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ABSTRACT 
Malaria remains a leading cause of  morbidity and mortality among children in endemic regions, necessitating 
innovative interventions to complement existing control measures. mRNA-based vaccines, leveraging the success 
of  mRNA technology in combating COVID-19, have emerged as a promising strategy for malaria prevention. These 
vaccines encode key Plasmodium antigens, such as the circumsporozoite protein (CSP) and merozoite surface proteins 
(MSPs), eliciting robust humoral and cellular immune responses to block parasite invasion and replication. 
Preclinical studies in animal models have demonstrated the efficacy of  mRNA vaccines in reducing liver- and blood-
stage parasite burdens, while early-phase clinical trials in endemic regions have shown promising results, with 
vaccinated children exhibiting reduced malaria incidence and parasite densities. However, challenges such as vaccine 
stability in tropical climates, high production costs, and the potential for immune evasion by Plasmodium variants 
remain significant barriers. This review employed a narrative methodology, synthesizing preclinical and clinical trial 
data to evaluate the efficacy of  mRNA-based malaria vaccines in children. Future directions include optimizing 
vaccine formulations, developing thermostable delivery systems, and integrating mRNA vaccines with existing 
interventions like seasonal malaria chemoprevention (SMC). By addressing these challenges, mRNA-based vaccines 
hold transformative potential to reduce the burden of  malaria in endemic regions and contribute to global malaria 
elimination efforts.   
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INTRODUCTION 

Malaria remains one of  the most devastating infectious diseases globally, with an estimated 247 million cases and 
619,000 deaths reported in 2021, primarily affecting children under five years of  age in sub-Saharan Africa [1–3]. 
Despite significant progress in malaria control through the widespread use of  insecticide-treated bed nets, rapid 
diagnostic tests, and artemisinin-based combination therapies (ACTs), the disease continues to exert a heavy toll on 
vulnerable populations [4, 5]. The emergence of  drug-resistant Plasmodium parasites and insecticide-resistant 
Anopheles mosquitoes further complicate efforts to control and eliminate malaria. Consequently, there is an urgent 
need for innovative and effective interventions, particularly vaccines, to complement existing strategies and 
accelerate progress toward malaria elimination. Traditional vaccine development approaches have faced numerous 
challenges in the context of  malaria, largely due to the complex life cycle of  Plasmodium parasites and their ability 
to evade host immune responses [6, 7]. However, the recent success of  mRNA-based vaccines in combating COVID-
19 has reignited interest in this platform for other infectious diseases, including malaria. mRNA vaccines offer several 
advantages, including rapid development, scalability, and the ability to induce robust immune responses against 
multiple antigens. By encoding specific Plasmodium proteins, mRNA vaccines can elicit both humoral and cellular 
immunity, targeting key stages of  the parasite’s life cycle, such as sporozoite invasion of  hepatocytes or merozoite 
invasion of  erythrocytes. Children in endemic regions are particularly vulnerable to malaria, experiencing high rates 
of  morbidity and mortality. An effective mRNA-based malaria vaccine could provide durable protection, reducing 
the burden of  disease and contributing to broader malaria control efforts. This review examines the current 
landscape of  mRNA-based malaria vaccines, focusing on their efficacy in preventing malaria in children in endemic 
regions. It explores the mechanisms of  action, preclinical and clinical trial data, challenges, and future directions for 
this promising vaccine platform. 
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Mechanisms of  Action of  mRNA-Based Malaria Vaccines 
mRNA-based vaccines function by delivering synthetic mRNA encoding specific antigens into host cells, where they 
are translated into proteins that elicit an immune response [8]. In the context of  malaria, mRNA vaccines can be 
designed to target key Plasmodium antigens involved in different stages of  the parasite’s life cycle. For example, 
mRNA encoding the circumsporozoite protein (CSP), which is expressed on the surface of  sporozoites, can induce 
antibodies that prevent sporozoites from infecting with hepatocytes, thereby blocking the initial stage of  malaria 
infection. Similarly, mRNA vaccines targeting merozoite surface proteins (MSPs) or apical membrane antigen 1 
(AMA1) can elicit immune responses that inhibit erythrocyte invasion, reducing parasitemia and preventing clinical 
disease. The versatility of  mRNA vaccines allows for the inclusion of  multiple antigens in a single formulation, 
potentially enhancing efficacy and reducing the likelihood of  immune evasion by Plasmodium variants [9, 10]. 
Additionally, mRNA vaccines can be engineered to include lipid nanoparticles (LNPs) that enhance stability and 
delivery to target cells, ensuring robust and sustained immune responses. The induction of  both neutralizing 
antibodies and T-cell-mediated immunity further enhances the protective efficacy of  mRNA vaccines, making them 
a promising tool for malaria prevention. 

Preclinical Development of  mRNA-Based Malaria Vaccines 
Preclinical studies have provided compelling evidence of  the potential of  mRNA-based malaria vaccines. Animal 
models, particularly mice and non-human primates, have been instrumental in evaluating the immunogenicity and 
efficacy of  these vaccines. For example, mRNA vaccines encoding CSP have demonstrated high levels of  protection 
against Plasmodium challenge in mouse models, with vaccinated animals showing significant reductions in liver-
stage parasite burden [11]. Similarly, mRNA vaccines targeting MSP1 and AMA1 have shown promise in reducing 
blood-stage parasitemia and preventing severe disease in preclinical studies. One of  the key advantages of  mRNA 
vaccines is their ability to induce rapid and potent immune responses [12]. Preclinical studies have shown that a 
single dose of  an mRNA-based malaria vaccine can elicit high titers of  antigen-specific antibodies and robust T-cell 
responses within weeks of  immunization. This rapid induction of  immunity is particularly advantageous in endemic 
regions, where children are frequently exposed to Plasmodium infections. Furthermore, the ability to modify mRNA 
sequences to enhance stability and immunogenicity has enabled the development of  next-generation vaccines with 
improved efficacy and durability. 

Clinical Trials of  mRNA-Based Malaria Vaccines in Children 
The transition from preclinical studies to clinical trials represents a critical step in the development of  mRNA-based 
malaria vaccines. Early-phase clinical trials have focused on evaluating the safety, immunogenicity, and efficacy of  
these vaccines in healthy adults and, more recently, in children in endemic regions [13]. One of  the most advanced 
candidates is an mRNA vaccine encoding CSP, which has shown promising results in phase 1 trials. Vaccinated 
individuals developed high levels of  anti-CSP antibodies and demonstrated significant protection against controlled 
human malaria infection (CHMI). In endemic regions, phase 2 trials have begun to assess the efficacy of  mRNA-
based malaria vaccines in children, who are the most vulnerable population. Preliminary results from these trials 
have been encouraging, with vaccinated children showing reduced incidence of  clinical malaria and lower parasite 
densities compared to unvaccinated controls. The inclusion of  multiple antigens in mRNA vaccines has further 
enhanced their efficacy, providing broader protection against diverse Plasmodium strains. However, challenges such 
as vaccine stability in tropical climates and the need for cold-chain storage remain significant barriers to widespread 
implementation. 

Challenges and Future Directions 
Despite their promise, several challenges must be addressed to realize the full potential of  mRNA-based malaria 
vaccines. One of  the primary challenges is ensuring the stability and efficacy of  mRNA vaccines in the high-
temperature, high-humidity conditions typical of  malaria-endemic regions [14]. Advances in lipid nanoparticle 
formulations and thermostable delivery systems are being explored to address this issue. Additionally, the high cost 
of  mRNA vaccine production and distribution poses a significant barrier to accessibility in low-resource settings. 
Efforts to scale up production and reduce costs through partnerships with global health organizations and local 
manufacturers are critical to overcoming this challenge. Another challenge of  mRNA vaccines is the potential for 
immune evasion by Plasmodium parasites, which can mutate key antigens to escape vaccine-induced immunity [15, 
16]. The development of  multivalent mRNA vaccines targeting multiple antigens and incorporating conserved 
epitopes may help mitigate this risk. Furthermore, the integration of  mRNA vaccines with existing malaria control 
measures, such as seasonal malaria chemoprevention (SMC) and vector control, could enhance their impact and 
contribute to broader malaria elimination efforts. Future research should focus on optimizing vaccine formulations, 
evaluating long-term efficacy and safety, and assessing the impact of  mRNA vaccines on malaria transmission 
dynamics. The inclusion of  vulnerable populations, such as infants and pregnant women, in clinical trials is also 
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essential to ensure equitable access to these vaccines. By addressing these challenges and leveraging the unique 
strengths of  mRNA vaccine technology, we can move closer to achieving the goal of  malaria elimination.
                                                                        CONCLUSION 
mRNA-based malaria vaccines represent a groundbreaking advancement in the fight against malaria, offering a 
highly effective and versatile tool for preventing this devastating disease in children in endemic regions. Preclinical 
and clinical trials have demonstrated their ability to induce robust immune responses and provide significant 
protection against Plasmodium infection. However, challenges such as vaccine stability, cost, and the potential for 
immune evasion must be addressed to facilitate their widespread implementation. Advances in vaccine formulation, 
delivery systems, and integration with existing interventions hold promise for overcoming these barriers and 
maximizing the impact of  mRNA vaccines. As research progresses, mRNA-based malaria vaccines have the potential 
to play a transformative role in malaria control and elimination, bringing us closer to a world free from the burden 
of  malaria. By prioritizing equitable access and addressing the unique needs of  vulnerable populations, we can ensure 
that these life-saving vaccines reach those who need them most.
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