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ABSTRACT

Malaria remains a leading cause of morbidity and mortality among children in sub-Saharan Africa despite existing
vector control and treatment strategies. Gene-drive modified mosquitoes have emerged as anovel approach to reduce
malaria transmission sustainably by biasing inheritance to suppress mosquito populations or render them refractory
to Plasmodium infection. This controlled review evaluated the efficacy of’ gene-drive modified mosquitoes in reducing
malaria transmission among children in sub-Saharan Africa, synthesising evidence from laboratory, semi-field, and
modelling studies. A controlled review approach was conducted by searching PubMed, Scopus, and Web of Science
for articles published between 2010 and 2025 that assessed gene-drive mosquito efficacy in malaria control among
children in endemic regions. Laboratory and semi-field studies demonstrate high inheritance rates of gene-drive
constructs targeting mosquito fertility or parasite development, leading to rapid population suppression or
refractoriness with minimal fitness costs. Modelling studies predict >90% reduction in malaria prevalence within 8—
5 years of release, with significant declines in infection incidence, morbidity, and mortality among children. However,
field-based efficacy data remain unavailable, and challenges such as resistance evolution, ecological impacts,
regulatory preparedness, and ethical concerns regarding community consent and intergenerational effects persist.
Gene-drive modified mosquitoes hold promise as a transformative vector control strategy to reduce malaria
transmission among children in sub-Saharan Africa. Field trials, robust governance frameworks, and community-
led ethical engagement are required to ensure safe, effective, and equitable deployment within integrated malaria
elimination programmes.
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INTRODUCTION

Malaria remains a formidable public health challenge in sub-Saharan Africa, accounting for over 90% of global
malaria cases and deaths [1, 27. Children under five years of age bear a disproportionate burden, experiencing
repeated infections that contribute to severe morbidity, mortality, and long-term developmental impairments 3, 4.
Despite widespread implementation of core interventions such as insecticide-treated nets (ITNs), indoor residual
spraying (IRS), and artemisinin-based combination therapies (ACTs), malaria transmission persists in many high-
burden regions due to factors including insecticide resistance, behavioural adaptation of mosquito vectors, and
operational challenges in intervention coverage and sustainability.

Innovative approaches targeting vector populations are urgently needed to complement existing tools and accelerate
progress towards malaria elimination. One such strategy is the deployment of gene-drive modified mosquitoes.
Gene drives utilise genetic engineering techniques to bias inheritance patterns, ensuring that specific genes are
preferentially transmitted to oftspring [57. In malaria control, gene-drive systems are designed to either reduce
vector populations by impairing fertility or render mosquitoes refractory to Plasmodium infection, thereby
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interrupting transmission cycles [67]. Advances in CRISPR-Cas9 technology have facilitated the development of
gene-drive constructs with high transmission efficiency and minimal fitness costs, offering unprecedented potential
for sustainable, area-wide malaria control. However, the efficacy of gene-drive modified mosquitoes in reducing
malaria transmission among children in sub-Saharan Africa remains a topic of intense scientific, ethical, and policy
debate. While laboratory and semi-field studies demonstrate promising outcomes, field-based evidence in endemic
settings is limited. This controlled review synthesises current data on gene-drive mosquito efficacy, evaluates their
impact on malaria transmission among children, and explores operational, ecological, and ethical considerations for
their potential integration into malaria elimination programmes in sub-Saharan Africa.

METHODOLOGY
A controlled review approach was utilised to synthesise evidence from peer-reviewed articles, preprints, and
institutional reports published between 2010 and 2025. Databases searched included PubMed, Scopus, and Web of
Science, focusing on studies assessing gene-drive mosquito efficacy in malaria transmission reduction among
children in sub-Saharan Africa. Inclusion criteria encompassed laboratory, semi-field, and modelling studies with
outcomes relevant to transmission reduction or child health impact.
Mechanisms of Gene-Drive Technology in Malaria Control
Gene drives function by biasing the inheritance of specific genetic traits within populations, overriding the
conventional Mendelian 50% inheritance pattern [77]. Two primary gene-drive strategies are under development for
malaria control. Both approaches aim to reduce malaria transmission intensity by reducing vector density or vector
competence, respectively. The choice of strategy depends on local ecological, epidemiological, and sociopolitical
contexts.

L. Population Suppression Drives: Population suppression drives target mosquito fertility genes (e.g.,
doublesex in Anopheles gambiae), leading to sterility in females and consequent population collapse [87.
CRISPR-Cas9-driven targeting of doublesex has shown rapid population elimination in laboratory cages
within 7—11 generations.

1i. Population Modification Drives: Population modification drives insert genes rendering mosquito’s
refractory to Plasmodium infection [97]. Effector genes target parasite development stages, preventing
maturation and transmission, while the gene drive ensures rapid spread of refractoriness within mosquito

populations.
Evidence from Laboratory and Semi-Field Studies
i Laboratory Cage Trials: Initial laboratory studies demonstrated near-complete spread of gene-drive

constructs within controlled mosquito populations. Hammond et al. (2016) showed >95% transmission
efficiency of CRISPR-based doublesex gene drives, leading to population collapse within months [107.
Similar results were observed for population modification drives inserting anti-Plasmodium effector genes.
ii. Semi-Field Trials: Semi-field studies conducted in contained environments mimicking African ecological
conditions have demonstrated that gene-drive mosquitoes effectively spread desired traits under near-
natural settings. For example, experiments in Burkina Faso’s semi-field facilities showed high inheritance
rates and no significant fitness costs, indicating potential for field deployment [(117]. However, these studies
did not directly measure malaria transmission outcomes in human populations.
Modelling Studies on Malaria Transmission Reduction
Given limited field data, mathematical models have been used to predict the impact of gene-drive mosquitoes on
malaria transmission among children in sub-Saharan Africa [127]. Models suggest that combining gene-drive
releases with existing interventions such as I'TNs and IRS yields synergistic effects, accelerating malaria elimination
timelines and reducing child mortality significantly. Key findings include:

i Population suppression drives targeting An. gambiae could reduce malaria prevalence by >90% within 8—5
years post-release, assuming efficient drive propagation and minimal resistance evolution [127].
il. Population modification drives rendering mosquitoes refractory to Plasmodium falciparum could achieve

similar reductions if release coverage exceeds 50—70% of local vector populations [137].
Potential Impact on Child Health Outcomes
Although direct clinical trial data are unavailable, projected impacts based on entomological inoculation rate (EIR)
reductions indicate substantial benefits for child health. However, these benefits depend on successful field
deployment, community acceptance, and robust monitoring to track impact and detect resistance evolution. These
benefits include:
L. Reduced infection incidence: Lower vector density and infectivity decrease the frequency of child
infections, reducing anaemia, cognitive impairment, and mortality [147].
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ii.  Enbhanced herd protection: Area-wide effects extend protection to non-users of conventional
interventions, addressing coverage gaps in vulnerable populations.

1il. Long-term sustainability: Unlike insecticide-based interventions requiring recurrent deployment, gene
drives offer self-sustaining benefits with potentially single-release implementation [(15].

Operatlonal and Ecological Considerations

i.  Resistance Evolution: Emergence of drive-resistant alleles through non-homologous end joining or pre-
existing genetic variation poses a threat to long-term efficacy [167]. Strategies under investigation include
multiplexed guide RNAs targeting multiple sites to reduce resistance emergence.

ii. Ecological Impacts: Potential non-target effects on ecosystems, such as disruption of food webs reliant
on mosquito populations, remain poorly understood. Ecological modelling and phased testing are essential
to assess these risks before large-scale release.

ii. Regulatory Frameworks: ield deployment requires approval from national regulatory agencies and
adherence to WHO guidance on genetically modified organisms (GMOs) [17]. Existing regulatory
structures in many sub-Saharan African countries are underdeveloped for gene-drive technologies,
necessitating capacity building and international collaboration.

Ethical, Legal, and Social Considerations
Robust ethical guidelines community engagement frameworks, and participatory decision-making processes are
critical to ensure just and acceptable deployment. Gene-drive interventions raise unique ethical questions:
L. Informed community consent: Given the area-wide spread of Gene-Drive Modified Mosquitoes,
community-wide engagement and consent are essential, transcending individual autonomy models [187.

il. Intergenerational implications: Potential irreversible ecological changes require intergenerational ethical
assessment frameworks.

iil. Governance and equity: Decisions about the deployment of Gene-Drive Modified Mosquitoes must
ensure equitable benefits for endemic communities and avoid exploitation by external research interests
[197.

Field Trials: Current Status and Future Directions

The Target Malaria consortium, the leading gene-drive research initiative in Africa, has completed initial releases
of non-gene-drive sterile male mosquitoes in Burkina Faso to build regulatory and community engagement
foundations [207]. Gene-drive mosquito releases are projected within the next 5-10 years, following phased safety,
efficacy, and environmental impact evaluations.

Future research priorities include:

i.  Field efficacy trials: Direct measurement of malaria incidence reduction in child populations post-release.
ii. Resistance management: Development of second-generation drives with resistance mitigation
mechanisms.
iii. Combined intervention modelling: Optimising deployment strategies integrating gene drives with
existing vector control tools.
iv. Community-led governance frameworks: Empowering local stakeholders to guide decision-making and

benefit-sharing mechanisms.
CONCLUSION
Gene-drive modified mosquitoes represent a promising frontier in malaria vector control with the potential to
significantly reduce malaria transmission and child morbidity and mortality in sub-Saharan Africa. Laboratory and
modelling studies indicate that both population suppression and modification drives can achieve substantial
reductions in malaria prevalence when deployed effectively. However, the absence of field-based efficacy data
underscores the need for cautious, phased implementation grounded in robust safety, ecological, and ethical
assessments. Operational challenges, including resistance evolution, regulatory preparedness, and community
acceptance, must be addressed through interdisciplinary research and participatory governance. As gene-drive
technologies approach potential field deployment, prioritising child-centred health impact evaluations, transparent
stakeholder engagement, and capacity building in endemic countries will be critical to ensuring their safe, effective,
and equitable integration into malaria elimination programmes. Ultimately, gene-drive mosquitoes may complement
existing interventions to transform malaria control trajectories, but their real-world efficacy and societal acceptance
will determine their role in protecting the health and futures of Africa’s children.
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