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ABSTRACT: Malaria poses a significant global health challenge, with nearly half a million deaths annually,
predominantly in sub-Saharan Africa. Nigeria alone accounts for over 24% of global cases, with severe impacts on
children under five and pregnant women. Hence, this review explores the various genomic approaches being
employed in the fight against malaria, including genomic surveillance of Plasmodium parasites, genetic modification
of mosquito vectors, and host genomic studies for personalized medicine by harvesting information from Online
sources and libraries. Information obtained reveals that Traditional control methods—such as insecticide-treated bed
nets, indoor residual spraying, and antimalarial drugs—face challenges like drug resistance and vector adaptation.
Recent advances in genomic technologies offer promising new avenues for malaria prevention and treatment by
providing insights into the biology of the parasite, mosquito vector, and human host.
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Malaria remains one of the most significant public
health challenges worldwide, causing nearly half a
million deaths annually, primarily in sub-Saharan
Africa. Nigeria bears a substantial burden of malaria,
contributing over 24% of global cases, with severe
impacts on children under five and pregnant women
(WHO, 2020). Traditional methods of control,
including insecticide-treated bed nets, indoor residual
spraying, and antimalarial drugs, have made
considerable impacts but face challenges such as drug
resistance and vector adaptation. Advances in genomic
technologies have provided new avenues for malaria
prevention and treatment by providing insights into the

biology of the parasite, the mosquito vector, and the
human host, offering the potential for novel
interventions to reduce the burden of this disease. This
review explores the various genomic approaches being
employed in the fight against malaria, including
genomic surveillance of Plasmodium parasites,
genetic modification of mosquito vectors, and host
genomic studies for personalized medicine.

Genomic Surveillance of Plasmodium Parasites:
Genomic surveillance involves the collection and
analysis of genomic data from Plasmodium species to

*Corresponding Author Email: tope_forever@yahoo.com,; aderoyeje.temitope@edouniversity.edu.ng

*ORCHID: https://orcid.org/0000-0001-6358-0813
*Tel: +234 (0) 8077467765


mailto:tope_forever@yahoo.com
mailto:aderoyeje.temitope@edouniversity.edu.ng
https://orcid.org/0000-0001-6358-0813
https://www.bioline.org.br/ja
mailto:tope_forever@yahoo.com
mailto:aderoyeje.temitope@edouniversity.edu.ng
https://orcid.org/0000-0001-6358-0813
mailto:erhuangagad@gmail.com
mailto:erhuanga.gad@edouniversity.edu.ng
https://dx.doi.org/10.4314/jasem.v28i9.40
https://creativecommons.org/licenses/by/4.0/
https://www.ajol.info/index.php/jasem
https://www.ajol.info/index.php/jasem

A Review on the Exploration of Genomic Approaches to Malaria Prevention and Treatment....

monitor drug resistance, track transmission patterns,
and identify potential targets for new therapeutics.

Genomic Insight into the Malaria Parasite: The
Plasmodium genus, particularly P. falciparum and P.
vivax, is responsible for most malaria cases. The
sequencing of the P. falciparum genome in 2002
marked a significant milestone, providing a
comprehensive blueprint of the parasite’s biology
(Gardner et al., 2002). Genomic studies have since
identified key genes involved in drug resistance, such
as pfert and pfmdrl, and targets for new antimalarial
drugs (Fidock et al., 2000). Whole-genome
sequencing (WGS) has facilitated the tracking of
parasite populations, enabling the identification of
genetic variations associated with drug resistance and
transmission patterns (Amato et al., 2016). For
instance, the spread of artemisinin resistance in
Southeast Asia has been mapped through genomic
surveillance, aiding in the containment of resistant
strains (Ménard et al., 2016).

Vector Genomics: The primary vectors of malaria are
Anopheles mosquitoes. The Anopheles gambiae
genome was sequenced in 2002, providing insights
into mosquito biology and vector control strategies
(Holt et al., 2002). Genomic approaches have
identified insecticide resistance markers, such as
mutations in the voltage-gated sodium channel gene,
enabling the development of diagnostic tools for
resistance monitoring (Ranson et al., 2011). Gene
editing technologies, such as CRISPR-Cas9, have
opened new avenues for vector control. Gene drive
systems, which promote the inheritance of specific
genes, have been engineered to reduce mosquito
populations or render them incapable of transmitting
the parasite (Kyrou et al., 2018). These innovative
strategies, however, raise ecological and ethical
concerns that must be addressed through rigorous
testing and regulatory frameworks.

Human Genomics and Malaria: The human genome
also plays a critical role in malaria susceptibility and
treatment responses. Certain genetic traits, such as the
sickle cell trait (HbS) and glucose-6-phosphate
dehydrogenase (G6PD) deficiency, confer resistance
to malaria but can also lead to complications when
exposed to certain antimalarial drugs (Carter and
Mendis, 2002). Understanding these genetic factors is
crucial for personalized medicine approaches in
malaria treatment. Genome-wide association studies
(GWAS) have identified loci associated with severe
malaria, providing potential targets for therapeutic
interventions and vaccine development (Malaria
Genomic Epidemiology Network, 2015).
Additionally, advancements in transcriptomics and
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proteomics are shedding light on the host immune
response to malaria, guiding the design of more
effective vaccines (Teo et al., 2018).

Genomic Approaches to Vaccine Development:
Vaccine development has been a significant focus of
genomic research. The RTS,S/AS01 (Mosquirix)
vaccine, the first malaria vaccine to receive WHO
endorsement, was developed using genomic data to
identify and target the circumsporozoite protein (CSP)
of P. falciparum (RTS,S Clinical Trials Partnership,
2015). Genomics continues to play a pivotal role in the
search for more effective vaccines, with efforts to
identify new antigenic targets and understand the
genetic basis of immune evasion by the parasite.

Drug Resistance Monitoring: One of the critical
applications of genomic surveillance is the monitoring
of antimalarial drug resistance. The emergence of
resistance to drugs such as chloroquine and
artemisinin has necessitated continuous surveillance
(Trape and Pison, 2020). Whole-genome sequencing
(WGS) allows researchers to identify genetic
mutations associated with resistance. For instance,
mutations in the Kelch 13 (K13) gene have been linked
to artemisinin resistance in Plasmodium falciparum
(Ariey et al., 2014). By tracking these mutations,
health authorities and healthcare providers can
implement timely interventions to mitigate the spread
of resistant strains.

Transmission Dynamics: Genomic data also provide
insights into the transmission dynamics of malaria.
High-resolution genomic studies can reveal patterns of
parasite spread within and between populations,
helping to identify hotspots of transmission (Manske
et al., 2012). This information is crucial for targeted
interventions and resource allocation. For example, a
study in Southeast Asia used genome-wide data to
trace the origins and spread of artemisinin-resistant P.
falciparum, highlighting the importance of
international collaboration in controlling malaria
(Miotto et al., 2015). Deploying genomic data to
monitor transmission dynamics of the malaria parasite
in Nigeria will significantly improve the treatment of
index cases and lower the overall burden of malaria on
the population and economy.

Genetic Modification of Mosquito Vectors: Genetic
modification of Anopheles mosquitoes, the primary
vectors of malaria, represents a promising strategy for
reducing malaria transmission. This approach includes
gene drive technologies and the release of genetically
modified mosquitoes.
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Gene Drive Technologies: Gene drives are genetic
engineering techniques that promote the inheritance of
a particular gene to increase its prevalence in a
population. This method can be used to spread genes
that confer resistance to Plasmodium infection in
mosquito populations (Burt, 2014). CRISPR-Cas9
technology has been utilized to develop gene drives
targeting the reproductive capabilities of Anopheles
mosquitoes, reducing their  populations and
consequently lowering malaria transmission rates
(Kyrou et al., 2018).

Release of Genetically Modified Mosquitoes: Another
approach involves the release of genetically modified
mosquitoes that are either sterile or carry genes
conferring resistance to Plasmodium. Field trials in
several countries have shown promising results. For
instance, the release of sterile male mosquitoes has led
to significant reductions in mosquito populations in
areas of Brazil and Burkina Faso (Carballar-Lejarazi
and James, 2017). Additionally, mosquitoes
engineered to be resistant to Plasmodium have been
developed, offering a potential long-term solution to
malaria transmission (Hammond et al., 2016).

Host Genomic Studies and Personalized Medicine:
Understanding the genetic factors that influence an
individual's susceptibility to malaria can lead to more
effective treatments and preventive measures. Host
genomic studies have identified several genetic
variants associated with malaria resistance and
susceptibility.

Genetic Variants and Malaria Resistance: Certain
genetic traits, such as the sickle cell trait, provide a
protective effect against malaria (Weatherall and
Clegg, 2001). Genome-wide association studies
(GWAS) have identified other genetic variants
associated with reduced malaria susceptibility, such as
mutations in the glucose-6-phosphate dehydrogenase
(G6PD) gene and the Duffy antigen receptor for
chemokines (DARC) gene (Malaria Genomic
Epidemiology Network, 2015). These findings could
inform the development of new therapeutic strategies
and vaccines.

Personalized Medicine: Personalized medicine, which
tailors treatment to an individual's genetic makeup, is
becoming increasingly feasible with advancements in
genomic technologies. Pharmacogenomics, the study
of how genes affect a person's response to drugs, can
optimize antimalarial drug efficacy and reduce
adverse effects (Teo et al., 2018). For example,
genetic testing can identify individuals with G6PD
deficiency, who are at risk of hemolysis when treated
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with certain antimalarials, ensuring safer treatment
options (Carter and Mendis, 2002).

Challenges and Future Directions: Despite the
promise of genomic approaches, several challenges
remain. The complexity of the malaria parasite's life
cycle, genetic diversity, and the interplay between
host, parasite, and vector genomes necessitate
comprehensive and integrative research efforts.
Ethical considerations and the potential ecological
impact of genomic interventions, particularly gene
drives, require careful assessment and international
cooperation. Future research should focus on
enhancing genomic surveillance systems, developing
robust and scalable gene editing technologies, and
integrating multi-omics data to unravel the intricate
biology of malaria. Collaborative efforts and sustained
funding will be crucial in translating genomic insights
into practical solutions for malaria prevention and
treatment.

Conclusion: Genomic approaches have revolutionized
our understanding of malaria and hold great promise
for developing innovative prevention and treatment
strategies. From mapping parasite resistance to
engineering vector populations and personalizing
human therapies, genomics is at the forefront of the
fight against malaria. Continued investment in
genomic research and ethical considerations will be
essential in leveraging these technologies to achieve
malaria eradication.
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