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Introduction

t 249 million cases and 608,000 fatalities reported in

2022, malaria remains a major global health challenge,
disproportionately affecting Sub-Saharan Africa, and
accounting for 95% of malaria-related deaths [1,2]. The
disease is caused by Plasmodium parasites and is transmitted
by Anopheles mosquitoes, exacerbated by damp climatic
conditions, political instability , and inadequate healthcare
infrastructure. Climate change further complicates its control
efforts, while rising temperatures and moisture levels further
expand mosquito habitats and increasing transmission risks
in regions such as Southeastern Europe and North America
[3]. In addition to its notable health concerns, malaria also
imposes significant economic costs, with a 10% increase
in cases linked to a 1.9% decrease in GDP per capita [4].
Furthermore, the disease causes employment disruptions,
particularly during peak agricultural seasons, limited
tourism, as well as limited trade opportunities [1]. Traditional
control measures, including insecticide-treated nets, indoor
residual spraying, and larval source management, have
proven effective but face challenges such as insecticide
resistance and high costs [5, 6]. In response, the WHO is
exploring genetic modification as an alternative strategy,
leveraging CRISPR/Cas9 to alter Anopheles mosquitoes and
disrupt malaria transmission [7]. Among these innovations,
the manipulation of Homeobox genes, which regulate insect
development, presents a promising approach to mosquito
population control and malaria eradication. However, this
must be approached with caution to minimize disruption
to mosquito ecosystems. This paper discusses possible
technological interventions that target specific Hox genes
in Anopheles mosquitoes to reduce malaria transmission by
disrupting female development, fertility, feeding behaviours
and wing development as outlined in the researched methods
in medical entomology.

Homeobox genes regulate coding and transcription during
embryonic development, playing a crucial role in insect
breeding and manipulation. With modern technologies,
researchers can manipulate mosquito embryos to target
key factors such as reproduction, feeding behaviours, and
traits that contribute to malaria transmission. In Anopheles
mosquitoes, these genes govern various developmental
processes, including reproduction, feeding, and host-
seeking behaviours critical for malaria spread. A promising
aspect of manipulating these genes is the ability to target
female mosquitoes, which are responsible for transmitting
Plasmodium parasites through their blood-feeding activities.
Genetic alterations can disrupt these behaviours, preventing

blood feeding and host-seeking, thereby reducing malaria
transmission. CRISPR-based strategies and gene drives
which spread genetic modifications rapidly through wild
populations show promise in advancing malarious mosquito
population control [8].

Recent Methods

A potential strategy to control malaria transmission involves
reducing mosquito fertility in female Anopheles mosquitoes.
One study on Aedes aegypti (Yellow Fever Mosquito)
identified miR-309, a microRNA as critical for ovarian
development and egg production [9]. The research silenced
the microRNAs expression, resulting in ovarian growth
arrest, smaller follicle sizes, and a fourfold reduction in
egg production [9]. Although the study focused on Aedes
and not Anopheles mosquitoes, miR-309 is conserved
across multiple Dipteran species, including Drosophila
melanogaster, suggesting that genetic manipulation could
be effective in Anopheles mosquitoes [9]. Disrupting miR-
309 expression in Anopheles could prevent the maturation
of eggs and significantly reduce mosquito populations,
potentially curbing malaria transmission [9]. This approach
could be integrated into larger genetic modification strategies
to create a more sustainable method for controlling mosquito
populations over time . Another strategy involves disrupting
the blood-feeding behaviour of mosquitoes, which is critical
for malaria transmission. Female Anopheles mosquitoes
rely on blood meals for egg development, and interfering
with their ability to feed on blood could significantly flatten
malaria transmission. Auradkar et al. [2021] explored the
Proboscidea (pb) gene, which plays a role in the formation
of the proboscis — an elongated mouthpart found in certain
insects, used for sucking food in Drosophila melanogaster
[10]. By replacing the pb gene with its gene ortholog, proboscis
formation was successfully disrupted using CRISPR-Cas9
technology, producing heart-shaped maxillary palps (sensory
appendages near the mouth that help detect odors) instead
of the typical feeding apparatus. These malformed maxillary
palps could no longer be used to feed on blood, effectively
preventing the mosquitoes from taking blood meals forcing
them to rely on other food sources. Given that mosquitoes
belong to the same Dipteran order as Drosophila (such as
fruit flies, mosquitoes, and gnats), similar genetic alterations
could be applied to Anopheles mosquitoes to disrupt their
blood-feeding abilities. This modification would not only
impair the mosquito's reproductive cycle but could also force
the the mosquitoes to seek alternative food sources, flattening
malaria transmission.
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Perspective

In addition to disrupting blood-feeding, another promising
genetic approach targets the mosquito’s ability to locate
human hosts. Host-seeking behaviour in mosquitoes is
largely driven by their ability to detect chemical cues such as
carbon dioxide and human body odors. Research modifying
olfactory receptor genes in Drosophila melanogaster
showed significant effects on feeding behaviour, particularly
in locating and responding to hosts [11]. In Anopheles
mosquitoes, genes such as dachshund (dac) and semala
regulate the development of olfactory neurons, responsible
for detecting these critical environmental cues. By targeting
these genes, it is possible to impair the mosquito’s ability
to sense and track human hosts, reducing their capacity to
transmit malaria.

Ecological Ethics

Genetic modification technologies like gene drives and
CRISPR-Cas9 offer precise control over malaria vectors, but
their ecological implications require careful consideration.
Anopheles mosquitoes play vital roles in ecosystems, serving
as food sources for various predators and contributing
to nutrient cycling. Disrupting their populations could
destabilize predator-prey relationships and biodiversity [12].
While methods like suppressing fertility or reducing flight
capacity have shown promise in limiting mosquito spread,
they may have unpredictable ecological consequences, such
as population collapse and cascading effects on ecosystems
[13]. Furthermore, the spread of genetic modifications
through gene drives may introduce long-term risks to
ecosystems by potentially outpacing the mosquito's ability
to evolve countermeasures. Balancing both need for malaria
control and ecological responsibility is essential to ensure
that genetic interventions are effective and sustainable.
Targeting mosquito behaviour through olfactory and
mouthpart gene modifications offers a more ecologically
responsible approach. By disrupting the mosquito's ability to
sense human hosts or feed on blood, this method prevents
transmission without impacting fertility or flight. Mosquitoes
could then find alternative sources of nutrients through nectar,
as their pollinator counterparts often do [14]. Behaviour
modification avoids the risks of population collapse while
still reducing disease transmission, as it does not interfere
with the broader ecological roles of mosquitoes to the same
extent as physiological interventions like sterilization or
population suppression. This targeted approach minimizes
ecological disruption and maintains ecosystem balance,
ensuring a more controlled and sustainable intervention
against malaria. As genetic modification technologies
evolve, focusing on behaviour rather than physiological traits
presents a promising alternative that can address the malaria
burden without unintended ecological consequences [11,15].

Conclusion
The manipulation of Homeobox genes in Anopheles

mosquitoes represents a promising avenue for malaria
control, with potential strategies ranging from impairing

Q

disrupting blood-feeding and host-seeking behaviours as
well as hindering wing development. However, methods
used to impair female fertility or female flight capability in
Anopheles mosquitoes is a cause for concern in ecological
studies as deliberately reducing populations of mosquitoes
or their spatial distribution could cause unknown ecological
collapses. Instead, a cautious, well-monitored approach
to methods including a disruption of the olfactory sense or
proboscis development is suggested while also pursuing
post-release studies of the ecological systems to ensure that
these interventions do not inadvertently disrupt ecosystems
or harm local communities. With careful research, genetically
modified mosquitoes could play a vital role in the fight against
malaria, preparing health systems for future regulations in the
height of climate change while also reducing both its public
health burden and its economic costs in affected regions of
the Global South.
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