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ARTICLE INFO ABSTRACT

Keywords: As engineered gene drive technologies continue to advance, many actors are actively considering how envi-
Engagement ronmental risk assessments (RAs) for gene drive organisms should be conducted, and how stakeholder
Experts . engagement opportunities should be provided. There is, however, a lack of clarity concerning what constitutes
Gene drive . . .

. engagement on gene drive RA and, furthermore, what forms of engagement already exist around gene drive RA.
Insects, Risk assessment R . . .
Stakeholders To address this gap, we reflect on the actions of a risk assessor (the European Food Safety Authority, EFSA) and a

gene drive developer (Target Malaria) to understand: 1) the RA-related decisions that each are making con-
cerning gene drive technology for mosquitoes and other harmful insects, 2) the existing role of engagement in
those decisions, and 3) the implications for our understandings of engagement and RA. We found, first, that both
EFSA and Target Malaria have already made many RA-related decisions, even though any preparation and
evaluation of a formal RA for gene drive mosquitoes remains far off. This finding supports the idea that gene
drive RA involves multiple processes and decisions in different forms across the entire technology and regulatory
development process. Second, we found that both EFSA and Target Malaria have already integrated engagement
into their respective RA-related decisions in different ways, reflecting their different roles. We conclude by
considering how EFSA and Target Malaria could improve their existing RA-related engagement by explicitly

considering disciplinary diversity and worldview diversity in their related decision making.

1. Introduction

Scientists are combining gene-editing techniques and synthetic
biology to engineer gene drives in sexually reproducing animals. In-
dividuals carrying an engineered gene drive (which biases its own in-
heritance) can pass specific genetic changes to their offspring, enabling a
genetic change to increase in frequency and spread through inter-
breeding target populations. Depending on the engineered gene drive
system, theoretically, a genetic change of interest could spread through
target populations and persist indefinitely, or could be restricted in its
spread or persistence. Scientists are currently exploring the use of
engineered gene drive technologies in areas of global health, conser-
vation and agriculture. The most advanced cases involve the use of
engineered gene drives to suppress or replace target populations of
disease vectors such as mosquitoes that cause malaria. To prepare for
potential environmental releases (i.e., field trials) of gene drive
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organisms, developers, policy-makers, regulators, risk assessors,
engagement practitioners and academics are considering how to
conduct environmental risk assessment (RA) for such organisms (Con-
nolly et al., 2021; Devos et al., 2021a, 2021b, 2020a; Long et al., 2020).

Numerous calls for engagement relevant to RA have been integrated
into these efforts (Connolly et al., 2022; Delborne et al., 2018; Devos
et al., 2021a; NASEM, 2016; WHO, 2021). NASEM (2016: 131) defines
engagement in the context of gene drive as “seeking and facilitating the
sharing and exchange of knowledge, perspectives, and preferences be-
tween or among groups who often have differences in expertise, power,
and values”. Three justifications are often provided for such engage-
ment, including that it leads to more effective decisions, it leads to
trusted decisions, and people have a democratic right to inform de-
cisions that affect them (NASEM, 2016; Stirling, 2008). Engagement in
the context of RA means inclusive processes to incorporate values,
knowledge and experience external to the developers and risk assessors

E-mail addresses: sarah.hartley@exeter.ac.uk (S. Hartley), adam.e.kokotovich@gmail.com (A. Kokotovich), Yann.DEVOS@efsa.europa.eu (Y. Devos), j.

mumford@imperial.ac.uk (J. Mumford).

https://doi.org/10.1016/j.envsci.2023.02.009

Received 6 June 2022; Received in revised form 2 February 2023; Accepted 7 February 2023

Available online 24 February 2023

1462-9011/© 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


mailto:sarah.hartley@exeter.ac.uk
mailto:adam.e.kokotovich@gmail.com
mailto:Yann.DEVOS@efsa.europa.eu
mailto:j.mumford@imperial.ac.uk
mailto:j.mumford@imperial.ac.uk
www.sciencedirect.com/science/journal/14629011
https://www.elsevier.com/locate/envsci
https://doi.org/10.1016/j.envsci.2023.02.009
https://doi.org/10.1016/j.envsci.2023.02.009
https://doi.org/10.1016/j.envsci.2023.02.009
http://crossmark.crossref.org/dialog/?doi=10.1016/j.envsci.2023.02.009&domain=pdf
http://creativecommons.org/licenses/by/4.0/

S. Hartley et al.

(e.g. Connolly et al., 2022; Hartley et al., 2022). Engagement in RA is an
important component of the broader conversation about who gets to
decide whether and how biotechnologies should be used (Hartley, 2016;
Stirling et al., 2018; Wickson and Wynne, 2012). Some scholars have
explored how engagement could be incorporated into gene drive RA
(Kokotovich et al., 2020; Kuzma, 2019; Stirling et al., 2018). However,
there remains a lack of empirical cases examining engagement designed
to inform gene drive RA processes (Kokotovich et al., 2022). Further, a
recent analysis of documents contributing to the development of
guidelines for gene drive RA, which lay out how to conduct RAs and
what should be included in them, reveals a significant gap in how
engagement should be incorporated, particularly a lack of detail about
how to conduct engagement relevant to RA (Hartley et al., 2022).

To augment the literature exploring the current and potential role for
engagement in gene drive RA, we explore two distinct case studies
involving gene drive mosquitoes — one involving a risk assessor and one
involving a gene drive developer. Our objective is to better understand
the RA-related decisions that each are making, the existing role of
engagement in those decisions, and the implications for future un-
derstandings of engagement relevant to RA. The risk assessor is from the
European Food Safety Authority (EFSA) which reports to the European
Commission and has been actively involved in the development of RA
guidelines for environmental releases of gene drive organisms, including
mosquitoes. The gene drive developer is one of the teams in the Target
Malaria research consortium, working to develop gene drive mosquitoes
with national partner institutes that are likely to be among the first to
apply for the environmental release of a gene drive organism. Both ac-
tors play important, yet different roles related to gene drive RA and both
have initiated engagement related to RA.

EFSA has conducted engagement to inform its analysis of the ade-
quacy and sufficiency of existing RA guidelines for assessing the risks
from gene drive insects, including mosquitoes. Typically, it collects and
analyses existing research and data and provides scientific advice to
support decision-making by risk managers, which includes the devel-
opment of guidelines for developers to follow as they prepare applica-
tions that require RA. At the point where an application would be made
in Europe, EFSA would respond to a request from a risk manager for a RA
opinion. EFSA also has a clear mandate to conduct engagement. One of
EFSA’s five key values is “openness”, which it describes in the following
way: “Communicating openly and promptly on its scientific work helps
foster trust in EFSA. As well as being transparent, we aim to engage civil
society in our risk assessment work and connect with untapped scientific
potential” (EFSA, 2022). EFSA, because of its scope as a risk assessor and
its public mandate, addresses a more delineated set of RA-related
questions compared to the broader development-oriented scope of
Target Malaria, in which product specifications are continually focused
until a final product-specific application is achieved. For Target Malaria,
the gene drive product development process has involved a range of
choices related to how it identifies information needs, generates relevant
evidence and makes decisions affecting a potential product RA. Target
Malaria also has a commitment to engage and co-development is one its
four core values, which is heavily focused on engagement (Roberts and
Thizy, 2022).

Despite the related activities of technology developers and risk as-
sessors in developing processes for RA, few articles examine their ac-
tivities and decisions at the same time. Much of the empirical literature
on RA is focused on risk assessors’ activities, while the background de-
cisions made by product developers leading up to a formal product RA
have been less well documented until recently (e.g. Connolly et al.,
2021). As a collaboration of a risk assessor, a developer academic and
social science academics, we describe and reflect on: 1) EFSA’s decisions
involved in the evaluation of the adequacy and sufficiency of existing RA
guidelines for gene drive technology for harmful insects, including
mosquitoes; 2) Target Malaria’s decisions involved in the development
of gene drive mosquitoes for malaria control that may inform formal RAs
for product tests; and 3) how engagement is conducted across both of
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these processes. Our broad goal is to both clarify and improve how
engagement related to RA is conducted for gene drive mosquitoes.
Importantly, while we are examining the existing forms of engagement
related to gene drive mosquito RA, we are not analyzing the findings
from these engagement activities. Such an analysis would require its
own study. Rather, we are focusing solely on understanding the existing
decisions being made by EFSA and Target Malaria related to gene drive
mosquito RA and what form engagement is taking within these
decision-making processes.

Our findings are noteworthy for multiple reasons. First, we describe
how EFSA and Target Malaria have made many diverse RA-related de-
cisions prior to any formal RA. This supports the notion that RA-related
decisions involve more than just the formal process associated with a
technology developer’s preparation of a dossier and a risk assessor’s
application review. They also include a series of initial decisions made
during the technology development and regulatory assessment pro-
cesses by both developers and risk assessors/regulators, respectively.
This finding brings greater transparency and clarity to these initial RA-
related decisions and their importance. Second, EFSA and Target Ma-
laria have already conducted different types of engagement to inform
these RA-related decisions. In describing the two cases, we contribute to
the scholarship on engagement in RA and help to improve processes
related to RA for gene drive organisms and other genetically modified
organisms. Finally, we propose that engagement for RA-related de-
cisions should be for both epistemic and democratic ends. For epistemic
engagement, this requires strengthening the traditional focus on disci-
plinary diversity, but also broadening the engagement to include
worldview diversity.

2. Methods

We chose to employ case studies of gene drive technologies for our
methodology because such technologies contribute key insights about
RA and engagement (Flyvbjerg, 2006). First, it is likely that one of the
Target Malaria partner institutes in Africa will spearhead the first
environmental release of an engineered gene drive organism, although
there is no expectation that Target Malaria would make applications in
Europe or that EFSA would have any formal role in support of regulatory
decisions outside of Europe. Second, the openness of the actors involved
in gene drive (Ledingham and Hartley, 2021) brings the opportunity for
additional insights about what form RA will take and potential roles for
engagement. Third, the insights gained from this study have implica-
tions not just for gene drive technologies, but also for other instances of
RA, especially in other cases of RA where engagement is desirable.

The collaboration was dependent upon bringing together different
co-authors’ expertise and experience in order to provide new insights on
the topic addressed. The co-authors include: 1) a professor at the Uni-
versity of Exeter with expertise in politics, science and technology
studies (STS), risk analysis, and the governance of genetically modified
organisms (GMOs) and gene drive technologies; 2) a postdoctoral
research fellow at the University of Exeter with expertise in STS,
engagement, risk analysis, and emerging technology governance; 3) a
senior scientific officer at EFSA with expertise in biological/ecological
sciences and experience in environmental RA and the development of
RA guidelines for GMOs including gene drive insects; and 4) a professor
at Imperial College London with expertise in invasive species manage-
ment, agricultural economics and risk analysis who is leading Target
Malaria’s risk analysis for gene drive mosquitoes. This collaboration
allows a critical reflection on processes in which each of the participants
played a part, and presents an opportunity to learn from different per-
spectives (as done in other arenas, e.g., Zwart and Nelis, 2009).

This collaboration drew upon key insights from a variety of litera-
ture, including multi-sector collaboration (Rod and Paliwoda, 2003),
collaborative evaluation (Rodriguez-Campos, 2012), and responsible
innovation (Steen, 2021). The collaborative process involved the
following steps. First, the impetus for the collaboration involved an
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intersection of common interest and diverse expertise on the same topic.
This shared interest was identified when all four authors presented their
work at an interdisciplinary workshop on synthetic gene drives
(“Interdisciplinary Workshop on Synthetic Gene Drives, ”, 2021). Sec-
ond, the group met to identify the overarching questions of the collab-
oration, followed by individual meetings. One line of questions explored
EFSA’s process and related decisions involved in the evaluation of the
adequacy and sufficiency of existing RA guidelines for gene drive
technologies for harmful insects including mosquitoes. Other conver-
sations explored the process and related decisions involved in the
development of gene drive mosquitoes for malaria control by Target
Malaria, leading to applications requiring a formal RA. The discussions
focused on how engagement was conducted in these processes. The
decision processes and related engagement were mapped, and then all
four authors met to discuss the initial findings and their implications. A
draft manuscript was reviewed and further discussed by all authors
through meetings and email exchanges. Target Malaria has a standard
publication quality review process for authors who are part of the
project and changes were made to the manuscript to address reviewer
comments.

3. Two case studies of engagement on risk assessment
3.1. EFSA and risk assessment guidelines for gene drive insects

EFSA’s function is to advise on the safety of the food chain in Europe
from farm to fork. With its food safety assessments, EFSA — together with
European Union (EU) Member States — contributes to the protection of
human, animal, plant and environmental health and animal welfare.
Within its purview of food safety, the environmental release of GMOs,
including gene drive mosquitoes, is subject to RA and regulatory
approval. In the risk analysis process, the role of risk assessors such as
EFSA is to assess any plausible risk that a proposed environmental
release of a GMO may pose to human and animal health and the envi-
ronment, and recommend options for risk mitigation, if necessary, to
risk managers. Decisions to approve a release, given potential risk
management, are taken by risk managers. EFSA’s scientific advice on the
RA of GMOs is given through its scientific Panel on GMOs, which con-
sists of scientific experts from EU research institutes, universities or RA
bodies. Besides the assessment of environmental releases of GMOs, EFSA
is responsible for the development of RA guidelines.

To date, EFSA’s key contribution to gene drive RA has been the
development and publication of a Scientific Opinion which evaluates the
adequacy of its existing RA guidelines for gene drive (EFSA GMO Panel,
2020). While gene drive technologies have been mentioned in EFSA’s
previous genetically modified (GM) animal RA guidance (EFSA GMO
Panel, 2013), the first formal attention to gene drive RA, which led to
this Scientific Opinion, came as a result of an EC mandate to EFSA in
2018. International discussions on gene drive governance were to take
place at the Cartagena Protocol on Biosafety Meetings of the Parties in
2020 (Keiper and Atanassova, 2020). To prepare, the EC asked EFSA to
assess whether its existing RA guidance for GM animals (EFSA GMO
Panel, 2013) is adequate (i.e., of a minimum quality threshold, but
requiring additional guidance) and sufficient (i.e., fit for purpose as is
without need for further guidance) for gene drive technologies and what
the possible risks from such technologies might be. While the EC often
mandates EFSA to develop new guidelines for a particular technology
proposed for use, given that gene drive technologies are still under
development and not yet being proposed for use in the EU, the EC
decided to first focus on the adequacy and sufficiency of existing RA
guidelines. The EC mandate requested that EFSA:

“assess, through a problem formulation exercise, whether: (1) the
deliberate release of genetically modified organisms (GMOs) containing
engineered gene drives (termed hereafter as gene drive modified or-
ganisms [GDMOs]) could pose risks and potential novel hazards to
human/animal health and the environment, considering relevant
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comparators; (2) the scientific considerations/requirements given in its
previously published guidelines for the risk assessment of genetically
modified animals (GMAs) (EFSA, 2013) are adequate and sufficient for
GDMOs; and (3) there is a need for updated guidance in relation to
previous documents (EFSA, 2013).” (EFSA GMO Panel, 2020, p. 3).

One of EFSA’s first tasks was to negotiate the mandate. As a result of
the standard negotiation process between EFSA and the EC, the scope of
the mandate was, at EFSA’s request, narrowed to focus on gene drive
technology related to harmful insects (e.g., disease vectors, agricultural
pests and invasive species) and broadened to include a stakeholder
workshop and online consultation (EFSA GMO Panel, 2020, p. 10). EFSA
worked with its GMO Panel to begin the process of developing the Sci-
entific Opinion. The GMO Panel is a standing committee currently
composed of 16 scientists who come from EU research institutes, uni-
versities or RA bodies, and have expertise in food and feed safety,
environmental RA, and molecular, phenotypic and compositional
characterization of GM plants and derived food and feed products. The
GMO Panel, with the support of its expert working groups and EFSA,
provides scientific advice to risk managers such as the EC and European
Parliament on any possible risks that the deployment of GMOs may pose
to humans, animals and the environment (EFSA, 2021). To fulfill its
mandate, EFSA and the GMO Panel designed and implemented four
formal processes, outlined in Fig. 1, that included: 1) creation of an
expert working group and selection of its chair (EFSA and the Panel’s
responsibility); 2) stakeholder workshop (EFSA’s responsibility); 3)
hearing expert testimony to the expert working group (EFSA and chair of
expert working group’s responsibility); and 4) online public consulta-
tion (EFSA’s responsibility). These four processes contributed to the
development of the Scientific Opinion on the adequacy and sufficiency
of existing RA guidelines for gene drive insects. YD was the EFSA project
manager for the Scientific Opinion and JM contributed to the expert
working group. The GMO Panel endorsed the resulting Scientific
Opinion on October 14th, 2020 and it was published on November 12th,
2020.

Following the mandate negotiation, EFSA created the Gene Drive
Expert Working Group (‘expert working group’). The final expert
working group consisted of five members (two from the GMO Panel and
three external members) and met 22 times from February 7, 2019 to
September 28, 2020 (EFSA GMO Panel, 2020). The selection of in-
dividuals for the expert working group was shaped by the need for: 1)
entomological expertise to complement the GMO Panel’s expertise,
which is largely plant-related, and expertise with existing RA guidance
development; and, 2) avoidance of potential conflicts of interest, as
defined by EFSA policies (EFSA, 2018). In addition, selection was sha-
ped by an implicit need for: 3) geographical representation and gender
diversity; and 4) individuals who could work productively with others.
The five members of the expert working group were men from the
United Kingdom (3), France (1), and Germany (1) with expertise in
arthropod genetics, insect biotechnology, disease vector/pest control
strategies, ecological modelling, community ecology, the molecular
characterization of GMOs, environmental RA of GM insects, and RA of
invasive species (EFSA GMO Panel, 2020). The GMO Panel tasked them
to assess whether the existing EFSA RA guidance for GM animals was
adequate and sufficient for the molecular characterization, environ-
mental RA, and post-market environmental monitoring of gene drive
insects (EFSA GMO Panel, 2020, p. 12).

The third set of decisions involved a stakeholder workshop, which
was an unusual and noteworthy engagement activity for EFSA. This was
the first time that EFSA had, in the field of biotechnology, held such a
workshop early in the process. EFSA believed such an engagement ac-
tivity was necessary due to the nature of the current social debate on
gene drive technologies (e.g., Foote, 2020), the need for greater dia-
logue, and the need to align with its policy on openness and trans-
parency (EFSA GMO Panel, 2020). The workshop was held on 15th May,
2019, relatively early in the expert working group’s process (Feb-Sep),
with the goal to invite stakeholders to discuss the potential risks
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Step A | European Commission mandate (June 2018)

Decision
What to negotiate to =l
include in mandate?

Step B | Expert working group (Group met from February 2019 — September 2020)

Decision
Who to include in
expert working group?

Five experts selected by EFSA work to assess if the

==y existing EFSA risk assessment Guidance for GM animals is
adequate and sufficient for gene drive insects by meeting
22 times

Step C | Stakeholder workshop (Held in May 2019)

Details
Stakeholders from 38 organizations (incl. academia,
NGOs, industry and government agencies) covering 16
countries discuss risks of the deliberate release of gene
drive insects into the environment to help frame and
contextualize questions for the expert working group

Decision
How to design and
who to invite to
stakeholder
workshop?

— —

Step D | Hearing expert testimonies (During working group meetings 2019 — 2020)

Decision
Who to include as

Details
Seven experts with relevant knowledge contribute to one

respond to online

consultation? different interested parties/persons. Answers were

provided by EFSA to comments received

Details —Dsllc\:e;a:fl &
EFSA works with EC to specify its mandate from the EC > activif:ies to
and then determines what activities to conduct to
address
address mandate
mandate
Deliverable
Details Scientific

Opinion on the
==l 3dequacy and

sufficiency of

existing
guidelines

Deliverable

Inform expert
working group

Deliverable

hearing experts and === or more expert working group meetings by sharing ===l |nform expert
what information to expertise, data, reports, and publications and answering working group
ask for? questions
Step E | Online consultation (Held from February 2020 — April 2020)
Decision Detalls
How to desien and Online public consultation held to receive feedback on Deliverable
& ===l the draft Scientific Opinion. Received comments from 36 ===l |nform expert

working group

Fig. 1. Key steps in EFSA’s pathway for evaluating the adequacy of existing RA guidelines for gene drive insects.

associated with the environmental release of gene drive insects to help
frame and contextualize questions for the expert working group (Devos
et al., 2020c). Stakeholder workshop participants were from 16 coun-
tries, represented 38 different organizations, and represented a variety
of sectors including: academia, the non-governmental organization
(NGO) sector, industry, and government agencies.

In the workshop, participants heard presentations from experts in the
morning and in the afternoon discussed one of two hypothetical problem
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formulation exercises on low threshold gene drives (which are predicted
to spread from a small number of released individuals) to control: 1) the
Asian tiger mosquito (Aedes albopictus), a vector responsible for dengue
transmission in southern Europe, and 2) Spotted-wing drosophila
(Drosophila suzukii), a pest of soft fruits across much of Europe. EFSA
sent briefing notes to workshop registrants ahead of the workshop, so
they could prepare themselves. For each case study, stakeholders were
invited to:
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“(1) identify relevant broad protection goals and make them opera-
tional for use in environmental risk assessment;.

(2) formally devise examples of plausible pathways to harm that
describe how the deployment of gene drive modified insects could be
harmful;.

(3) formulate example risk hypotheses about the likelihood and
severity of such events;.

(4) identify possible information that would be useful to test these
risk hypotheses; and.

(5) identify how to acquire new data for hypothesis testing when
existing information is deemed insufficient for regulatory decision-
making.” (Devos et al., 2020c, p. 1).

Results were captured in a summary report (Devos et al., 2020c) and
the expert working group considered the outcomes of the stakeholder
workshop in its formation of the Scientific Opinion. This workshop
provided EFSA with valuable lessons for future stakeholder engagement
activities. For example, discussion might have been more substantive if
the workshop had been longer and included fewer participants to enable
a more open dialogue on the full range of issues at stake. A professional
moderator could have helped to facilitate discussions in the breakout
sessions and avoided domination of the discussion by a few stake-
holders, which hampered open and free deliberation. The issues under
discussion were highly complex and to some extent novel, and the very
technical and scientific framings of the subject matter limited the pos-
sibility to discuss the different worldviews underlying technical de-
cisions of risk, which mattered for many stakeholders.

In the fourth step, EFSA and the expert working group chair jointly
decided to invite seven other hearing experts with relevant knowledge
to contribute to one or more expert working group meetings by sharing
expertise, data, reports, and publications and answering questions.
These expert scientists held the following types of expertise: arthropod
genetics, conservation biology, insect biotechnology, disease vector/
pest control strategies, ecology, molecular characterization of GMOs,
environmental RA and post-market environmental monitoring of GM
insets and RA of invasive species.

The last activity involved EFSA’s online public consultation to
receive feedback on the GMO Panel’s draft Scientific Opinion from
interested parties. This feedback was analyzed, summarized in a report
(Devos et al., 2020b), and taken into consideration by EFSA, the expert
working group, and the GMO Panel during the revision and completion
of the Scientific Opinion (EFSA GMO Panel, 2020). As part of this, an-
swers were provided to the comments received during the online
consultation. The public consultation was open from 17th February to
24th April 2020 and received comments from 36 different interested
parties/persons, including new actors beyond established participants
(Devos et al., 2020b).

A variety of factors influenced how EFSA incorporated engagement
into its process to develop the Scientific Opinion. First, for both the
expert working group and formal expert testimony there was a tension
between achieving the expertise deemed necessary and achieving a
gender and geographical balance. Ultimately, EFSA chose to ensure the
necessary expertise was present, thereby constraining opportunities for
engagement, and indirectly highlighting the importance of how we
envision diversity within groups of experts (see Section 4). Second, there
was a tension between efficiency and broad inclusion (e.g., with respect
to worldviews and breadth of issues considered). Third, and relatedly,
there was a choice between: 1) providing the EC a single Scientific
Opinion based on the most dominant set of perspectives (or worldview)
that emerged during the completed actions; and 2) including within the
Scientific Opinion a secondary set of perspectives, not in alignment with
the dominant ones, that emerged during the stakeholder workshop and
public consultation (Devos et al., 2020b, 2020c). Fourth, there were
resource constraints, expertise constraints (e.g., lack of social science
expertise), and time constraints that impacted the design of these
actions.
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3.2. Target Malaria and environmental RA for gene drive mosquitoes

Target Malaria is a not-for-profit research consortium that “aims to
develop and share new, cost-effective and sustainable genetic technol-
ogies to modify mosquitoes and reduce malaria transmission” (Target
Malaria, 2021). Target Malaria is developing suppression gene drives
that would complement other control measures (e.g., bednets, insecti-
cide) directed at Anopheles malaria vectors affecting countries in West
and East Africa. Its research follows a stepwise process (WHO, 2021)
that ultimately would lead to the development and deployment of a
persistent (i.e., self-sustaining, non-localized) gene drive for managing
malaria transmitting mosquitoes. Through these steps, Target Malaria is
developing and testing different strains of mosquitoes to design an
eventual product strain that achieves intended characteristics of safety,
efficacy, sustainability and acceptance.

As a developer, Target Malaria, along with future implementation
partners, determines the genetic strain that it would make available for
vector control, the environmental release approach proposed for its use,
and the expected efficacy targets. Applications for field testing, and
many of the steps leading to a final deployment decision, would be
subject to a formal RA directed by relevant authorities in the countries
involved. The consortium must anticipate the eventual RA requirements
and gather appropriate evidence to meet those needs. Target Malaria’s
gene drive project builds on its experience with previous genetic control
technologies such as GM sterile mosquitoes and is concerned with un-
derstanding, prioritizing, and investigating potential risks, and prepar-
ing for regulatory submissions related to gene drive mosquitoes for
environmental release. Specifically, this approach involves four pro-
cesses: 1) identification of relevant topics of concern and decisions about
whether they need additional study, management actions, or commu-
nication actions (see Fig. 2); 2) prioritization of scientific studies on
topics of concern; 3) conducting and commissioning studies; and 4)
identification of topics for inclusion in regulatory submissions and up-
dates (see Fig. 3).

Target Malaria is organized into functional teams related by disci-
pline and into working groups that bring staff from different disciplines
together to address specific tasks. There are seven key teams within
Target Malaria that take part in RA processes: 1) Science; 2) Risk; 3)
Regulatory Affairs; 4) Modelling; 5) Stakeholder Engagement; 6) Com-
munications; and 7) Management. The roles and tasks of each of these
team is briefly outlined in Table 1.

The Science Teams represent over half the staff in the consortium,
while the Risk, Regulatory and Modelling Teams together are approxi-
mately 15 % of the overall project consortium’s staff, each representing
5 % of the project staff. The two dedicated Engagement and Commu-
nication Teams comprise about 25 % of consortium staff, with the ma-
jority in the Stakeholder Engagement Team. Many individuals across
these teams work part-time in other roles to foster the cross fertilization
of ideas and experiences. Target Malaria also creates cross-cutting ad
hoc working groups across the teams as needed. For example, there are
working groups on strategy, product development, insectary operations,
field studies, and strategic environmental assessment.

A key part of Target Malaria’s approach to RA is the ongoing process
of identifying relevant topics of concern that need further study, man-
agement actions, or communication actions (Fig. 2). There are six routes
by which topics of concern are identified and each involves a different
type of engagement:

1) Stakeholder Engagement and Communication Teams identify topics
of concern from interactions with local communities and stake-
holders (including expert and non-expert stakeholders and local and
international stakeholders) and from monitoring local and interna-
tional media sources and meetings;

2) Risk, Science, or Regulatory Teams identify topics of concern during
the course of their work or through interactions with peers;
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Step 1A:
Identify relevant topics

Target Malaria Stakeholder

Step 1B:
Determine necessary action

Engagement and Communications
Teams identify relevant topics of
concern from interactions with
local communities, stakeholders
(expert & non-expert; local and
international) and by monitoring
local and international media

Who involved:
Stakeholders &
communities

Target Malaria Risk, Science,
Modelling or Regulatory Teams
identify relevant topics of concern

Previous studies conducted or
commissioned by Target Malaria
identify relevant topics of concern

“Pathways” interdisciplinary expert
review process identifies relevant
topics of concern

Who involved: Technical experts

Who involved:
Technical experts

Independent studies reviewed by
Target Malaria identify relevant
topics of concern

Target Malaria Ethics Advisory
Committee identifies relevant topics
of concern

U T S

Deliverables

Target Malaria
teams discuss
identified topics in
formal and informal
discussions, and
make decisions that
result in three
outputs

Specified scientific
studies to address topics
that require further study

Decisions may be
substantively
informed by

“Pathways” expert

group, by previous
studies, technical
literature,
international and
national guidance,
and national
regulatory
requirements in
partner countries

Management actions to
address relevant topics of
concern

Communication actions
to address relevant issues

Fig. 2. Target Malaria’s first steps to identify relevant topics of concern and initial actions in response. The process is depicted as generally linear and the sources are
shown separately to indicate the general flow and function; in practice there is considerable iteration and interaction.

3) Studies conducted or commissioned by Target Malaria identify topics
of concern;

4) Interdisciplinary review workshops with internal and external expert
participants (e.g. Connolly et al., 2021, 2022) following up topics
identified in project initiatives;

5) Independent studies reviewed by Target Malaria teams identify
topics of concern;

6) Target Malaria Ethics Advisory Committee can identify areas of
concern.

The interdisciplinary expert review (point 4 above) involved an
interdisciplinary group of researchers — including social scientists, eth-
icists and natural scientists — providing feedback (Connolly et al., 2022)
on risk pathways previously identified by Target Malaria (Connolly
et al., 2021). Target Malaria organized this interdisciplinary review
because of its commitment to transparency and because it wanted to
efficiently facilitate feedback on the Connolly et al. (2021) “Pathways”
paper. Target Malaria chose participants across four key fields of study:
ecology, regulation, communication, and modeling. It selected in-
dividuals who could commit to all parts of the process and who were not
deemed to be categorically opposed to gene drive technology. This
approach attempted to demonstrate how the project could articulate
pathways related to concerns and get diverse feedback with practical
recommendations on how to address them.

Once a topic of concern has been identified, there are then formal

188

and/or informal discussions among project teams and working groups
culminating in decisions resulting in three possible outputs (scientific
studies, management actions, communication actions) (Fig. 2). These
discussions and decisions may be substantively informed by previous
studies, existing international and national guidance, national regula-
tory requirements, or by the interdisciplinary expert review workshops
and papers. When specifically considering topics of concern raised by
communities and other stakeholders through the Stakeholder Engage-
ment and Communication Teams, some of the criteria that Target Ma-
laria uses for determining whether a topic is added to the list for further
study include: How important the topic is to communities and stake-
holders, if effective scientific studies can be designed and conducted to
investigate the topic, and if the event chain for the concern is deemed
scientifically plausible and rational. If a topic is included on the list of
scientific studies, that signifies that Target Malaria finds the topic
important and feasible to study. There are over 100 scientific studies
that are being carried out from this list, with the actual number varying
based on how studies are aggregated. Topics on the list include, for
example: 1) Would vector competence be different for a gene drive
mosquito strain compared to non-gene drive mosquitoes?; and 2) Would
the use of a particular gene drive mosquito strain adversely affect any
vulnerable ecological trophic networks? Topics are added to and drop-
ped from the list based on changing scientific, ecological and societal
contexts. For example, if new scientific findings deem an existing study
on the list is no longer relevant, then that study may be removed from
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Step 2: Prioritize scientific studies

Details
. M_ . Target Malaria teams prioritize studies based on relevance Deliverable
Who Llfst of §peC|f|¢?d and efficiency: Prioritized
involved scientific s.tudles = 1. Relevance of topic to project/communities/stakeholders? - eten
TWperts on topics 2. Studies that quickly and easily identify pathways to discontinue; e
identified for short-term needs that enable promising products? .
further study 3.  Studies that would be efficiently done as a logical series? studies
4. Who is available and capable to do needed studies?
Step 3: Conduct or commission studies or assessments
Inputs Details
Who Scientific studies Target Malaria teams organize technical studies:
involved and assessments 1.  Collect existing background data from literature, partners, etc. Deliverable
W identified by == 2. Conduct new scientific studies or assessments themselves, or - m
. 3 Commission external researchers to conduct studies and .
other project, peers, studies
assessments, and
experts stakeholders and 4.  Cooperate with external assessments commissioned by funders,
regulators regulators or other relevant bodies

Step 4: Decide what information to include in regulatory submissions and updates

Inputs Details

Who Completed National Partner institutes submit dossiers to regulators: Deli bl
involved studies and Based on requirements set by national regulators in partner countries, %

_ i insti i i i egulator
T™ experts protocols - Target Malaria Partner institutes, with I.!egl.JIatory, Risk, Scn.ence, g lat Y
Stakeholder Engagement and Communications Teams, decide what submissions

& relevant to . . : . . ,
information to include in regulatory submissions and updates; and updates
Regulators regulator additional public communications would also be presented;
requirements participation in public consultations may be required

Fig. 3. Target Malaria’s second, third and fourth processes to 2] Prioritize scientific studies on topics of concern; 3) Conduct and commission studies; and 4) Identify
topics for inclusion in regulatory submissions and updates. These processes focus on the decisions that emerge from the first process, outlined in Fig. 2. The process
illustrates a broad sequential process, which involves many different lines of issues proceeding at different rates; there are numerous iterations within the general

gathering of evidence.

the list.

Target Malaria’s second process involves prioritizing the importance
of topics for study and determining the order and location in which the
many identified scientific studies should be conducted (Fig. 3). These
prioritization decisions are made based on efficiency and practicality
criteria. Guiding questions for prioritization include, for example: What
studies could most quickly and easily identify strains or potential
research products that should be abandoned, before additional effort is
wasted on their development? What studies are best conducted together
at the same time and location? Who is available to conduct studies (e.g.
capacity, skills, cost, etc.)? What studies address the topics of greatest
concern to communities, other stakeholders, such as regulators, or
Target Malaria team members?

Target Malaria’s third process involves conducting or commissioning
the necessary studies. The Science Teams perform many of these studies,
but Target Malaria also commissions external providers for some studies
to draw upon needed expertise and/or serve as an independent quality
check. For example, Target Malaria commissioned external researchers
to conduct vector competence studies on the GM sterile male strain due
to their experience and expertise in conducting routine studies of this
type. Independent RAs conducted by Australia’s Commonwealth Sci-
entific and Industrial Research Organisation (CSIRO) on Target Malaria
self-limiting sterile male strains (Hayes et al., 2015) have been carried
out during earlier stages in the stepwise development pathway, and
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similar independent RAs are expected to inform future applications
leading to gene drive mosquitoes.

Target Malaria’s fourth process involves identifying information to
include in regulatory submissions and updates. Regulatory submissions
will be made by Target Malaria national partner institutions, using data
from the consortium and external sources. These decisions are primarily
informed by the regulatory mandates in the African countries where
Target Malaria works. Target Malaria, including its national partners,
works with regulators on all actions relevant to regulatory approval,
keeping regulators informed in general about what is being done and
responding to specific queries as they arise. Actions that require regu-
latory approval vary from creating contained use facilities for testing, to
releasing non-gene drive GM sterile male strain mosquitoes into the
environment, to ultimately releasing a particular strain of gene drive
mosquitoes into the environment. In any future regulatory application
for the environmental release of gene drive mosquitoes, Target Malaria
and its national partner institutions will make decisions about what
materials to include within the application in consultation with and at
the direction of national regulators and/or their independent risk as-
sessors. As developers and potential applicants, Target Malaria and its
partners need to be able to communicate their intended plans effectively
to regulators and other relevant parties in study or release scenarios in
which it can be shown that evidence addresses each clearly identified
pathway to harm. While regulators must interpret what data is needed
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Table 1
Description of Target Malaria’s Teams.

Team Description

Science Includes a broad group of over 100 geneticists and
ecologists with expertise in molecular and synthetic biology
and ecology. They are charged with developing the gene
drive technology in the laboratory and establishing
background ecology and genetics in the field. These experts
are organized in clusters across numerous institutions in
multiple countries, with many working on gene drive along
with other complementary academic roles.

Risk Addresses issues related to risk and product performance
across the project and includes individuals with expertise in
RA and risk management, standard practices and audit, risk
modelling, and information management.

Responsible for preparing evidence for regulatory
submission and includes individuals with expertise in the

Regulatory Affairs

technology, dossier management, identifying regulatory
science requirements, and compliance management.
Addresses fundamental and applied questions related to
spatial and temporal dynamics of gene drive persistence,
spread and impact.

Responsible for opening and maintaining dialogue with
stakeholders at local, regional and national levels to ensure

Modelling

Stakeholder
Engagement
project understands stakeholder views, listens to concerns
and integrates these perspectives in project development.
Includes communication experts who track and contribute
to relevant media coverage, and communicate the purpose,
science, and implications of Target Malaria’s different
projects.
Coordinates all activities, relates tasks to milestones and
project deliverables, and liaises with funders and partner
institutions.

Communications

Management

for an effective RA, developers should be contributing to that process by
describing how evidence on their intended applications is relevant to
perceived potential risks. This also allows other stakeholders to provide
additional evidence and viewpoints relevant to the protection goals
addressed by national regulatory authorities.

A variety of factors influence how Target Malaria involves stake-
holders across these four processes. One factor involves the very defi-
nition of stakeholder. For example, the Stakeholder Engagement Team
largely focuses on local stakeholders, communities near insectaries or
release sites, national authorities, and the general public. Target Malaria
also, however, defines scientific peers and regulators as stakeholders
that should be engaged in its RA activities. In this way, the Stakeholder
Engagement Team engages with some stakeholders, while other groups
within Target Malaria may involve other stakeholders. In addition, there
is overlap across teams on engagement: for example, one of the Stake-
holder Engagement Team leaders had a major part in the Pathways
interdisciplinary expert review process, and individuals from the Sci-
ence Teams work with the Stakeholder Engagement Team on inter-
preting concerns and acquired knowledge, and with the Communication
Team on messaging in response to concerns. This engagement informs
and learns from the wider context of project engagement. Another factor
impacting how Target Malaria involves stakeholders is in the criteria the
project uses to identify which topics of concern identified by stake-
holders are relevant for additional study. Target Malaria decides what is
a scientifically rational and plausible topic and therefore potentially
worthy of additional study. This is a consequential judgment that im-
pacts whether and how stakeholders are involved, if indirectly, in
determining topics for further scientific study.

4. Reflections on engagement on risk assessment by EFSA and
Target Malaria

Three principal reflections emerged from this work. First, gene drive
RA is not simply concerned with a technology developer’s preparation of
an application for use, including evidence for a formal RA, and its review
by arisk assessor. Instead, it involves multiple processes and decisions in
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different forms across the entire technology and regulatory development
process. Although they share an interest in assessing the risks of gene
drive insects, EFSA and Target Malaria actions are driven by their very
different roles within the RA process. EFSA is a risk assessor following a
given mandate to assess specific product and use applications. In this
role, it reviewed the adequacy and sufficiency of existing RA guidelines
using an expert working group, a stakeholder workshop, expert testi-
mony, and an online public consultation on its draft findings. Target
Malaria is a research consortium developing gene drive mosquitoes and
so explores a broader range of RA-related questions along multiple
product development routes with a process that includes, for example:
identifying topics of concern for additional study, selecting which topics
to study and in what order, conducting or commissioning studies, and
anticipating what information is required for regulatory submissions.
EFSA and Target Malaria are engaging with academic, stakeholder ex-
perts, and publics to ensure their respective roles and processes are
effective. For EFSA, the evaluation of the Scientific Opinion proceeded
in a more-or-less linear fashion, while Target Malaria’s approach has
been more iterative and integrated into its technology development
process. In both cases, these are the first steps on a longer journey.

Second, EFSA and Target Malaria both integrated engagement into
their respective approaches, recognizing the need for engagement on
various decisions and incorporating it in some novel ways. For example,
EFSA used a stakeholder workshop to obtain a broader set of views about
gene drive risks (Devos et al., 2020c) — something it does not normally
do. Target Malaria incorporated engagement in multiple ways, with
different actors and for distinct purposes. Target Malaria’s Stakeholder
Engagement, Communication, Science, Risk and Regulatory Affairs
Teams all engage with their respective peers and others in the assess-
ment of risk. These efforts are directed towards an effective and efficient
process of creating a product with appropriate performance and safety
characteristics. Target Malaria has recently taken a novel step in pub-
lishing its investigation of potential pathways to harm, part of the
problem formulation stage of RA (Connolly et al., 2021). In addition to
its Stakeholder Engagement Team helping to identify topics of concern
at community and national levels, the project also designed an inter-
disciplinary expert review process to elicit feedback on its risk-related
work (see Connolly et al., 2022). This has opened up this stage of RA
more than has often been the case in biotechnology development and
gives the consortium an opportunity to learn further from academic,
public and other stakeholder responses to the scenarios, structures, logic
and evidence needs.

EFSA and Target Malaria also pursued engagement in different ways,
reflecting their different roles and purposes. EFSA is a public agency
required to follow consistent processes related to both how it conducts
RA and engagement. It followed its normal technically-driven process to
assess the adequacy and sufficiency of its existing GMO RA guidelines
for gene drive technologies when there was a formal mandate to do so
from the EC. Each of the stakeholder and public engagement steps it took
(stakeholder workshop and online consultation) required different types
of deliberations and agreements within EFSA or the EC. Target Malaria,
as a gene drive product developer, is constrained by the need to prepare
application dossiers with technical evidence that can be reviewed by
regulators. However, as an independent, non-profit research consortium
largely set in academia, it has many options in deciding how it prepares
that risk evidence and who it wants to involve. As a result, it has greater
flexibility in its processes, including how it incorporates different types
of engagement (from communities and other stakeholders), to prepare
for the formal stage of RA carried out or commissioned independently by
a regulator.

Third, while EFSA and Target Malaria have demonstrated different
and novel ways to incorporate engagement, there may still be oppor-
tunities to learn from these and strengthen future engagement efforts. To
understand how, it is helpful to think about engagement in terms of
democratic and epistemic rationales. Democratically motivated
engagement concerns actions taken to achieve basic democratic norms
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such as transparency and the ability for stakeholders and the public to
inform and participate in decisions. Epistemically motivated engage-
ment concerns actions taken to ensure that the production of knowledge
is relevant, rigorous and robust (NASEM, 2016; Stirling, 2008).

EFSA’s process involved engagement that was democratically and
epistemically motivated. Democratic motivations focused on ensuring
stakeholders and the public have a chance both to name risks they are
concerned about, and to review draft documents. The stakeholder
workshop and online public consultation successfully involved new
stakeholders, helped identify risks of concern, and helped map the
divergence of views on this issue. The stakeholder workshop ultimately
fell short of its full potential to contribute epistemically by substantively
informing problem formulation for reasons discussed in Section 3.1.
Interestingly, the selection of members of the expert working group is
also concerned with broadening epistemic inputs, yet this selection was
not viewed as a form of engagement by EFSA.

Target Malaria engagement activities span both democratic and
epistemic dimensions. The Stakeholder Engagement and Communica-
tion Teams, which reach out to local communities and other stake-
holders, are both democratically and epistemically motivated. The
primary aims of engagement are ensuring transparency and enabling
communities and stakeholders to have a chance to identify concerns
they might have about the technology. However, the engagement
captured by Target Malaria’s expert pathway review panel is more
clearly epistemic in nature, seeking to include a breadth of interdisci-
plinary views with participants selected for their knowledge. It followed
up on its publication of the potential pathways to harm with a series of
expert workshops with ecologists, regulatory scientists and social sci-
entists. Such engagement enables Target Malaria to test assumptions
about what people in these communities know and value. Both case
studies show the importance of recognizing and fostering democratic
and epistemic engagement on RA processes for environmental releases
of gene drive insects. These case studies also show that the form dem-
ocratic and epistemic engagement take will be different based on the
specific constraints and opportunities facing differently situated
organizations.

Epistemic engagement involving experts requires strengthening the
traditional focus on disciplinary diversity, but also broadening engage-
ment to include worldview diversity, which might include experts in the
same discipline who hold different worldviews. This need emerges from
the realization that people who share expertise in a particular discipline
may make RA-related decisions differently based on their risk tolerance
(e.g., risk seeking or risk averse), relationship to nature (e.g., exploit-
ative, utilitarian, caretaking), relationship to technology (e.g., techno-
logical optimist, agnostic, critic), and relationship to governmental
regulation (e.g., type and degree of governmental regulation required
for societally beneficial technology to be developed) (Flint et al., 2013;
Holifield, 2012; Whyte et al., 2016). These forms of diversity may
impact the problem formulation step of RA (e.g., how one defines spe-
cific or operational protection goals, relevant adverse effects, and
needed studies) as well as other parts of RA (e.g., how extrapolations are
made, levels of acceptable uncertainty, how studies are designed, con-
ducted, and interpreted, and how conflicting studies are reconciled)
(Hartley and Kokotovich, 2018; Jensen et al., 2003; Kuzma, 2019;
Thompson, 2003). For example, if members of an interdisciplinary
group are risk-seeking, technological optimists that view nature as
something to be exploited by humans and believe in the unregulated free
market (or risk averse, protective of nature, stringent regulation sup-
porting, technological critics), then that will affect how they make
risk-related decisions. Considering disciplinary diversity and worldview
diversity helps avoid slipping into the idea that worldview diversity is
something only held by stakeholders and the public, but not experts.
Diversity both between and within disciplines will help to ensure that
important decisions, and the assumptions informing them, are subject to
adequate scrutiny.

Risk assessors and technology developers should foster both
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disciplinary and worldview diversity when planning and conducting
epistemically motivated engagement. For example, if risk assessors
brought both disciplinary and worldview diversity considerations into
the selection of their working group experts, such as EFSA’s gene drive
expert working group, they might address the concerns from critics
about the narrow range of expertise shaping RA (Corporate Europe
Observatory, 2019). EFSA’s future work on RA guidelines could be
strengthened by emphasizing the role of disciplinary and worldview
diversity in its engagement and involvement of experts in its working
groups. Broadening epistemic input at EFSA could start immediately
with diversifying the range of hearing experts providing testimony to
expert working group meetings. Broadening the disciplinary and
worldview diversity of the expert working group may take more time
and may face resistance from those who insist that the selection of ex-
perts does not require consideration of worldviews. While Target Ma-
laria demonstrates its desire to gather a broad range of inputs, it could,
in the future, explicitly consider the breadth of diversity within the
disciplines, as well as the range of disciplines engaged. Target Malaria
and EFSA each have conducted various engagement efforts that reflect
disciplinary diversity but it is less clear whether worldview diversity is
reflected. This may require guidance on how to judge worldview di-
versity within relevant disciplines. More explicit recognition of the value
of diverse inputs and the way in which those inputs influence processes
and evidence for RAs may encourage greater and more effective
participation.

This collaborative work has implications for engagement on gene
drive RA beyond the mosquito case discussed here. First, existing
scholarship on engagement on RA has tended to focus on engagement on
the problem formulation stage of formal RA, yet the two cases show that
there are many RA-related decisions and processes leading up to formal
RA for gene drive technologies and that engagement can have a role in
all of them. These findings support a broadening of how engagement on
RA is envisioned and pursued. Second, and relatedly, in broadening how
engagement on RA is envisioned, these cases also invite a broadening of
the types of methods used for engagement on RA. There is a breadth of
possible methods that can be used to support engagement on RA
including focus groups, interviews, surveys and consensus conferences
(Rowe and Frewer, 2005), which complement current activities.
Encouraging participation from social scientists in the range of risk de-
cisions that have been highlighted in these two cases can help identify
and develop additional engagement methods. Third, for risk assessors
and regulatory agencies, a focus on democratic engagement may mask
opportunities for broadening epistemic inputs. In such situations, it is
important to consider not just disciplinary diversity in the selection of
experts, but also worldview diversity — including the diversity that exists
within a discipline. There are practical challenges to this approach,
particularly for risk assessors and regulatory agencies, and a first step
might be to review selection criteria for working group participation
(members and hearing experts) and seek new networks to identify
suitable experts. Smith et al. (2021) offer a method to identify partici-
pants for engagement that reaches beyond traditional and familiar
networks and emphasizes the role of participants as knowledge-holders.
It is important for efforts seeking to broaden worldview diversity to
explicitly reflect on how worldviews differ and what is at stake in such
differences. Finally, EFSA and Target Malaria have explicit commit-
ments to transparency. Such transparency can be an important first step
in engagement, by helping to make clear what decisions are being made
and the potential role of engagement in them. Demonstrating the pro-
cesses leading to RAs and the attention to engagement in the two cases is
an important step in opening up these often highly technical spaces.

Disclaimer
The views expressed in this publication are those of the authors and

should not be interpreted as representing the official position of the
European Food Safety Authority (EFSA). EFSA assumes no responsibility
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or liability for any errors or inaccuracies that may appear. Similarly, the
representation of the processes within Target Malaria are from the
perspective of the authors.
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gentle and humble soul. While working on this manuscript/project
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