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Abstract

With reductions in the malaria burden stalling in the past years, gene drive holds promise as a novel way of reduc-
ing disease transmission. Governance and decision-making processes are pivotal aspects of the legitimate adop-

tion of this technology. Here, the authors explore Target Malaria’s journey in developing a community agreement
model for the release of non-gene drive genetically modified mosquitoes. They describe the iterative development
of the model, including consultations with experts, stakeholder engagement, and alignment with principles of pro-
cedural justice. Several challenges were identified during its development, including defining communities, ensuring
adequate information, consultation, monitoring, and achieving a common decision between dissenting and consent-
ing viewpoints. They underscore the complexity of developing a legitimate model and emphasize the importance

of transparency, procedural legitimacy, and adherence to ethical principles. This paper does not describe the model
itself, which will be the subject of another paper. Instead it focuses on the process, to share this experience with other
projects—those working with gene drive, or any other projects requiring a community-level decision-making process.
The model builds on Target Malaria's experience with the release of genetically modified sterile male mosquitoes,

to address the challenges posed by modified mosquitoes which are fertile and would therefore be expected to per-
sist longer in the environment and spread further than the sterile male mosquito strains. While the level of spread

and persistence of these non gene drive, but fertile, modified mosquitoes are expected to be substantially lower

than those of the gene drive mosquitoes, the process is an essential advance in accommodating the broader geo-
graphical and temporal concerns associated with the more permanent spread of gene drive mosquitoes. The work
described here constitutes part of the evolution of a community agreement process that could be applied to propos-
als for releases of gene drive mosquitoes for malaria control. In describing this process, Target Malaria hopes to con-
tribute to the ongoing dialogue on good practices for community agreement engagement in research for genetic
vector control approaches and to share the experience of building legitimacy while designing such agreement
models.
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Background

After years of progress towards global malaria elimina-
tion goals, the last years have revealed the extent of the
challenges ahead in achieving the goal of elimination
[1]. Insecticide resistance [2, 3], drug resistance [4], the
impacts of armed conflicts [5], residual transmission
[6] and climate change [7] are threatening the progress
made in the last decade. The reduction of malaria cases
and deaths stalled for a while and is now on the rise com-
pared to pre-pandemic numbers [1]. There is a growing
consensus that new tools are required to address those
challenges in a holistic way [8]. Gene drive mosquitoes
are considered as one of those potential transformative
complementary tools [9]. This method harnesses a natu-
rally occurring phenomenon [10] that increases a gene’s
prevalence in the population through sexual reproduc-
tion. This method could contribute to malaria elimi-
nation, either by driving a gene that affects mosquito
reproduction and thus reducing the malaria-transmitting
mosquito population [11] or by driving a gene that affects
and interrupts the parasite transmission [12].

As this technology continues to develop and research
shifts from the discovery phase to potential evaluation
and future use as a tool against malaria, questions about
governance and decision-making are raised [13-17].
Other malaria interventions also raise governance issues
but those tend to focus on accessibility, country owner-
ship and financing. When community engagement is
mentioned, it is more in the context of ensuring cover-
age and individual adherence than questioning whether
communities are part of the broader decision on devel-
oping and using new tools [18]. When envisaging genetic
approaches and, in particular, fertile strains, questions
related to governance include an important focus on the
role of communities—defined as “groups of people who
live within the geographical location or biologically rel-
evant proximity (e.g., flight distance of a targeted insect
vector) to a potential site where research is taking place
or where field releases may take place such that they have
tangible and immediate interests in the research project”
[19].

The legal decision-making process from authorities
is well established. Biosafety laws regulate the release
of genetically modified mosquitoes. In most countries,
these laws are framed as the application of the Cartagena
Protocol on Biosafety [20]. In the framework of the Con-
vention on Biological Diversity, regulatory authorities are
encouraged to “consult the public in the decision-making
process regarding living modified organisms” (Article
23), and in the case of the release of organisms containing
engineered gene drive, specific provisions were made to
seek or obtain the consent from affected indigenous peo-
ple when appropriate [21]. However, existing regulatory
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frameworks focus on obligations at the national and gov-
ernmental levels and not at the community level. Policy-
makers and academics have established that individual
consent is not the appropriate mechanism for agreement
to the release of area-wide vector control tools, includ-
ing those using genetic approaches [22-25]. Instead, the
existing guidance on research ethics for vector control
and for testing genetically modified mosquitoes pro-
poses using “community authorization” [26, 27]. These
guidance documents propose principles for this com-
munity-based decision-making process. However, due
to the large spectrum of projects and contexts consid-
ered, they do not provide a specific model or approach
for research and development projects to follow. Instead,
the WHO advises researchers to accommodate cultural
considerations that may be context-specific for any given
research project when considering the need for com-
munity authorization [27]. In the absence of normative
requirements for this community authorization process,
research projects may develop their own models, inte-
grating the existing principles and guidance and adapting
them to their specific circumstances. The legitimacy of
these models is critical for their success and ethical rel-
evance and must be considered early, starting from the
design phase of the model. The process of building legiti-
macy for these models is not specific to a particular tech-
nology and can be a learning opportunity for a broader
set of researchers and practitioners.

Target Malaria is one of the leading projects develop-
ing gene drive mosquitoes for malaria elimination in sub-
Saharan Africa [28]. The project progresses in phases,
according to existing best practices and guidelines [23,
27, 29]. All three pillars of the project (science, stake-
holder engagement and regulatory affairs) evolve along
those phases, starting with non-gene drive genetically
modified sterile mosquitoes [30] followed by the on-
going second phase of non-gene drive genetically modi-
fied male bias mosquitoes [31]. The ultimate phase will
be self-sustaining gene drive genetically modified mos-
quitoes [32, 33].

The project uses the intermediary phases (sterile male
and male bias) to develop its community agreement
models. The intermediary phases also enable communi-
ties, stakeholders and national authorities in the coun-
tries concerned to be involved in informing the next
steps of the research. The agreement models follow the
same stepwise approach, integrating learnings from the
previous phase and evolving to adapt to the next context
of each phase.

This paper will describe the process followed by Target
Malaria to develop its agreement model for the interme-
diary phase, how it built on the first model used for ento-
mological collections and for the non-gene drive sterile
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male release in Burkina Faso, and how this intends to
inform future models for community agreement for the
field evaluation of gene drive mosquitoes. This paper
focuses on how the model has been designed and does
not describe the model itself, which will be the subject of
another publication. By doing so, the authors intend to
focus on the process by which a model is designed and
the thinking going into building its legitimacy through-
out the process.

This paper focuses on the community agreement model
and does not explore the approaches for individual con-
sent that might be required for specific activities. Individ-
ual consent is sought and obtained for activities where an
individual—or a household—is participating or directly
impacted by an activity. For instance, as part of mos-
quito collections, specific methodologies require enter-
ing someone’s house to collect mosquitoes using traps,
aspiration, or insecticide spray catch [34]. This is the case
whether they are part of the routine entomological stud-
ies to understand the existing mosquito population or
part of the research protocol related to releasing a geneti-
cally modified mosquito strain. In those cases, individual
consent is sought and obtained from the individual who
owns or uses the specific room. The methodology to do
so is standard and includes thorough information shar-
ing about the proposed activities, associated benefits and
risks, and the right for the person to refuse without any
consequences on their ability to benefit from the project
in the future [35]. The individual consent methodology is
described in the research protocol and reviewed by the
institutional ethics committee, which often monitors the
implementation of this protocol [36].

Initially, the project intended to develop a model
appropriate for gene drive releases and evaluate it with
its non gene drive fertile strain. However, the process
revealed that specific details—e.g. about the future gene
drive mosquitoes field release protocol design, the con-
ditions in which the evaluation might take place (in par-
ticular the nature of the potential partnerships in the
implementing country), or the ongoing regional policy
processes (in particular to deal with transboundary
issues)—would need to be available before the develop-
ment of a comprehensive agreement model for gene
drive mosquitoes. Therefore, it was decided to focus on
this intermediary phase as a stepping stone for a poten-
tial gene drive phase, as this phase encompassed the
complexities of an agreement model for a fertile strain of
mosquitoes, with a greater level of spread and persistence
in the environment that its sterile counterparts from pre-
vious releases.

This paper explores the diversity of skills and perspec-
tives required to develop such a model and the need to
ground the model in the African research context. It
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also describes the various steps followed in this pro-
cess (Fig. 1). By sharing the approach taken by the pro-
ject to respond to these challenges, the paper intends to
inform other researchers and foster discussions between
practitioners, policymakers and academics about good
practices to build legitimate community agreement mod-
els for genetic approaches to vector control, and more
broadly for area-wide interventions. This paper focuses
on the community agreement process and does not dis-
cuss the regulatory permits that are required prior to
any release of genetically modified mosquitoes, which
often include some public consultation process as per
the Cartagena Protocol on Biosafety, Article 23 [20]. The
paper focuses on the process of designing a community
agreement model and does not describe the details of this
model, which will be the subject of a different paper, as
the authors strongly believe that the process can be an
example applied to a variety of projects aiming to develop
their own model for community-level decision-making,
while the model itself is very specific to Target Malaria,
its activities, values, and context.

Target Malaria’s iterative process to develop

a community agreement model for genetic
approaches

The foundation of Target Malaria’s stakeholder engage-
ment strategy is the ability to integrate stakeholders’
inputs, respond to local circumstances, and adapt to
research findings. Flexibility and adaptation have been
critical components of the project’s approach to stake-
holder engagement, schematized in Fig. 2 [36]. This char-
acteristic is also critical when envisaging community
agreement models. It allows the integration of emerging
guidance, recommendations, and other changing circum-
stances and feedback (Fig. 2). The process of developing
this agreement model reflects the same principle.

The existing model for field entomological collection
activities and non-gene drive sterile male mosquitoes
The project initially developed its community consul-
tation and agreement process in the context of its field
entomological collections and for the activities related to
the non gene drive genetically modified sterile male. This
process was used for both importation and work in con-
tained use in Burkina Faso and Mali [37, 38] and for the
small-scale release in Burkina Faso of the non gene drive
sterile male mosquitoes [39]. This step allowed the pro-
ject to design and test an agreement model aligning with
communities’ preferences and context which reflected
existing guidelines [36, 40].

This initial model, reviewed and approved by research
ethics committees, relies on an in-depth understand-
ing of community dynamics and governance and on
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Summary of the methodology followed to
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develop the COMMUNITY AGREEMENT MODEL

Development and Review of the agreement model Consultative expert workshop
implementation of an agreement used for the non-gene drive on community agreement for
model for entomological sterile male mosquito release gene drive research in Africa
collections and activities related
to non-gene drive sterile male
mosquitoes

N

Agreement model design and

Experts interviews

internal consultation

Publication of the model {

D 4

Further consultations for local
implementation of the model

Fig. 1 Process of the methodology for developing the community agreement model

communities’ inputs to co-develop an agreement model
that is acceptable and legitimate for them. In the vil-
lages where this was implemented, this took the form
of a group of community representatives chosen by the
community and “cross-checked [by the researchers]
with all village components, including minorities and
vulnerable groups” It also includes several account-
ability mechanisms during the process, including dur-
ing and after the mosquito release [36, 40]. This model
builds on trust between the communities and the
researchers developed over extensive engagements over
a long period of time. In the village in Burkina Faso,
where the non-gene drive sterile male mosquito release

took place, the project had started its engagement more
than 5 years prior to the release.

Review of the agreement model used for the non-gene
drive sterile male mosquito release

Openness and accountability are critical not just to the
model itself but to the process by which it is developed.
On this basis, in 2020, Target Malaria decided to review
its agreement model. This review balanced the positive
feedback from the affected community and stakehold-
ers directly involved in the process with the learnings
from external observers who questioned the model
and the legitimacy of the group deciding on behalf of
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Stakeholder Engagement Strategy

\

Fig. 2 Target Malaria stakeholder engagement strategy [36]

the community [40]. There were also concerns raised
by the project itself about the ability to apply the same
model to future releases of other strains. These may not
afford the same lengthy period of preparation time to
build trust and relationships with communities in the
same way as was done for the sterile male and would
likely require a scaling up of the number of field sites.
The time and personnel intensity of the model would
be difficult to sustain in the future. Finding the right
balance between extensive in-person engagement that
marks early phases and scaled-up strategies required
when targeting a larger area or using a fertile strain was
recognized as a key challenge. Experience from other
projects working on area-wide vector control, such as
the World Mosquito Program, showed that the agree-
ment model had to evolve to accommodate different
timelines and a growing number of field sites [41]. The
early model allows for building understanding and trust
and leaves space for co-development. In contrast, the
latter allows for reaching out to more communities and
more flexibility to adapt to potential changes. Gaining
this scale and flexibility while maintaining understand-
ing, trust, and co-development was at the heart of the
challenge faced by the project for its next phase.

Change of context

Stakeholders feedback

New publications

Updated project pathway

Consultative expert workshop on community agreement
process for gene drive research

While the project was faced with these questions of scal-
ability of an agreement model for the next phases, the
discussions about genetic approaches to vector con-
trol and gene drive had reached a broader audience of
engagement practitioners, social scientists working on
global health, entomologists, global health experts and
bioethicists. Proposals were made for the governance of
gene drive mosquitoes without inputs from engagement
practitioners or concerned communities [42]. A process
was needed to involve a broad range of experts to estab-
lish the basis of what an agreement model for gene drive
could be. The Pan African Mosquito Control Associa-
tion (PAMCA) had organized trainings on gene drive and
hosted discussions on this topic at its annual conference,
and the Kenyan Medical Research Institute (KEMRI)
had initiated research on the engagement practices for
genetic approaches to vector control. These two organi-
zations were natural partners to co-lead a consultation on
a community agreement model for gene drive research
in Africa and to anchor this process in the cultural and
political context where this technology could be evalu-
ated [43].
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The workshop, co-organized with KEMRI and PAMCA,
gathered experts from thirty different organizations and
research institutions from Europe, North America, Asia
and Africa, as demonstrated in Fig. 3 (some experts had
more than one affiliation). This technology is intended
for evaluation and use in Africa, so priority was given to
experts from the continent. This workshop also intended
to gather input from a variety of disciplines, recognis-
ing that the model should be informed by social sciences
and ethics but also by engagement practitioners, ento-
mologists and global health experts (Fig. 3). The authors
used the differentiation made by the experts themselves
between epidemiologists, malaria experts and global
health experts. The first category refers to experts study-
ing specific interventions and their impacts on malaria,
while the global health experts focus on a broader set of
issues beyond one disease and take a more interdiscipli-
nary approach.

The consultation aimed “to provide direction and rec-
ommendations to Target Malaria, and beyond the pro-
ject offer some reflections for other projects, specifically
on the question of community acceptance and consent
for possible future field evaluations of gene drive-mod-
ified mosquitoes” The experience with the initial agree-
ment model and the feedback received after the release
of the non gene drive genetically modified sterile male
mosquitoes in Burkina Faso informed the selection of
three thematic clusters for discussions: (i) representation
and legitimacy, (ii) accountability and (iii) operational
considerations.

The key findings from the workshop included appropri-
ate terminology (“community agreement” vs community

17

Africa

Asia

= Europe = North America
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“acceptance” or “consent”), identification of the relevant
stakeholders and community with which to engage (a
distinction between relevant communities vs general
public), reflections for engagement with stakehold-
ers who may not wish for the research to take place and
considering their opposing views, inability of individu-
als to opt-out and need for dynamic engagement with
multiple decision points, and the need for monitoring
mechanisms. The workshop also differentiated the degree
of engagement and agreement-seeking requirements
depending on how the release would impact the commu-
nities. Potential impacts could come from the activities
associated with the releases (e.g. monitoring activities,
media interest in the release), or from the mere presence
of the research team in their village, or from the mosqui-
to’s presence [43].

Interviews with experts

The workshop identified several complex topics requir-
ing additional reflection that were categorized into five
key themes: 1. Defining communities, 2. Information
and verification of understanding, 3. Consultation and
community agreement, 4. Monitoring the implementa-
tion of the agreement, 5. Dissenting voices and minority
perspectives.

Target Malaria’s engagement practitioners developed a
list of precise questions for each theme, aiming to break
large concepts into practical questions that the model
would need to respond to. A sample of these questions
can be seen in Fig. 4.

Following the workshop, experts were interviewed
to address those questions. The experts were selected

= Social science expert
= Engagement practitioner
Ethics expert
= Epidemiologist, malaria expert
= Global health expert
= Entomology/molecular biology expert

Fig. 3 Geographical representation and main area of expertise of workshop participants (according to their institutional affiliation)
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Gap questions — Defining communities

composed of several villages?

administrative limits?
e Who defines what a community is?

qualify?

o Ifso, who?

relation to the agreement model?

proposed activity)?

e If the consent is “community-based”, how is a community-defined?E.g.,is it the same as a village? Can
a community be a sub-set of a village (meaning we could have several communities within a village) or be

o Where is the “border” and how is it defined? By whom? Is that “border” following

o Who defines who should be engaged within the community? On what basis?
o  Who qualifies as a resident of a community?
o Do migrants qualify as residents? Do temporary residents (e.g., seasonal workers, fishermen)

e Does anyone need to confirm/approve how the target population gets defined?

o If so, when? (e.g.,is it just before the consent process, is it early in the research process)
e Forthose who are in the area of influence (i.e., the area in which the released mosquitoes would
reach) but notdirectly impacted bytheentomologyactivities, are thereother obligations towards them in

e  What are the ethical obligation towards the population that is not directly impacted? General public?
e How do we define that a population is directly affected by an impact on their natural resources or
their use of this resource (e.g., if someone is not directly living where the impact takes place but depends
on this resource — economically, culturally, socially — and that this resource will be impacted by the

Fig. 4 Sample questions on defining communities for the Target Malaria agreement model used during the second consultations

according to their experience, knowledge of the spe-
cific questions, and authority on the topic, consider-
ing their participation in discussions about governance
and engagement for genetic approaches and gene drive.
Twenty-nine experts were consulted (some had already
participated in the first workshop). This group was geo-
graphically diverse, with a higher representation of
bioethicists (about 30%) and the presence of several
indigenous people (“indigenous people” refers to peo-
ple covered by ILO Convention 169 and the UN Decla-
ration on the Human Rights of Indigenous Peoples [44,
45]). Experts from other sectors not consulted in the first
workshop (from environmental conservation, humani-
tarian and development NGOs) were added to ensure
a comprehensive assessment. The integration of these
new disciplines and perspectives intended to reflect the
growing interest and debates that were taking place about
gene drive research and community decision-making
process in biodiversity conservation forums (whether at
the Convention on Biological Diversity meetings or in
the International Union for the Conservation of Nature)
and the concerns expressed by delegates from Indigenous
Peoples’ organizations.

Agreement model design and internal consultation
The various experts’ perspectives were considered to
elaborate a draft model. The clear conclusion from

all the consultations was that the model could not be
focused on a specific set of responses but rather a set
of questions the engagement teams should ask the
communities and themselves when operationalizing it.
For instance, it was impossible to provide a pre-deter-
mined definition of communities, but it was possible
to establish the need to work with members of a com-
munity and stakeholders in a given setting to define
this community. As a result of this consultation, the
project decided that part of the model would include
a set of questions in the form of a checklist that would
be used in the consultation with community members
and stakeholders to develop the operationalized model
for each territory.

Once the agreement model was drafted, all the pro-
ject’s functions were consulted on the proposed model
and commitments to ensure a project-wide alignment
and support on the proposed approach and their pos-
sible consequences on future milestones and timelines.
This consultation included perspectives from regula-
tory, risk, entomology, contained laboratory, molecular
biology, modelling, communication, and project man-
agement experts from all the Project partners (Project
partners are the different research institutions that
form Target Malaria [28]).
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Publication of the model

The publication of the process to elaborate the model
and separately of the model itself, is part of the over-
all process of building a legitimate agreement model for
the release of genetic approaches to malaria control. The
peer review process and the availability of the model for
scholars, practitioners, civil society groups, stakeholders,
and potentially community members are another step of
the ongoing consultation about the engagement model.

Further consultations for the model’s local implementation
After this updated agreement model is designed for the
intermediary phase of non gene drive fertile mosquito
release for research, the operational model will need to be
adapted to each local context, considering the concerned
communities’ inputs. The model provides a framework
within which community engagement teams can adapt
according to cultural values and socio-political dynam-
ics. A project-wide community agreement model aims to
ensure that all communities affected by Target Malaria
work on fertile strains of non-gene drive genetically mod-
ified mosquitoes follow the same guiding principles, even
if the specific operationalization of this model may differ.
Based on this agreement model, the project consultation
with the in-country stakeholders has started in coun-
tries of operation to implement the model in the specific
socio-cultural and political context.

A community agreement model development
process rooted in values
Inclusiveness
The community agreement model development was
based on an inclusive and open dialogue between project
teams, partners and external stakeholders, particularly
those from Africa and those with experience in stake-
holder engagement as a social science and its practice.
The absence of explicit norms about what constitutes
a legitimate, ethical, and adequate community-based
decision-making process for area-wide vector control
tools renders the task of developing agreement models
challenging, as researchers need to identify what could
be rightful and acceptable as they go. When Target
Malaria designed its original model used for entomo-
logical collections and the non-gene drive genetically
modified sterile male phase, the team based itself on
the existing literature [22] and existing practices of
similar projects [46, 47], as well as on internally avail-
able expertise. The adaptation of this model to the local
context was based on the co-development approach of
the project [36]. The institutional ethics review com-
mittee of IRSS’ Comité d’Ethique Institutionnel pour
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la Recherche en Sciences de la Santé (Institutional Eth-
ics Committee for Research on Health Sciences) which
hosts Target Malaria’s work in Burkina Faso reviewed
the original model. Before and during its implementa-
tion, the model was also widely shared with local and
national stakeholders, who provided further feedback.
The consultative approach was intrinsic to the model’s
development, aligning with the project’s values and
principles [48].

The composition of the workshop and the experts list
for the second consultation is intended to be inclusive
in terms of geographical representation and the field
of expertise and knowledge represented (for details on
this composition, refer to Consultative expert work-
shop and Interviews with experts sections).

Building trust and accountability

The recommendation which emerged from the experts’
interviews was for the project to clearly define its posi-
tion on community agreement and be explicit about
its commitments, ambitions and aims for stakehold-
ers to be aware of from an early stage. Additionally, the
experts highlighted the concepts of “procedural justice”
[49, 50] and “procedural legitimacy” [51] as fundamen-
tal elements that inform whether a community agree-
ment model is considered fair, ethical and responsible.
In this context, the process of developing a community
agreement model is considered as important as the
community agreement model itself. This advice led the
project to decide to publish a description of its process
and the future publication of the model.

In line with these recommendations, the model
establishes a clear reference framework, with commit-
ments, key questions, and a set of values, that would
be communicated publicly to a large audience and that
could be used to assess how the community agree-
ment model is operationalized in each context against
a set of criteria and questions. The publication of those
commitments and this reference framework will also
intend to provide visibility to communities partnering
with the project and hold Target Malaria accountable.
It is also expected that this framework could be a valu-
able tool for monitoring and evaluation. Being explicit
from an early stage allows the project and its stakehold-
ers to establish a reference framework to monitor and
evaluate how the agreement model is implemented, and
decisions are obtained from the community. This open-
ness and accompanying accountability are some of the
conditions to build trust and are a critical element to
a community agreement model which is aligned with
existing guidance, but which is not defined or imposed
by regulations.
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Differentiating the community agreement model
from the broader engagement model

The decision-making phase, resulting from the consul-
tation, is only a small part of the engagement spectrum
[52, 53]. It is often the most visible to external stake-
holders as it directly impacts the implementation of
activities. There is a different level of ethical responsi-
bility towards those who should be engaged for infor-
mation, feedback gathering and consultation and those
from whom a form of authorization (or agreement)
should be obtained before an activity (such as a release)
takes place. The basis for this difference relates to the
fundamental ethical principle of respect for persons
and the requirement to “protect the interest of those
who will be affected by the research” [27]. Appropri-
ate engagement is increasingly considered an ethical
requirement for global health projects, as it is a condi-
tion of communities’ empowerment, informed partici-
pation and decision.

This agreement model is aligned with NASEM defini-
tions [23], as the primary focus is on those potentially
impacted directly by project activities i.e. the com-
munities. The WHO Guidance framework for testing
genetically modified mosquitoes states that “efforts
should be made to ensure that communities, stakehold-
ers and publics are appropriately engaged and that host
communities for [genetically modified mosquitoes]
release are given the opportunity to provide legitimate
authorisation for the releases” [27].

While the community is the focus of the model,
stakeholders and the public not directly affected by the
project’s activities are engaged continuously through
information sharing, consultation and other methods to
ensure that their knowledge and perspectives are con-
sidered in the project activities and that their concerns
are addressed [36]. Inclusiveness of those other groups
is a fundamental principle of Target Malaria’s engage-
ment approach [48]. The publication of this paper will
contribute to informing stakeholders and the public
about this model. Conferences and media are opportu-
nities to collect feedback from global stakeholders and
the public. The in-country phase of the process will also
have specific activities to inform and collect feedback
from stakeholders and the public in countries where
the potential releases would take place. This engage-
ment also opens the possibility for those individuals
and groups to hold the project accountable to its pro-
posed approach and thus contributes to the model’s
procedural legitimacy.
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Looking ahead: developing a model for gene drive

mosquito field releases

The project progresses in phases, with gene drive mos-
quitoes being the last phase. There are other projects
that are developing area-wide approaches to vector
control that offer similarities with the intermediary
phase and learning opportunities. For example, Oxitec’s
sterile mosquito approach [54] is similar in terms of
spread and persistence to Target Malaria sterile male
mosquitoes and even to some extent to the non-gene
drive genetically modified male bias mosquitoes. Simi-
larly, the experience of the World Mosquito Program
with Wolbachia [55, 56] offers relevant considerations
for carrying engagement for area-wide vector control
with a technology that spreads and persists over time,
even though the Wolbachia mosquitoes are not regu-
lated as a genetically modified organism. However,
there are important differences between these projects
and Target Malaria in terms of key considerations for
a possible field evaluation. The questions related to
Wolbachia projects’ agreement model are mostly about
scalability and not so much about the spread and per-
sistence of the mosquitoes and potential transboundary
issues [41, 56, 57].

Table 1 summarizes the various area-wide technologies
for vector control and some of their respective complexi-
ties when designing a community agreement model.

While a lot can be learned from these other examples
and their experience [41, 58], significant differences exist
between those projects, the technology used, and the
considerations related to a possible field evaluation of
gene drive mosquitoes for malaria control (see Table 1).

The Oxitec technology used for dengue control (for
example, in Brazil or, more recently, in the United States)
is a self-limiting technology, requiring repeated releases
to maintain efficacy, and with only minimal disper-
sal potential of the released mosquitoes [59], given the
limited range of Aedes aegypti [60]. Similarly, while the
replacement Wolbachia approach is self-sustaining, the
spread of these bacteria in Aedes mosquitoes is relatively
slow and dependent on the density of the population [61,
62].

By contrast, based on mathematical modelling, the
spread and dispersal of gene drive in Anopheles mosqui-
toes is designed for and expected to be far more rapid
and extensive. These features make such gene drive
approaches desirable from the point-of-view of malaria
vector control; they would be expected to have a sus-
tained and long-lasting impact on mosquito populations



Page 10 of 14

(2024) 23:359

Sykes et al. Malaria Journal

42Jeasal 1oy

2oe|d a¥e)
1ybIW sanIADe

1uapadald
SWos apirold
ounbsow A|pusaiy

SWI} 13O S3UIPIP

paiinbai suones| [9poW 9yl  9sesjal 9yl aUsyM  D3LIXQO PUe ‘W Aduanbaily s111nq
-b3| [PrUSWIUOIIAUD Buiqudssp salydelboab  3j121s 9ALp 2uab ulells ay3 Jo Budsyo ayi o1 s201nbsow
JOWD Jopun  Jaded Buiwoddn SNOLIBA JSAO Uou eLieely ainjeu buniuwi| passed aq ued Bumiwsuesn uteis
siearosdde 101 ay3 Jo pue saded 1uswWaalbe Jo 19018 Y1 JO -J|9S 91 01 2uab ay1 ‘ulens elie[ew Jo anIq 3|13} dAUP duSbD
-e|nbau [euoneN S1Yy1 40 123(gNs Auxaidwod aseajal oy aNp paywiI] Bumwi-49s CI[MEE] uoissaiddng  -wbb sajaydouy  uou euele|y 19bie]
42Jeasal 1oy Juspadaid swos
paiinbai suones! papiroid ssibojou
-b3| [PrUSWIUOIIAUD -yda1 ]S 24042q s201nbsow
JOWD Japun Juswaaibe sa01nbsow sa01INbsow ajew
sjerosdde Aioy ANUNWIwIod 1oy pa1pa suab Jo A|1I21S 9Y1 01 1915 941 01 elieew Jo apnIg  3|1UA1S AP U
-e|nbau [euoneN [9POW S9A SUON 95e3[al ON aNp SUON aNp SUON| EIIENS uoissaiddng  -wpb sajaydouy  uou euele|y 1961
uolezuoyine Ayu
AIUNOD BY1JO  -NWILIOD JO UONeY ssonbsow
uone|siba| 3yl Ul -UsaWNdop Ou INg yeay Bumiwsuesy
paJinbai se sywiad 1uswabebus olignd urjou Inq Alju21s 8Y1 01 Auju=1s ay1 01 eliejewl Jo aniq
Aloie|nbal jeuolieN Alunwwod) SUON  ainynoube ul ||S aNp SUON aNp aUON EIENS uolissalddng -wpb sajpydouy sa0)nbsow ||§
1X9IU0D
[BUOIRU 3U1 O}
Buipiodde uon 210§3q asodind peauds |edl Bupds anbusp
Alunodayijo  -eyuawajdwi ul yieay ognd o) -ydelbosb paywll -0 2yl 01 paniul Jwsues) 0y $90)
uone|sibs| sy3 ul SDUBIRYIP YIM SIUSWUOIIAUS  S1D9sul Bulkiied  ndAbap sapayy 01 -Suell S| els1deq ssounbsow Jo -Inbsow piyopq
paJinbal se sywad |spow uow ueqgJn abue| -DIY2DGIO/ JO aNP MOIS INq 2|ydeq|oM Y1 AM|Ige 3Y3 Jo -jo welbold
Ki01e|nb31 [PUOHEN -wod e'san A1 Ul Aljigeleds 95321 ON [eIUBWISIDU| ‘BuiueIsns-J|os 3|1a4 uononpay ndAbap sapayy  01INbSON PO
(d1dodyueiyd io
[BIDISWIWIOD) 95N pasn
9|BDS SPIM PUB  2I9M WINPURISJSI
YdJeasal 1o} SN Ayl Ul ‘'uon pealds [ed] awlil J9AO SaulPap
paJIinbai suone|st -esuoyine Auu -ydeiboob paywil| - Adusnbaly suing
-3} |eIUSWIUOIIAUS  -NWWIOD JO Uonel 210j9q  1dAbaD sapay pue Bundsyo ayi 01 sa01Nbsow
JOWD J2pun  -UsWwndop ou 1nq SIUSWIUOIIAUD asodind yijeay S21IS1S10RIRYD passed oq ued Ausboud Bumiwsues Abojou
sjerosdde A101 1uswWabebus uequn abiel  d1gnd oy S31035Ul Buwi|-42s 01 2uab ay3 ‘urens 9/ewa) ou -anbuap jo -U291 ounbsowl
-e|nbai |euonen Aunwwod  Alaa ur Aljigeieds A9 JO 95ea|ai ON aNp palWI] Bunwi-j9s 'solew 3|11494 uolssalddng 1dAbab sapay Alpuali4 231X0
(ABojouyday
ay3 bujuiejdxa
Jo fyixadwod JUSWUOIIAUD
apisaq) |opow ay1 ol
|apow juswaaibe  asesjas ases|as JUSWUOIIAUS
suolesoyine juswaaibe  Ayunwwod ioy sy 01101d JUSWUOIIAUS BY) ayrul
/sjenoidde Ajunwwod saixs|dwod  ABojouydsi syl Ul uoIEdYIPOW  UOHEIYIPOW Y3 sapads K6ojouyda)
f101e|nBRY Bunsixy sypads 10j judpadAId ay1 jo peauds J0 9OUdSISIDd Annaa4 aAIR[qO oynbsop Jurens

[89-59 '/ 'L #7] S216OJOUYDR] |01IUOD J0IDIA IPIM-BIJR UIRW Y1 JO uosiiedwo) | ajgeL



(2024) 23:359 Page 11 of 14

Sykes et al. Malaria Journal

(oidoapueyyd)
SN 9]edS IpPIM pue
ydJeasal 1oy

awn ul
2ouaisisiad ay3
BulapIsUod
JusWaalbe ay3 Jo
Auxajdwod
‘suonedljdw Aie

uosued

-W0d 33 sadNnpal
sajaydouy pue
Sapay Uaamiaq
InoiAeYaq pue
peaids Ul 9oua13)
4IP3y ybnoyy
'3U0 DIYIDLq

-JO/ Y3 SE ||9M se
1uspadald sWos
IO ||Im Suleils

uonendod ay3 ul
1usanbayy alow
S9W023q AP

(9656 1on0
Ajjennuaod) Aua

paJinbai suone|st -punogsues) pue elejepy 190ie] ausboayrse  -Hboid syl jo uon
-b3 |eruswiuoiIAu saiydelboab snoinaid ayy uonesdusb  -1jodoid ybiy e ze soounbsow
JOWD Japun SNOLIPA JAO ‘soounbsow Yo 1e saseadul passed oq Bumiwsues
sjerosdde A101 1uswaalbe Jo 9ALIP duab Jo peaidsayr  pjnom auab ayy elielew Jo aDIq  UIB1S SAUP Sudb
-e|nbas [euonep 194 10N Auxa|dwod 95693l ON ‘[PIUSWIRIOU| ‘Bulureisns-49s CIEE! uoissaiddng  -wpb sajaydouy eleje|y 1061
(K6ojouyday
9y} bujuiejdxa
Jo fixajdwod JUSWUOIIAUD
apisaq) |]opow ay3 ol
|spow juswaibe  aseajal asea|al JUSWUOIIAUD
suolnesuoyine juswaaibe  Ayunwwod ioy sy 0110ud JUSWUOIIAUG BY) ayiul
/sjenoadde Anunwwod sanixajdwod  A6ojouydal ayl  uiuoned>yipow uoiledyIpow a3y} sapads ABojouypay
Kioje|nbay bunsixg oypads 10 Juspadaid ay3 jo peaids 40 @dUd)SISIad Anasg aA1123(q0 oynbsop Jurens

(penunuod) L ajqeL



Sykes et al. Malaria Journal (2024) 23:359

across vast rural areas of Africa without the need for con-
stant and repeated releases [63]. However, these same
properties of rapid and far-reaching spread also increase
the likelihood of transboundary movement. While not
relevant to other vector control approaches, these con-
siderations are important in future approaches to com-
munity engagement and community agreement [14, 64].
Specific information on the spread and persistence of
gene drive mosquitoes in the environment, and the possi-
ble transboundary implications of such releases have yet
to be determined empirically in field releases. However,
the transboundary dimension will be a crucial issue to
consider when developing the next iteration of the com-
munity engagement model. Some of the questions this
raises include what is expected regarding information,
consultation, and agreement of different communities,
in particular outside of the country of release, as well as
the roles and responsibilities of researchers and national
authorities and potentially the role of regional bodies.
Other considerations will also impact the development
of the next iteration of the agreement model, including
considerations of the scalability of agreement models to
match the possibly increasing scale of field evaluations.

Some of these discussions could already be initiated at
the regional level to envisage the ethical requirements
for engagement and agreement-seeking in such circum-
stances as they could be relevant to multiple projects
on gene drive for vector control. Guidance-setting and
policy institutions such as the World Health Organiza-
tion (and its regional offices), the African Union (and
its Development Agency AUDA-NEPAD) and regional
economic cooperation bodies (such as ECOWAS or the
EAC) have an important role to play in driving these con-
versations about community engagement and involve-
ment of affected communities in decision-making and
convene countries to these discussions early on, similarly
to what they are doing in the field of regulatory aspects.

The evolution of regulatory and policy conversations at
the regional level will also be a key determinant for any
future agreement model for gene drive releases, as these
will hopefully establish the responsibilities and duties of
researchers, public health actors, and other stakeholders
in the eventuality of a release.

Conclusion

Existing guidelines and best practices provide helpful
guidance for developers to consider when developing
community agreement models. However, there are gaps
in the guidance applicable to area-wide vector control, as
guidance documents tend to remain general. They do not
define the “community” to be consulted, mechanisms to
elicit a decision, acceptable levels of agreement and dis-
sent within a community, or any indicators to evaluate
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and measure whether the proposed models are ethical
and legitimate to affected communities and decision-
makers. As a result, developers committed to an ethical
and responsible approach to community agreement must
be proactive and begin to fill these gaps while prioritis-
ing a solid foundation of procedural legitimacy. Target
Malaria’s model design process attempts to reflect this
proactive, early-stage process to guide its teams in their
future strategic and operational planning.

As the project continues to advance through its devel-
opment pathways towards a potential release of gene-
drive mosquitoes for research, teams are anticipated to
continue consulting experts and stakeholders within their
countries and regions to gain deeper insights and under-
standings for the development of operational community
agreement models.
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