihood and magnitude of negative impacts.  After identifying impacts, data should be collected to establish the likelihood and magnitude of that impact, and also some measure of confidence in that estimate.  Both the value and the confidence should have some documented basis to confirm them.
Estimating likelihood can be time-consuming and expensive – for the organisation putting forward the proposal, for regulators, and also for stakeholders. This burden should be kept as small as possible.  It is not always possible to collect empirical data and it may be more practical in many cases to use subjective evidence based on expert opinion; this needs to be rigorously documented.  Risk assessments for invasive species provide an example of a process for dealing with expert judgements on a scored system (Mumford et al, 2010), which might be relevant to many GM risk assessments.
Staged assessment of impacts is the best way to do this, without biasing impact assessment. An initial assessment may show some proposals to be unacceptable and others unlikely to be problematic. Early assessments should be conservative in their treatment of risk, and should be designed so that risks will not be incorrectly assessed as negligible. Data can be less detailed at this stage, as long as all options are assessed at a similar level of detail and all risks are identified. Surveys may have fewer data points or less ground-truthing, or alternatively benefits transfer could be used (extrapolation from work in other locations). The result of this screening is a shortlist of impacts and feasible options for full comparison.
This is also a good time to adjust priority options. It should be possible to address some of the risks identified in screening, improving the options presented.



 (
Case Study
Risk Assessment for release of 
Wolbachia-
infected 
Aedes aegypti 
in Australia
(
Murphy 
et al.,
 2010)
Conducted before the trial release of mosquitoes into the NE Australian during the wet season, the risk assessment concentrated on potential hazards.
Problem context
The study provided a clear and full description of the biology of both host and symbiont. There was also an investigation of Australian regulatory requirements for the release, use of the competent authority’s risk assessment framework, and clarification of the legal status of, and requirements for, a release. The information was provided to non-expert participants, and also to the competent authority and general public through the risk assessment document.
Identification of impacts, endpoints and pathways
A list of impacts and endpoints was identified in a brief meeting of programme staff, through community engagement, and by a technical advisory group – with structured exercises to draw out knowledge and ideas, along the model set out by 
Hayes 
et al.
 
(
2007)
. Such consultation methods are explored in detail by 
MosqGuide Module 5
 (in preparation 2011)
.
 General categories of hazard were first identified (‘hazard themes’), with examples including economic losses, logistic flaws, difficulties in regulatory compliance and adverse changes in social behaviour. Fifty-two potential hazards were identified within these categories, and appropriate endpoints and thresholds agreed.
The likelihood of each was investigated through Fault Tree Analysis; a logic-based causal model. 
Each hazard category is assessed through a separate
 
‘
tree
’, with
 
t
he series of 
events
 that 
must occur
 
for a threshold to be crossed
 
put in order, and
 linked by
 
AND/OR
 logic gates; this allows
 a tree to graphically describe where sequential or parallel series of hazard failures are required
 for a significant hazard to occur
. 
An example is provided below, investigating the possibility of adverse social impacts. Here, several steps are themselves hazards: should any of them occur, it registers as an impact. 
)




2. Data Sources
Data can be gathered from each stage of a research project, from each past deployment of the strain. It is the accumulation of evidence over time that allows choices to be made effectively.
Laboratory Work
Laboratory studies provide information on the genetic modification - its source, structure, diversity and stability – as well as measuring the strength of any non-Mendelian segregation. They are also the basis of phenotypic studies, assessing the characteristics of modified mosquitoes over generations. Strains are usually maintained as laboratory colonies, providing the longest available datasets. The phenotypic and transgene stability when the LMM is crossed to wild representative mosquitoes can also be assessed.
 (
Figure 1
: Example Fault Tree
The likelihood of each such chain was then calculated. A small group of mosquito experts and stakeholders was brought together, provided all relevant contextual information, and asked to estimate the probability of each step. These estimates were checked through emails to a technical advisory group, and this set of Bayesian prior probabilities passed through to a further workshop on risk mitigation. Disagreement about probabilities was assessed through variation analysis – with the range and averages of each risk presented to the workshop.
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Safety and efficacy studies can be conducted at this stage. Safety studies might include testing the insecticide resistance of the strain, or toxicity to predators. Efficacy studies should take into account the life tables of modified insects, their mating competitiveness and compatibility with locally derived strains of the same species or sexually compatible species.
Confined Trials
Confined trials provide additional information on the relative fitness and mating success of modified strains, in semi-natural circumstances and in competition with wild-type mosquitoes. The rate of introgression can be estimated at this stage, and the stability of the modification tested outside of the laboratory. Simulated suppression trials could also be conducted, where a stable population of mosquitoes is established in the confined trial (if physically confined) and population suppression strategies can be tested against the established mosquito population. 
Field Trials and Pilot Programmes
Field releases offer further opportunities to observe strains and develop and improve  rearing and release protocols. Overflooding ratios in natural conditions can be estimated, and the rate of introgression estimated more accurately.  For self-sustaining traits the speed at which modifications spread across the landscape and through the resident population can be tracked. The suitability of strains for the trial environment can be conclusively established.
SOPs and operational protocols can be examined and improved at this point, with release and monitoring methods improved. Similarly, the logistical practicalities of deployment can be assessed and provisioning improved. Local and political concerns about releases can be assessed, and mitigated where possible.
Deployment and Maintenance
Data gathered during deployment is needed to direct releases and calibrate monitoring efforts. Detailed information on the introgression, efficacy and environmental safety of modifications can be gathered – experience from past deployments may be used to demonstrate these to funders and regulators.
Linking Sources to Uses
It is important that data collection is explicitly linked to its eventual uses. The schematic below (Figure 2, adapted from Knight et al, 2010) outlines the data needed at each stage of regulatory compliance and programme management and its most likely sources.
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Figure 2.

3. Basics of Data Management
Data management is a key part of any project. Done well, it can improve decision-making throughout, making a project more efficient and effective and reducing risks. General practical and theoretical principles for data management are presented here.
Responsibility and Staffing
Data management is an important task, without which experiments and monitoring are worthless. It is vital that there is a clear line of responsibility for data collection and management, with specific staff responsible at each stage. This may involve dedicating staff to data collection and entry; for example sending teams to check and refresh mosquito traps, with one person taking readings exclusively.
A staff member should be designated as data manager, to oversee the collection and use of data. It is important that one person has an overview of which data must be collected at each stage of a project, is responsible for data storage and for compiling reports on the progress of experiments or releases.
Oversight may require separate review of data management. An independent reviewer may be appointed alongside the data manager. This person’s function is to audit…(describe more fully what they would do.)
Data Collection
Planning of collection should make data entry as simple and intuitive as possible, providing both clear instructions and the time and resources to meet them.
Equipment
Some parts of data collection can be automated. Readings can be taken from, or by electronic equipment – most notably weather stations. This often reduces the time needed to take readings, and the scope for human error in data entry. Where possible, automated readings should feed automatically into electronic datasets; with Global Positioning System (GPS) locations entered directly into data entry forms, for example.
Automatic data collection raises the possibility of programming or hardware errors. All equipment must be calibrated and validated regularly, for example by examining sample  readings.
Standard Forms
Data collection forms should be standardised, with dataset collected on identical forms. Standard forms will prompt researchers to collect all necessary data: errors in data entry are less common where forms are familiar and designed for the task. To avoid confusion, paper and computer forms should hold the same content, in the same order.
Ideally, forms will be designed so that:
· Data are entered in an intuitive order.
· Columns and rows are easily followed, for example by outlines or banded shading.
· Spaces are sized similar to the expected data entry.
· There is clear separation between data classes whose readings may appear similar.
There are few or no values of explanatory variables on each sheet; separate sheets should be used for different experiments, locations, times and the like.
Treatment of negative readings may need particular attention, during both data collection and entry. There must be a clear protocol for recording negative readings and for distinguishing them from absent data.
Collecting Subjective Data
Categorical variables can require subjective decisions: for example between small/medium/high readings or different habitat categories. Where this is true, efforts should be made to standardise readings: score classes must be defined clearly, with examples if possible. SOPs should be laid out for decisions, with data collectors trained and tested in accordance. Such data should be collected by as few people as possible, to minimise differences in judgement. Readings could be proofed by comparing the decisions of different data collectors, or of one collector on different occasions, in response to the same item.
Data Storage
Databases
Databases are organised collections of data. The paper or electronic files on which data are collected will cover only specific readings – and will be designed for data entry rather than analysis. When merged into databases, data can be more readily analysed.
All data should be stored centrally, using some form of database management software. Microsoft Excel® is commonly used, as it is both flexible and widely understood – such spreadsheets will suffice in many cases. For more complex databases, relational databases and Structured Query Language (SQL) systems such as Microsoft Access®, SQL server®, Oracle®, or MYSQL® are tailored to allow users to sort, query and present data. Such databases can be customised to accept and report particular sets of data. The Tsetse Intervention Recording and Reporting System (TIRRS) available for tsetse surveys (Leak et al. 2008) is a case in point, designed in Microsoft Access® to provide standardised data-entry forms, reports and data tables specific to the requirements of tsetse surveys. Considerable care should be given to protecting the content of existing data as it can easily be corrupted by inadvertent over-writing, especially in Excel spreadsheets.
Data should be entered as soon as possible after they are collected. Paper records should be transcribed, and computer files combined into the broader database. Process management software can help with the latter, automatically moving data from emails, GPS devices and other files into a central database, but it is often expensive and may not be feasible for smaller projects. 
For especially valuable information, double entry may be worthwhile; the entry of each datum by two separate methods, and the query and checking of any inconsistencies. This often means entry both manually and automatically, or by separate staff.
Metadata
Metadata may include information on:
· Responsibility: Who collected the data? Who transcribed it? Who reviewed it? And who is responsible for managing it?
· Protocol: How were the data collected? How was the experiment or monitoring structured?
· Reason: Why were data collected? How will they be used?
· Links: What other information or data are relevant? Where are they stored and backed-up?
· Miscellaneous: Was there anything unexpected about the data or their collection?
Stored within or alongside databases, metadata provide the context to data; the circumstances of its collection and storage. Metadata can be used to check and clean data – should data entered on one specific computer prove flawed, for example – or to adapt it for unforeseen analyses. 
Data managers should identify which metadata might be relevant to a study, and ensure that they are recorded by researchers and any other staff entering data.
Database Quality Control and Cleaning
Errors will appear in most databases. Care in data entry will reduce their significance – and is the most efficient means of reducing error – but quality control and cleaning of databases will also be needed. It is estimated (Redman, 2001) that 1-5% of data entries are incorrect in databases of field readings.
Database cleaning is the scrutiny of existing databases for inconsistencies, and their improvement by removing or correcting flawed data. The process first requires the definition of errors, with all potential errors identified (Maletic and Marcus, 2000). Search algorithms to discover such errors can then be constructed – through comparison between databases and scrutiny of contradictions, logical tests to detect impossible entries, or statistical identification of improbable entries. Databases may then be cleaned – either by deleting suspect entries (‘strict’ cleaning) or attempting to correct them (‘fuzzy’ cleaning).
Any statistical process will likely identify some correct entries as errors, and the relative consequences of Type 1 and 2 errors should be considered before databases are altered on the basis of statistical tests (Rahm and Hong, 2000). Records should be kept of all errors and corrections that have been made (Maletic and Marcus, ibid.). A copy of the original database should always be kept for potential reference and sensitivity testing – and for back-up if it is decided that cleaning introduced unacceptable errors (Chapman, 2005).
Frequent and important errors should be identified, and protocols developed to avoid them (Chapman, ibid.).
Data Storage (Back-up)
Computer failure is always possible and may result in file corruption or accidental deletion of data. The chance of this may be reduced by effective anti-viral software, and by hardware suited to the local climate. To reduce this hazard, frequent backing-up is essential.
Backing-up is the duplication and storage in multiple locations of all data. Databases should be regularly copied and moved to separate hard-drives – this is not time-consuming, and can be done e.g. at the end of each working day. Software and licences should also be backed-up.
The original data entry forms – in paper or electronic form – should also be stored for future reference. Their locations should be attached as metadata to any databases they inform. This allows the original data to be checked, should problems be suspected in the database. 
Often there are regulatory requirements to store data for a given time. As an example, the European Regulation 1946/2003 on transboundary movement of genetically modified organisms (GMOs) requires data storage for five years.
Data Use and Statistics
Myriad statistics can be calculated from any dataset. To avoid confusion and wasted effort, they should be carefully chosen according to the following principles, adapted from the UK government’s statistical code of practice (UK Statistics Authority, 2009).  Terms for expressing risk outcomes and uncertainty should be systematically defined and adhered to (IPCC 2005).
Quality
· Calculations should be made based on sound statistical practice.
· Quality assurance procedures should be adopted, and should include the consideration of each statistical product against users’ requirements, and of their coherence with other statistical products.
· Quality guidelines should be published, and staff should be suitably trained in quality management.
· Staff must have the time and skills to produce statistics asked of them.
· Terms referring to statistical outcomes and uncertainty must be clearly defined, so that they are used consistently.
· Statistical procedures should be reviewed regularly.
Accountability
· Where possible, stakeholders should be consulted on which statistics are produced.
· Statistics must be published in user-friendly formats and should be understandable and readily available.
· Methods of data collection and analysis should be published. Users should be informed of statistics’ quality, including error estimates.
· Any errors should be corrected quickly, and stakeholders informed.
· Stakeholder complaints on statistics must be addressed.
· Statistics should be comparable: common standards, units, frames and classifications should be used wherever possible.
Timeliness
· A schedule for statistical releases should be available, with statistics released regularly and in an orderly manner.
· Statistical reports should be made in advance of any statements or comments about the statistics.
· Statistical analysis should be decided before data collection. Any changes to procedure should be announced in advance of publication.
· Where statistics are provisional, a schedule for revision should be published alongside them.
Impartiality
· Those producing statistical reports must be protected from any political pressure.
· Controls and checks must be in place to ensure statistics are not produced for personal gain.
· Statutory obligations on data collection, confidentiality and use must be followed.


4. Entomological Data

Entomological data will be required for most decisions related to GM mosquitoes. A description of the modified organism in comparison to unmodified populations is required to judge its likely success in preventing disease and the likelihood of environmental or ethical hazards. Details will be needed of both the characteristics of the GM mosquitoes, and the genetic modifications which instilled them.
Such data are painstaking and expensive to collect. Their collection will require first laboratory research to detect physical and genetic traits, and later contained, confined and field trials to discover the population-level impacts of modification. For well-studied and previously released strains, much of the necessary laboratory and contained trial data may already exist. Otherwise, data from each stage must satisfy competent authorities and programme management that continued research is worthwhile and safe.
A distinction is needed between raw data and useful indices. Programme decisions will generally rest on traits – such as the relative vigour of GM individuals, their vector capacity or toxicity – which cannot be directly measured during research. Instead, indices need be derived which demonstrate these traits: for example, the life tables or mating competitiveness of modified individuals. Experiments must collect the raw data needed to calculate these indices.
Entomological data requirements will fall into the following categories:
Information on the recipient organism
It is useful to compare the genetically modified organism with an unmodified comparator (recipient strain or organism). The choice of comparator is a critical choice and as yet largely undefined for GM mosquitoes; however the unmodified laboratory strain is usually the comparator used to date. The following list describes information requested on the recipient strain, common to the documents described above. 
· The scientific and common names of the species.
· Background information on the mosquito strain, such as reproductive characteristics, centres of origin, lifecycle, behaviour, mobility, habitat range, host range, interactions with other species, alien or indigenous to the country containing the receiving environment, contribution to ecological services, and any long term survival structures.
· Country of origin of the mosquito strain.
· Current control methods for the mosquito.

Information relating to the genetic modification
· Method of transformation, including details of vectors if used.
· Transformation event codes.
· Details of the genetic construct inserted with detailed map and list of genetic elements, including donor organisms, used describing the nature and function, with citations where applicable.
· Stability of the genetic modification, including genetic and phenotypic stability including factors that may influence penetrance of the trait or strain breakdown, including transposon mobility potential.
· Molecular characterisation including data determining complete or partial copies of coding regions, copy number, zygosity, Mendelian or non-Mendelian inheritance patterns.
· Tissue and level of gene expression, and the pathway by which phenotypic effects appear, if known. 
· Sensitivity, robustness and reliability of methods to distinguish the transgenic mosquito from the unmodified strain.
· Analytical methods, quality control procedures used to generate data should be described as for peer reviewed publication, or by reference to citation(s) in the scientific literature. 
Information on the genetically modified mosquito 
(usually in comparison with the unmodified comparator)
· Life history parameters including reproduction, days to sexual maturity, timing and survivorship at each life stage, longevity, fecundity.
· Dispersal or mobility.
· Oviposition behaviour.
· Vector competence.
· Behaviour.
· Mating competitiveness.
· Ability to mate with and transfer the transgene toother closely related species (vertical gene flow).
· Ability to persist in the environment.
· Fitness.
· Response to biotic and abiotic stress.
· Potential for horizontal gene flow and/or transposon mobility.
· Susceptibility to insecticides currently used in control programmes.
· Results of previous semi-contained or open field releases with the genetically modified strains.
5. Regulation and Data

Genetically modified mosquitoes are regulated under specific legislation regarding genetically modified organisms, much of which is in place in many countries, but may need specific tailoring to GM insects.  Many of the information requirements that are already in place will be broadly similar for GM insects as they are for other GM organisms and consequently some of the data requirements will be known, but others will have to be determined at the time of application in discussion with regulators and could be specific to the receiving environment of the country. Additionally there are several Guidance documents that have been published recently regarding data requirements for risk assessment of GM insects – these are listed below and described in section 4.1 of MosqGuide Module 3. As more countries progress with national decisions on GM mosquitoes, further documents are anticipated.
Best practice would be a common framework of assessment that allows a common data set to be developed that could be used in a wide range of jurisdictions.  There is precedence for this with the North American Plant Protection Organisation (NAPPO) which developed a common standard, NAPPO RSPM 27 (NAPPO, 2007) for the import and confined field assessment of GM arthropods for implementation in the NAPPO member countries of Canada, Mexico and USA.  Additionally the European Food Standards Agency (EFSA) has recently contracted a review to define the environmental risk assessment criteria for genetically modified insects in the EU  (Benedict et al., 2010).
On an international level the Cartagena Protocol on Biosafety has convened an Ad Hoc Technical Expert Group (AHTEG) on Risk Assessment and Risk Management, who have developed a road map for risk assessment of living modified organisms. A sub-working group was initiated to draft guidance specifically on living modified mosquitoes. The document was approved at the COP-MOP meeting in Nagoya, Japan in November 2010 and is available on the Biosafety Clearing House web site (AHTEG, 2010).
Recent open field trials of a self-limiting genetically modified Aedes aegypti in Grand Cayman, Cayman Islands, Malaysia and Brazil have been approved by regulators and provide examples of data requirements for open field release. Examples of the risk assessment performed in these cases are available in the public domain (GMAC, 2010)  Similarly, data required by regulators for the performance of semi-field or cage studies of a self-limiting trait in Aedes aegytpi is also available from Mexico. 
While regulation will vary between countries, concerns will be similar, and certain documents are required by the competent authorities of many countries. Detailed in MosqGuide Module 3, these commonly include:
Biosafety Assessments
Biosafety assessments are often conducted where GM organisms are moved to new locations, or employed in different capacities – notably during the permit process for import, transfer and trials. Facilities and research programmes should conduct internal biosafety assessments – these may be reviewed and supplemented by competent authorities.
Import and transfer permits
Control of the import of organisms is an important part of biosafety – especially in countries with less developed infrastructure. As such, they are the only documents required of all Cartagena signatories – and by many non-signatories. Transport of organisms carries risks of accident and escape, not found in contained laboratories (Benedict et al., 2008) – permits may thus be needed for internal shipment.
Aside from entomological and genetic data, data requirements for such permits will concentrate on administrative information and details of transport and containment. Entomological data need not be highly detailed at this stage – concentrating on traits such as high fitness or non-Mendelian drive which might lead to uncontrollable escape, or on traits which could damage human health, such as increased toxicity or vector competence. An example data submission for an import permit is provided in MosqGuide Module 2.
While permits should be granted on a case by case basis, the process can be streamlined once permission has been granted for import of a given strain. Further import or transfer permits will require fewer data characterising the modified organism, unless new information increases the risks associated with shipment. Data on the receiving facility and intended use will still be required.
Permits for Contained/Confined Trials
Brief summary to go here. Appendix 1 includes a datasheet in Spanish for caged trials being carried out in Mexico.
Similar data are needed for permissions to conduct contained trials: again, preventing escape of modified mosquitoes is the mainstay of environmental risk management. Structures and protocols to minimise the potential for escape must be described in detail, with ongoing monitoring and inspection by the competent authority expected.
Environmental Assessments
The environmental impacts of research or deployment of GM mosquitoes should be examined before plans or proposals are approved. Such assessments are variously called environmental impact assessments (EIA) or statements (EIS), or environmental risk assessments (ERA). They should identify potential hazards, their likelihood and importance to stakeholders – in increasing detail as plans become more complex. The methods of problem formulation described above should be applied to environmental assessments if this process is to be rigorous. 
Environmental assessments will require detailed entomological data, as well as data on the receiving environment and alternative control options.

Ethics Reviews
Ethical concerns will vary between countries, but generally cover the welfare of staff, of any people within a release area, and of others who might be accidentally affected (through accidental release or mistakes in estimation of impacts). The social distribution of impacts is important. The welfare of animals on which GM mosquitoes feed is often considered. 
In general, people ought not be exposed to unnecessary risks, nor put at risk at all if they will not benefit from the programme.
Separate reviews may be needed at various stages of a programme – often, as with biosafety reviews, before new activities are started or facilities used. Internal ethics reviews should be conducted, with review by a competent authority.
Data for ethics reviews will include the information on welfare and ethical use, and on consultation and permission, presented below. Information on containment and environmental effects is also likely to be relevant.
Data Categories for Regulation
The entomological data described above are relevant throughout this process, with common additional requirements summarised below. Again, these lists are not meant to be exhaustive – instead illustrating data that has been required either in regulatory guidance documents or from applicants to date. Data requirements vary case by case, often depending on the receiving environment.
Some of the data described can be required at any stage of the project from an import permit to a large scale field release and potentially for running a Sterile Insect Technique (SIT) programme, where this is regulated. 
Administrative information:
· Name, address and affiliation of the applicant and if appropriate, importer and exporter.
· Country in which modification has been conducted.
· The life stage to be transported.
· Quantity being transported.
· Packaging and handling procedures.
· Evidence that potential disease vectors are not infectious.

Information on containment:
· Details of physical containment; the number and specifications of containment layers, their material, dimensions and lay-out.
· Protocols for the maintenance and repair of physical containment.
· Protocols for managing movement across the containment; by staff, equipment, feed and waste.
· Structures and protocols for containment during transport.
· Likelihood of persistence in the environment.
· Emergency response plan in the event of unanticipated release.
Information on welfare and ethical use:
· Details of protocols for staff protection and related training.
· Details of distributional impacts: whether those put at risk are also likely to benefit, and whether either benefits or risks are evenly distributed between different socio-demographic groups.
· Details of any animal use and protocols for their treatment, especially of mammals and birds.
· Consultation and permission information (see below).
· Emergency response plans in case of welfare hazards.
Information relating to the receiving environment and release characteristics: 
· Detailed description of the receiving environment, including maps, GPS co-ordinates, distances from environmentally sensitive and/or protected areas, water courses, climate, potential for natural disasters (hurricanes, mudslides, flood, etc.), land use (agriculture, natural vegetation, etc.), industries, population density and ethnicity, presence of indigenous peoples.
· Description of non-target organisms, including predators and prey, closely related or aboriginal populations of mosquito and threatened and endangered species including seasonal distribution patterns.
· Description of buffer zones, if utilised.
· Factors affecting dispersal.
· Likelihood of persistence in the environment.
· Protocols for release, including transport to /from release sites.
· Protocols for monitoring the GM mosquito in the receiving environment, including response to trapping methods, reliability, robustness and sensitivity of trapping and detection methods.
· Methodology for disposal of wastes, including transgenic insects, when used in a limited trial situation (i.e. not in programmatic use).
· Emergency response plan in the event of unanticipated release. 


Record keeping and other aspects:
Information that will be required will be determined on a case by case basis, it is important to document and keep records of such aspects:
· Identification, packaging and segregation measures.
· Cleaning of equipment.
· Training of staff in protocols and procedures.
· Post release monitoring and surveillance.
· Data generated from the trial, including raw data files.
Information relating to current control methods:
Alternative control methods may carry substantial risks to human and environmental health, as well as causing public and commercial inconvenience – risks which should be examined alongside those of GM control options. The following data are relevant:
· Details of protocols and SOPs for pesticide use:
· Locations, methods, volumes and schedule of application
· Short-term and long-term storage of compounds
· Disposal of unused compounds
· Protective training, clothing and actions for staff
· Measures to prevent public exposure to active ingredients.
· The toxicity to humans of each active ingredient, and the prospects for treatment: data are available from Extoxnet (2011).
· The environmental toxicities of each active ingredient: data are available from Extoxnet.
· The presence and distribution of any protected species or sites within the programme area.
· Which people, industries and organisations could be/are affected, and how.
Where a cost benefit analysis is conducted, environmental hazards may be monetised through benefits transfer, using the publicly available Pesticide Environmental Accounting software (Leach and Mumford, 2008).
Baseline data
Baseline data prior to the start of field release/ programmatic use is an essential component of determining baseline mosquito populations and adjusting release ratios during the course of a trial or programme and for determining any effect of releasing the GMM.
Information regarding Consultation and Permission
In each country, designated authorities will be responsible for ethics, biosafety and environmental assessments. These authorities will need to decide whether assessments are necessary, and whether they are sufficient. All such permissions and instructions must be provided and stored in writing – including decisions that assessments are not needed.
Many countries will also require public consultation as part of an EIA. Consultation structure will depend on the country, but in all cases data will need to be provided in sufficient but not excessive detail for non-specialists to understand the issue. Focus groups and pilot studies may be needed to ensure that members of the public understand the information provided.
Consultation methods may need to be tailored to suit the complexity of the issue at hand. Larger issues may be broken down into digestible sections, as people’s decisions will be compromised when confronted with too much information. Where consultees must face large amounts of new data, surveys will be less suitable than focus groups, open meetings or formal interview.
Consultation requirements commonly include public meetings, surveys and press reports – a process covered in detail in MosqGuide Module 5. As proof that consultation is adequate, the following data should be recorded:
· The location, timing and numbers attending any public meetings and, in many cases, contact details for participants.
· Copies of any information sheets provided.
· A brief summary of any public meetings, noting the views of participants.
· The text of any surveys, each person’s responses and relevant demographic details.
· Text of any press releases, clips or stills of television coverage.

6. Data for Programme Use

Alongside regulatory drivers, programmes will require data for management decisions. First of these decisions is to move from testing, often in confined trials, to a pilot field trial and eventually, if successful, to a full scale deployment and maintenance programme.  Ongoing monitoring of releases is covered in the following section.

AWAITING INPUT FROM TDR/FNIH REPORT ON INDICATORS TO MOVE FROM CONFINED TO FIELD
Financial Assessment
Financial limits can result in a programme being reduced or halted, especially where it overruns its expected budget. Financial risks should thus be assessed alongside others, with accountancy a key part of any programme assessment. Such assessments thus evaluate whether a programme could work in practice, given funding constraints.
Cost data should include:
· Equipment budgets, broken down by activity.
· Staff numbers and wages for each post.
· Utility costs, including waste disposal.
· Expected insurance costs.
· The expected residual value of equipment, facilities and land at the end of the programme.
· Regulatory risk in terms of time to deployment, as delays may have a large impact on the overall cost calculations.

Costs will change over time. Capital investment is likely to be greatest at the start of a project and whenever its scope expands, with facility refurbishment being a cost that recurs at regular intervals. Operational costs may decline as control is achieved. To reflect this, costs should be broken down by year – or by season if costs are expected to fluctuate seasonally. Flexibility to delay, bring forward or reduce costs should also be noted.
Cost predictions are usually optimistically low, and an optimism bias may be applied as correction. This is an assumption that costs will be a given multiple of the prediction.
Inflation of goods and wage costs may be significant, and where large costs are expected later in the programme it may be worth testing their sensitivity to inflation.
Data on funding should include:
· Total funding availability, broken down by year.
· Expected funding sources, and their reliability. Section 2.2 of Module 3 lists likely funding sources.
· Any restrictions on use of funding.
· Interest  and exchange rate predictions, if any funds are to be saved for later use or will be received in foreign currencies.

In combination, these should allow points of greater financial risk to be identified. Examples could include the refurbishment of a facility, shortly after a grant expires. Financial plans must be made to meet identified shortfalls.
Site Selection
Site selection will rest on many practical concerns; its environment, land use, human and mosquito population, and any logistical issues will all determine whether sites are suitable, as will political and zoning concerns. This information will inform site selection, support the development of programme options, and provide baseline data for the eventual programme. Details will depend on the requirements of the release, but will generally cover:
· The area of the site – with maps detailing its boundaries.
· Logistical information:
· Extent, quality, frequency of use and reliability of transport links
· Availability of laboratory or research facilities
· Availability of labour: of skilled or trainable staff
· Availability of companies or organisations able to supply equipment or other needs.
· Details of the terrain:
· Distribution of mosquito habitat
· Existence of natural barriers to mosquito spread.
· People:
· Population density and distribution
· Disease incidence
· Land uses – notably the distribution of urban, farmed and unfarmed land and protected sites
· Economics – significant industries and any economic concerns affected.
· Climate – notably temperature, humidity and seasonal variation.
· Vector population:
· Mosquito densities and distribution – noting areas of inadequate control
· Seasonal variations
· Any expected year-on-year changes
· Details on insecticide resistance: degree and distribution of resistance to different classes of active ingredient; expected change over time.

7. Ongoing Programme Monitoring
Programme monitoring is vital, and will comprise much of the effort and cost of any release programme. It addresses a range of needs, notably:
· Monitoring whether the scale and pattern of releases is sufficient and sustainable.
· Allowing programme managers to target and adjust releases.
· Examining the effectiveness and application of protocols.
· Ensuring that environmental, human health and social effects are in accordance with the risk assessment.
· Meeting regulatory and reporting requirements.
· Measuring and confirming the target effects of the release.

All projects will need to be adjusted during their conduct in some way, and monitoring is a necessary part of adapting a release to ‘real world’ constraints and impacts. This section outlines the practical concerns which need to be addressed by a monitoring protocol.
Setting Objectives
Monitoring schemes must be designed to meet particular objectives, or they will collect data inefficiently and incompletely. Core programme objectives and their data requirements will vary, but will in almost all cases include:
· Determination of mosquito presence or absence through, for example, egg traps, and adult surveys. 
· Estimation of mosquito population: through adult and pupal surveys calibrated by mark-release-recapture calculations.
· Estimation of effective overflooding ratios: from mosquito egg, juvenile and adult surveys.
· Detection of hot-spots: from the proportion of eggs, juveniles or adults displaying introduced traits. 

The precise requirements for vector data will vary from project to project but the procedures required for reliable and efficient data collection will be very similar.
Disease incidence in humans may also need to be tracked, as will important external effects: environmental and social impacts and the wider economic effects of the release may also need to be considered. The aim of a monitoring scheme is to measure and contribute to each objective of the release programme, without collection of unnecessary information.

Practicalities – Methods, Timing Equipment and Staffing
Baseline and Background Information
Data collection needs to begin before releases both for recording the baseline position and for selecting the best possible release sites and may be based on:
· Existing knowledge of mosquito and disease distribution, spatially and seasonally.
· The complexity of the human population – the number of properties and difficulty of gaining access; disease incidence. 
· Isolation – the potential for escape or immigration of mosquitoes.
· Environmental data – protected areas and species.
· Logistical difficulties – the reliability of utilities and transport, availability of staff and facilities.

Sites may be given priority depending on how detailed existing data are – collection of baseline data can be time-consuming and expensive. Where studies are designed to measure the epidemiological or entomological impact of released insects, a good set of baseline data covering at least one seasonal cycle (if appropriate) is needed. Where releases are aimed at mosquito control, these data are useful to target releases – to achieve overflooding ratios, releases should start when mosquito populations are at their lowest and be greatest in areas where populations are highest.
For container-breeding mosquitoes, larval survey information is often collected as part of existing control methods. Systematic adult surveys are sometimes available, usually from aspirator surveys (see below). Such surveys can provide information on whether and how often mosquito populations are sufficient to support endemic disease, on the rate at which they rebound from control and how the distribution of such high mosquito production foci  changes with the seasons.
Mosquito populations can also be estimated from disease incidence or even human population density – they correlate positively with both. Initial releases can be roughly calibrated on the basis of these estimates. Nonetheless, direct monitoring of mosquitoes will be the central plank of any programme.
Once selected, sites will need to be comprehensively mapped – and divided into grid squares or areas of activity. Where data are insufficient to calibrate release numbers or provide a sufficient baseline, additional survey information may be required.

Human Health Monitoring – section to be written

Mosquito Monitoring
The central part of any monitoring programme will be the tracking of the mosquito vector population. It is this which will show the impact of releases upon the resident population, and allow programme managers to decide the size and locations of releases. Human disease incidence and environmental and social impacts will also need to be monitored but this is usually far less time-critical and resource intensive.
Monitoring is a trade-off of resources. With more precise monitoring, releases can be nearer to the minimum needed to reach the target overflooding ratio and suppress the population – without increased risk of populations escaping control. This increased monitoring effort can thus reduce the overall cost per unit area by requiring smaller releases. For most release programmes, total release numbers will be constrained by the capacity of the production facility – this provides an upper limit, but also represents a capital investment whose economies of scale of production are quickly lost with reducing production. As such, it is preferable to have smaller releases per unit area (i.e. by reducing initial populations) that will allow a greater area to be covered at greater speed.
Monitoring will need to be most intensive in the first and second months of any release. This is when wild-type mosquito populations will be at their highest, releases will need to be biggest and high mosquito production foci  will pose the greatest risk to the success of the programme. As wild-type populations fall and risk declines, monitoring and release effort can be reduced to monitoring and maintenance of presence-absence and potential population rebound. Even in the absence of gene-drive, such ongoing releases are likely to be around a quarter of the initial intensity. This frees resources for release and monitoring efforts in neighbouring areas.
Vector populations can be monitored at any of the life-stages of mosquitoes: eggs, larvae, pupae and adults can all be sampled and used to estimate population parameters, with various advantages and disadvantages.
Monitoring Methods and Equipment
Egg Sampling
Egg sampling is of greatest importance in monitoring container breeding species – principally those of Aedes – which will readily deposit eggs in artificial ovitraps. These are simple water containers (approx. 300ml) with dark sides and a partially submerged hardboard ramp – an attractive oviposition site for Aedes, which lay on intermittently flooded water margins. They are more effective when filled with a hay infusion, than with water alone, but such an infusion can be difficult to standardise (Silver, 2008). Eggs can be removed, hatched and keyed to species – ‘sticky’ ovitraps catch egg-laying females  removing the need to hatch eggs if only species identification is needed. A rough estimate of overall egg numbers can be made from the number of positive Ovitraps (Mogi et al. *). Ovitraps are inexpensive, reliable and easy to operate. They are also suitable for Culex species, and will be useful when and if these mosquitoes become candidates for genetic control.
Negative results from ovitraps are the most reliable indication that an Aedes species is absent, and *** days without eggs can be taken as confirmation that the species is not present within the 50-200m (at the 90th percentile) range of Aedes adults.
Egg collection from Anopheles species which do not breed in containers is considerably more difficult and is not recommended; eggs will be distributed across larger pools, and collection will involve pond-dipping for floating egg rafts. While possible, the difficulty of finding such rafts means this cannot provide evidence of absence. It is seldom done.
The proportion of eggs affected by introduced genes can be very useful information, charting as it does the successful mating ratio, the most useful indicator of whether overflooding ratios are sufficient. Thus the proportion of sterile eggs is a solid indicator of the impact of modifications such as RIDL (Release of Insects carrying a Dominant Lethal) which induce sterility, and also of their likely success, with sterility rates of greater than 50% expected to depress the adult population (Alphey, *). In addition, the proportion of eggs carrying introduced traits shows the penetration of meiotic drive alleles or Wolbachia.
Egg numbers are however a poor index of population size. Considerable density-dependent mortality in juvenile mosquitoes decouples egg and adult numbers. Moreover, ovitrap catches are dependent on the number of alternative oviposition sites; ovitraps will attract a smaller proportion of total eggs deposited. So, population estimates will need to take into consideration the number of alternative sites.
Larval and Pupal Monitoring
Larval and pupal surveys have traditionally been the main surveillance tools for many Aedes control programmes (McKemey, *). For container-breeding species, inspectors enter houses and sample all containers for larval and pupal mosquitoes – each such inspection takes 20-40 minutes. For species breeding in natural pools, sweep-nets or floating traps are used to obtain juveniles (details available in Service, Silver *).
Standard indices have been developed for container sampling, from which adult numbers can be empirically (but very roughly) estimated for each location. Most common of these are:
· The House Index (HI):	Percentage of households infected with juveniles
· The Container Index (CI):	Percentage of water-holding containers containing juveniles
· The Breteau Index (BI):	Number of positive containers per 100 households
· The Pupal Index:	Number of pupae per resident
None of the larval indices can give a reliable indication of adult population levels; hampered by the large variance in containers’ production of mosquitoes (Focks, 2003; Southwood, *). But they are sensitive to the presence and absence of species, and the proportion of mosquitoes carrying introduced traits may again be relevant. Pupal numbers are more helpful; closely correlated with the number of emerging adults. Larval surveys may be carried out already, however, in the course of conventional control – in which a larvicide (usually temephos) is added to standing containers. Data from these sources can contribute to both baseline comparisons and measuring of success.
Sampling of natural pools presents further problems. Both larvae and pupae will dive when disturbed, and samplers may need to wait for them to resurface. It is also less likely that samples are representative of the wider population.
Adult Monitoring: 
Only adult female mosquitoes are responsible for disease transmission, and therefore is the the most important sex to track. As adults are mobile, direct monitoring is more time-consuming or requires more complex traps than indirect monitoring through egg or juvenile survey but is typically the preferred option for anophelines. Where fluorescent marker genes are employed, they may not express in adults – requiring more effort to identify allele proportions. Nonetheless, some adult monitoring will be necessary throughout most releases. Monitoring options are described below.
Mark-Release-Recapture (MRR)
The release of marked individuals at known sites, and their later recapture, provides the most accurate measures of population size and of individual displacement. ‘MRR’ studies are also the only practical method for assessing average life expectancy in the environment (McKemey, *). This is a key factor in relation to disease transmission as only females of over 10 days’ age are capable of transmitting disease. There are many available methods for physical marking, comprehensively assessed by Silver (2008). Genetic modifications may also provide a mark; through either phenotypic (e.g. fluorescence) or genetic identification of the introduced gene or an associated marker. With release numbers known, and mortality estimates for released insects, the ratio of modified mosquitoes to wild-type – and its variance over time and between traps at various locations – can be used to calculate population size and displacement parameters. Statistical methods for these calculations are examined in books by Silver (2008) and Service (1993).
Aspirators
Vacuum aspirators allow the collection of resting mosquitoes. US “Centers for Disease Control and Prevention” (CDC) backpack aspirators use a suction fan and flexible tube to collect mosquitoes – the tube is passed over walls and other possible mosquito resting places, and mosquitoes caught in collection tubes. Surveys will take 10-30 minutes per property. Data quality will vary with the skill and motivation of inspectors, and the complexity of furnishing. There may be problems getting access to properties for what is an intrusive survey.
Stationary Traps
Stationary traps are left in one place to lure and collect mosquitoes. Most provide visual and olfactory lures, and many use fans to aid capture – requiring electrical components and canisters of volatiles. They can be expensive (most are in the range of $100-$300, with some reaching $800) but save on staff time and tend to gather more mosquitoes than a household aspirator survey (McKemey, *). A range of traps is available, of which CDC-type and BG Sentinel traps are the most commonly employed. Traps must be checked, consumables and batteries refreshed and emptied regularly.
Population size estimates cannot be made from an insufficient number of adult trap catches, as the immediate environment of traps has a large and unpredictable effect on catch size, but they do provide a useful indicator of relative adult population sizes.
Landing Surveys
Landing surveys collect data on the number of mosquitoes landing on a per person, per some pre-determined amount of time, and usually at a certain time of day when mosquitoes are actively seeking bloodmeals. Exposed staff capture each mosquito which settles on them, over a fixed period. This can risk infection, and prophylaxis is vital – screening staff behind mosquito netting, and capturing those insects which settle on the nets may be preferred for this reason. This type of survey provides one of the best indicators of adult female populations as attractancy to humans is a uniform trait of females that can transmit disease.
Local Practicalities
The monitoring scheme chosen will often depend on local circumstances. Access to properties may be difficult – because of reluctance to allow survey teams into properties, or because properties are left unattended during the day. As a result, pre-arranged visits or outdoor traps and surveys will often be necessary.
While the deployment of stationary adult traps with expensive components may not be  problematic in some areas, theft is a substantial problem in others. Mosquito traps usually make good household-use containers – simple ovitraps included. Batteries or solar panels are likewise generally useful objects. Theft can be reduced by placing traps in conspicuous communal areas, by assigning responsibility for trap maintenance to local communities or individuals, by convincing people of their public health benefits and also by distributing alternative containers. Some theft may still be inevitable, and should be built into monitoring assumptions.
Monitoring Intensity and Aggregation of Data
The distribution and intensity of survey effort will depend on the characteristics of the species, and the aims of the programme. The survey network should be able to detect local variations in population density, and so will ideally have a resolution similar to the maximum displacement range of the species in question – fine-grained for species such as Aedes (a maximum displacement of some 300m) and less so for Anopheles (2.5km). This is difficult in practice, but one trap for every square kilometre should be treated as a minimum density for Aedes – *figures for Anopheles etc.*.
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Table 2. Advantages and Disadvantages – along model in McKemey (*) – see below



The distribution and intensity of survey effort will depend on the characteristics of the species, and the aims of the programme. The survey network should be able to detect local variations in population density, and so will ideally have a resolution similar to the maximum displacement range of the species in question – fine-grained for species such as Aedes (a maximum displacement of some 300m) and less so for Anopheles (2.5km). This is difficult in practice, but one trap for every square kilometre should be treated as a minimum density for Aedes – *figures for Anopheles etc.*.

Local variation will be considerable, both in actual mosquito density and the relative attractiveness of traps. As resource constraints will limit the number of traps and surveys, the catch data from a broad area may need to be aggregated to provide statistically acceptable estimates of population size and fluctuations.
Recognition of high mosquito-production foci, and potential escape from control, are a key function of the monitoring programme. It is important to establish action thresholds at which the rate of release should be increased, determined by the proportion of local traps where the overflooding ratio is less than the ideal, or the number of consecutive time periods where this is true of a single trap. As monitoring resolution may not be statistically sensitive to all variation, these action thresholds are likely to be set at conservative levels.  
Data Management
Monitoring field releases is complex and intensive and is far less orderly than laboratory and contained trials. Several types of data will need to be collected at relatively precise times, by different project teams who may be transporting and releasing insects alongside their monitoring responsibilities. Despite these pressures on time and attention, data must be accurately and consistently managed throughout. Likewise, communication of results, problems and their consequences must be rapid if data are to be used effectively to fine-tune projects as they progress. For these reasons it is vital that data collection, management and analysis are carefully planned and provided sufficient resources in advance of releases. 
Figure 3 presents the usual flow of data within a field project. Data will be collected by a number of field survey teams, their activities and results co-ordinated by a survey supervisor. Data, arriving as paper forms or computer files, should be entered, merged and stored centrally by a designated data manager. This store of data will be checked and analysed throughout the project – reports, maps and any problems or queries will be fed back immediately or in weekly reports to survey supervisors and the programme’s overall administrator. These can then be used to alter the survey procedure or work plan. All of this relies on smooth and rapid communication between teams.
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)Standard data collection forms must be prepared for the start of monitoring, and staff trained in their use. Forms will usually be tables, with one row for each sample and a separate column for each datum.
Staff must note the location of each sample site: its unique ID, latitude, longitude and altitude. The time of deployment and sampling must be noted as accurately as possible. 
Further data are project-specific. For vector monitoring, the number of each species sampled will need to be recorded in almost all cases. The sex, age, and parity status of adults will often be noted – likewise the life stage of juvenile forms. The presence or absence of the genetic modification will be relevant, and recorded wherever possible. The efficacy of many modifications will depend on trends in key demographic groups: for example on the proportion of adult females reaching a given age (for Wolbachia and alleles affecting mortality), or of adult males carrying a modification (for RIDL). Data will need to be collected for the calculation of these proportions.


Figure 3. Data Flow Diagram. (adapted from Leak et al. 2008)

Epidemiological monitoring will often be conducted by public health institutions, alongside release programmes. Additional monitoring efforts may be needed.
The quality and reliability of the data are critical to ensuring good decisions are made so procedures for making data entry easy and trapping unusual or duplicate entries are required.  Portable GPS devices may allow location to be entered automatically. Otherwise, separate data sheets should be used for each grid square of the release area, to avoid confusion. 
Data Analysis
Data analysis will be needed throughout the monitoring programme – to provide ongoing guidance to release patterns, to check the efficacy of protocols and equipment, and to ensure enough data are collected to provide statistically significant final results. The data manager must know precisely which statistics, activity maps and data need to be provided to survey teams and the programme manager, and how frequently.
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Appendix 1
)Ovitrap Data sheet	Field Collection
	
Trap Set Date
	
01-Feb-11

	
Trap Collection Date
	
07-Feb-11

	
Location
	
New Town

	
Field Operative
	
Mr Smith & Mrs Brown



	



Trap No
	IN/OUT door	I = Indoor	   O
= Outdoor
	



Location Description
	



GPS
	
Trap Recovered [1= yes, 0 = No]

	
1
	
O
	
House no. 44, Pink house, CR
1453 (m'bike)
	
N
03°34.217', E
101°53.448'
	
1

	
2
	
I
	
	
	
1

	
3
	
O
	
House no. 8, Orange house, BFD
912 (black Wira)
	N
04°34.242', E
104°53.441'
	
1

	
4
	
I
	
	
	
1

	
5
	
O
	
House no. 54, En. Ramli Kaladok/ Zubaidah Jamil , ADF 4831 (m'bike)
	
N
04°34.181', E
101°53.432'
	
1

	
6
	
I
	
	
	
0

	
7
	
O
	
House no. 77, Small flag outside house, WJH 5548 (black wira), KBS 6607 (m'bike)
	
N
03°34.160', E
104°53.417'
	
1

	
8
	
I
	
	
	
1

	
9
	
O
	
House no. 45, Same row as house
54, CF 8839 (toyota car)
	
N
04°34.196', E
101°54.458'
	
1

	
10
	
I
	
	
	
1

	
11
	
O
	
House no. 96, Sin Yu Fatt
Trading, CAD 76 (toyota van)
	
N
03°34.169', E
104°53.469'
	
1

	
12
	
I
	
	
	
1

	
13
	
O
	
House no. 102, Maroon gate, same row as Sin Yu Fatt
	
N
03°34.154', E
401°53.453'
	
1

	
14
	
I
	
	
	
1

	
15
	
O
	
House no. 111, Next to lime green house, there's a freezer at the porch, CAQ 8326 (m'bike)
	
N
03°34.140', E
501°53.423'
	
0

	
16
	
I
	
	
	
0

	
17
	
O
	
House no. 118, Porch under construction, house at the end of lane
	
N
03°34.129', E
401°53.405'
	
1

	
18
	
I
	
	
	
1

	
19
	
O
	
House no. 24, Wooden gate, peach hse, CBT 4047 (waja)
	
N
03°34.182', E
401°53.387'
	
1

	
20
	
I
	
	
	
1



Appendix 2
KEMRI SSC GUIDELINES FOR WRITING PROJECT PROPOSALS

1.	TITLE OF THE PROJECT:	This should be concise and not longer than 30 words.

2.	INVESTIGATORS AND INSTITUTIONAL AFFILIATIONS: Non-KEMRI investigators should include their curriculum vitae.

3.	ABSTRACT:  It should provide a concise summary of the background, justification, objective, work planned, nature of results expected, and their significance.  This should be structured as one paragraph in NOT MORE THAN 200 WORDS.

4.	INTRODUCTION/BACKGROUND:  This should be a historical and/or scientific background to the project proposal with literature citations.  The literature cited should be listed at the end of the proposal document with the full names of the authors, the title of the publication, the journal/book, the year, volume, beginning and end pages of the article.
	(THIS SECTION SHOULD NOT EXCEED ONE A4 SIZE PAGE USING 12 PTS TIME NEW ROMAN FONT OR SIMILAR)

5.	JUSTIFICATION FOR THE STUDY:  This section should give a short justification of the significance of the proposed research, emphasizing how the results will provide new knowledge in the particular field, and why it will be important for national or international development.
	(NOT MORE THAN HALF PAGFE OF A4 SIZE SINGLE SPACING)

6.	STATE THE NULL HYPOTHESIS: Where applicable.

7.	(a) GENERAL OBJECTIVES:  The main aim should be given clearly. (NOT MORE THAN TWO SENTENCES)

	(B) SPECIFIC OBJECTIVES:  This section must clearly and unambiguously state the objective(s) of the project.  These must be achievable objectives and not statements of the methods to be carried out.  The objectives should be written in short concise sentences, and each not consisting of more than two sentences. 
	(NOT MORE THAN FOUR SPECIFIC OBJECTIVES SHOULD BE GIVEN)

8. 	DESIGNS AND METHODOLOGY:
(a)  	Study site (Geographical)

(b)  	Study populations
(i) Criteria for inclusion of subjects
(ii) Criteria for exclusion of subjects
(iii) Rationale for animal use and justification for animal species chosen.

(c) 	Sampling
i. Sample size determination
ii. Sampling procedure

           (d) 	Procedures
(i) Description of the type of data to be collected and collection procedures to be followed.
(ii) Provisions for data verification, and validation in the field and laboratory (where applicable).
The structure of this section will be determined by the specific nature of the study.  If it is a clinical study, it should specify such things as study site, patient selection, inclusion and exclusion criteria, summary of the procedures to be used, etc.  If it is laboratory and/or field study, it should specify the study site, materials, procedures to be used preferably in bullet form, etc.  Where appropriate, calculation of the subject/patient population should be shown.  The instruments to be used in surveys, clinical studies, questionnaires, should be appropriately mentioned in the text and copies of such instruments should be attached to the proposal document in the form of Appendices.  Similarly, the INFORMED CONSENT FORMS AND EXPLANATIONS should be attached as Appendices.
(THIS SECTION SHOULD NOT EXCEED ONE A4 PAGE SINGLE SPACING USING TIMES NEW ROMAN 12 PTS OR SIMILAR).

9.	DATA MANAGEMENT:
	(a) 	Data Storage.
i. 	Provision for database management incorporating how data will be        stored before and after analysis.
ii. 	Description of devices to be used for storage, i.e. type of computer, software to be used in data entry, checking and management.
     	(b) 	Data Management (where applicable)
Data Analysis – The statistical techniques to be applied in the analysis to meet the requirements of each of the specific objectives and hypotheses to be tested.   This section should concisely describe how the data obtained will be processed, calculated or computed.  If a computerised method is to be used, it should specify which software(s) will be used and HOW it will be used.  Such statements like “The results will be entered in a computer” without any further explanation will not be accepted.  Where results will be processed in the form of tables, a short form of such tables should be given with the headings.
(THIS SECTION SHOULD NOT BE MORE THAN HALF OF A4 PAGE SINGLE SPACING)

10.	TIME FRAME/DURATION OF THE PROJECT:
(a)  	Pilot study (where applicable)
(b) 	Definitive study
(c)	Data analysis
(d)	Report preparation
The total period planned for the project should be stated in months or  years, followed by a breakdown of the stages implementation.
(NOT MORE THAN HALF A PAGE).

11.	ETHICAL CONSIDERATIONS
	(a) 	Human Subjects
In all investigations involving human subjects, the following guidelines       should be observed:
i 	“First, do no harm.”
ii.	Direct benefit to study subjects or community should exist.
iii.	Informed consent by subjects and/or community leaders including possible benefits, risks and inconveniences (the protocol should be accompanied by consent-seeking information sheet and informed consent form). See Appendix 1.
iv.	Indicate the method of maintaining confidentiality of information obtained during the study.
v.	Incase of new drugs and/or procedures to be used on human subjects, any possible side effects, untoward reactions and results of previous use even in animals should be stated.

           (b) 	Animal Subjects.
                 	In all investigations involving animals, the following guidelines should be
                	 observed:
i.	Methods to minimize pain and distress must be specified:
ii.	If applicable, a strong justification must be made for not using proper drugs to alleviate pain and distress;
iii	If applicable, the method of euthanasia should be specified.

12.	EXPECTED APPLICATION OF THE RESULTS:  This section should
summarise briefly the importance of the expected results and their potential use 
or application. (NOT MORE THAN HALF A PAGE)

13.	REFERENCES
(a) In the text, use numbering citation method.
(b) In the References page, use the following citation system:

1	Adungo, NI, Mahadevan S, Mulaya NL, Situbi AP and Githure JI:
     	Comparative determination of plasmodium falciparum sporozoite rates in
    	Afrotropical Anopheles from Kenya by dissection and ELISA.
    	Annals of Tropical Medicine and Hygiene 1991:85:387-394.

	2. 	Okong’o-Odera EA, Abok K, Wamachi A, Mumo J and Koech DK.
                 	Analysis of diagnostic potential of Leishmania donovani antigens. In: 
Proceedings of the 12th Annual Medical Scientific Conference, 4-8 February 1991, Nairobi, Kenya. 1992,  pp.271-278.

The literature citations should be provided in full detail, preferably using the numbering style, but in any case, each reference cited in the project proposal must be listed giving: the names of the authors, the full title of the publication, the year of publication, the volume if it is a serial or authors and publishers if it is a book, the beginning and end pages of the article.

14.	BUDGET:  The budget section should be written in three parts:

a.	Budget Summary which should list the major components of the budget, e.g. Travel, Staff emoluments, Equipment, etc.

b.	Detailed Budget which should give the break down of each of the sub-sections of the budget summary.  The total in (a) and (b) should be the same	
The item costs should be given in US dollars (a stable currency), but at the end, the total equivalent in Kenyan Shillings at the time of writing the project, should also be given.

(a)	Personnel, salaries and benefits disbursement
(b)  	Patient costs, travel, food and/or supplies
(c)  	Major equipment itemized; minor aggregated
(d)  	Supplies
(e)  	Travel and accommodation
  	i.	Local or field travel
	ii.	International/Local conferences 
(f)  	Transportation, vehicle repairs, insurance, etc
(g)  	Operating expenses, postage, printing, etc
(h)  	Animals:acquisition, food, cages, etc.
(i)  	Consultancy fees
(j)  	Contingency funds (15% including inflation)
(k)  	Institutional administrative overheads: 15%

15.	JUSTIFICATION OF THE BUDGET:
A short paragraph (NOT MORE THAN HALF A PAGE) should give a justification for the items intended for the project and the cost estimates given.
[THE BUDGET SECTION SHOULD NOT BE MORE THAN TWO AND A HALF PAGES]
16.	APPENDICES
	(a)	State the role of each participating investigator
(c) Attach the relevant documents:
- 	Curriculum vitae of each non-KEMRI investigator
-	Case record and data collection forms
-	Informed consent advice and forms	
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Anexo 8.11

Formato 1 Para el registro de las larvas Aedes aegypti de las cepas OX3604C y CGD sembradas en las charolas de cria en
el insectario del CRISP. :

Fecha de
eclosion

Cepa de
Origen'

Fenotipo®

No. de
larvas®

No. de
charolas”

Color
asignado®

Responsable
Procedimiento

Observaciones

i OX3604'C (cepa de los mosquitos genéticamente modificados); CGD (cepa genéticamente diversa, no modificada).

CBG/CRISP-£RSF/ UG DAVIS/2010

% No apto para el vuelo [NAV] (proveniente de la cepa OX3604C, sin tefraciclina); Apto para el Vuelo [AV] (proveniente de la cepa 0OX3604C, con

tetraciclina).

3. La densidad de siembra de las larvas es de 200 larvas/ charola, de acuerdo a los procedimientos descritos en el manual.
4 Verde (V) - para la CGD; Rojo (R) — cepa OX3604C fenotipo NAV del insectario; Amarillo (Am) - cepa OX3604C fenotipo NAV de campo; y Azul (Az) - cepa

OX3604C fenotipc AV.




image6.png
Anexo 8.11

Formato 2 Para el registro de las pupas introducidas a las jaulas de mantenimiento de los adultos de Aedes aegypti de las
cepas 0X3604C y CGD en el insectario del CRISP y/o en las jaulas experimentales del Campo Experimental Rio Florido

(CERF). )
Fecha de q Cepa de . 3 | No.de | Generacion | Jaula de Responsable .
Introduccien | 9% Origen” | FENOIPO” | pupas (F) destino Procedimiento Observaciones
g p

GBE/CRISP-INSY UChAVIS200
*: Jaulas de mantenimiento de adultos de! insectario del Cenfro regional de Investigacion en Salud Publica - CRISP; Jaulas experimentales del Campo
Experimental Rio Florido — CERF,

% OX3604C (cepa de los mosquitos genéticamente modificados); CGD (cepa genéticamente diversa, no modificada).

3 No apto para el vuelo [NAV] (proveniente de la cepa OX3604C, sin tetraciclina); Apto para el Vuelo [AV] (proveniente de la cepa OX3604C, con
tetraciclina). ’
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Anexo 8.11
Formato 3 Para el registro de la alimentacion de adultos de Aedes aegypti de las cepas OX3604C y CGD en el msectarlo
del CRISP y/o en las jaulas experimentales del Campo Experimental Rio Florido (CERF).

Fecha de No. Hora de | Hora de No. de Responsable
Alimentacion Conejo Inicio | Termino Jaula Tratamiento* Procedimiento

Lugar Observaciones

CBE/CRISP-INST/ LG DAVES/2000
1. Jaulas de mantenimiento de adultos del insectario del Centro Regional de Investigacion en Salud Publica - CRISP; Jaulas experimentales del Campo

Experlmental Rio Florido - CERF
: Cepa OX3604C no apta para eI vuelo - OX3604C-NAV; Cepa OX3604C apta para el vuelo - OX3604C-AP; Cepa genéticamente Diversa — CGD.
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Anexo 8.11

Formato 4 Para el registro de los huevos colectados de las jaulas de mantenimiento de los adultos de Aedes aegypti de las

cepas OX3604C y CGD en el insectario del CRISP y/o en

las jaulas experimentales del Campo Experimental Rio Florido

(CERF).
Fecha de 1 Cepa de . 3| No.de | Generacién | Jaulade Responsable ’
colecta Lugar Origen’ Fenofipd™ | i evos® (F) Origen Procedimiento Observaciones

*. Jaulas de mantenimiento de adultos de! insectario del Centro regional de Investigacion en Salud Publica - CRISP; Jaulas experimentales dei Campo

Experimental Rio Florido — CERF.
2 OX3604C (cepa de los mosquitos genéticamente modificados); CGD (cepa genéticamente diversa, no modificada).

GBO/CRISP-IASP/ LG DAVIS/2000

3: No apto para el vuelo [NAV} (proveniente de la cepa OX3604C, sin tetraciclina); Apto para el Vuelo [AV] (proveniente de la cepa OX3604C, con

tetraciclina).

% Se refiere a la cantidad aproximada de huevos: + (pocos, < 100 huevos); ++ (moderado, 100-500); +++ (muchos huevos, > 500).
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Anexo 8.11 :
Formato 5 Para el registro de los adultos de Aedes aegypti capturados mediante las trampas BG en el interior de las jaulas

experimentales (monitoreo de las poblaciones).

Vivos Muertos' Responsable

Fecha Jaula Tratamiento 9 3 Total 0 3 Procedimiento Observaciones

1:Se refiere a los mosquitos que después de haber sido anestesiados ya no se recuperaron y murieron debido al manejo, esto se observara al introducirios de
nuevo a las jaulas y quedaran en los contenedores de transporte.




image10.png
Anexo 8.1

Formato 6 Para el registro del transporte de huevos, larvas, pupas o adulfos de Aedes aegypti de las cepas OX3604C y

CGD del insectario del CRISP hacia el Campo Experimental Rio Florido (CERF) y/o viceversa.

Fecha de
Introduccion

Lugar de
Qrigen’

Lugar de
Destino'

Cepa de
Origen®

Fenotipo®

Estadio

Generacion
(F)

Responsable
Procedimiento

Observaciones

1 Jaulas de mantenimiento de adultos del insectario del Centro Regional de Investigacion en Salud Publica - CRISP; Jaulas experimentales del Campo
Expenmental Rio Florido — CERF.

OX3604C (cepa de los mosguitos genéticamente modificados); CGD (cepa genéticamente diversa, no modificada).

GHO/ERISP-INSP/ LE DAWIS/2010

* No apto para el vuelo [NAV] (proveniente de la cepa OX3604C, sin tetraciclina); Apto para el Vuelo [AV] (proveniente de la cepa OX3604C, con

tetramchna)




image11.png
Anexo 8.11 :
Formato 7 Para el registro de los mosquitos Aedes aegypti capturados en las trampas BG en el insectario y el campo
experimental y los resultados de la deteccién de fluorescencia y del transgen por PCR. .

No. de MOSQUITOS CAPTURADOS ] Procesa'd'o_s por Firma del
FECHA Trampa Ubicacion' | No. Vial Aedes aegypti Ofra Especie Vivo/Muerto tamizaje : Resultado Responsable
(VIiM)y (Fluorescencia) | PCR (+/-) .
BG 0 3 Q 3 ) del Registro

! Campo Experimental
(CERF): 10 trampas alrededor de la plataforma, numeradas consecutivamente del 1 al 10 en el sentido de las manecilias del reloj, 3 ubicadas al NE (1,2 y 3),
2alSE(4y5),3alS0 (6, 7y 8)y2al NO (9y 10); Insectario: vestibulo (V), area de cria OX3604C con tetraciclina (CT) y puerta de acceso al insectario

(PA).
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Anexo 8.11
Formato 7.1 Registro para las muestras de mosquitos Aedes aegypti capturados con las trampas BG en el CERF y el Insectario que seran procesados mediante Iz

técnicas de PCR y Electroforesis en laboratorio

[

WeEody Bzeoin ~Protosoid PCR Contiol Agtina FHIEA0 FLRRUL I HECHOBIESS T FEgEro Fobgraies
- Nblumen .
Fects . 3 2l 2 3 bl de o Reaccin | Marcador
Mo.Md | Recepabn | Procasamiento | -Nombre M, Final B 3 Conc.MgCl |Cong. Primers: - {01, g made Ambiahta 8 3 Cono. MgCh. [Cone. Primers}  reacdin [ Tierrpo Comida- | .- Comida Tamaito M. lmagen {Resiiades PCR
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Anexo 8.11

Formato 7.2 Para el registro de los mosquitos Aedes aegypti obtenidos de los huevos colectados en las

ovitrampas colocadas alrededor de las jaulas experimentales de campo y los resultado de la deteccion de
fluorescencia y del transgen por PCR.

Procesados por

FECHA No. de (+) No. tamizaje Firma del Responsable
Ovitrampa | Huevos | Adultos* Vial (Fluorescencia) del Registro

()

ICampo Experimental (CERF): 10 trampas alrededor de la plataforma, numeradas consecutivamente del 1 al 10 en el sentido de las manecillas
del reloj, 3 ubicadas al NE (1,2y3),2alSE(4y 5),3alSO(6,7y8)y2alNO(9y 10).
* Adultos encontrados ahogados




