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Global burden of malaria

• In 2020: 241 million malaria cases in 85 
malaria endemic countries (increasing 
from 227 million in 2019)

• Malaria deaths were estimated 
627 000; an estimated 47 000 (68%) 
of the additional 69 000 deaths were 
due to service disruptions during the 
COVID-19 pandemic.



The global prevalence of patent Plasmodium vivax in 2017 

Battle and Baird, 2021

Global burden under-estimates the latent and sub-patent reservoirs of infections





Malaria vaccine is required to add to the current interventions 
(drug and bednets) to control and eliminate malaria

P. falciparum: PfRTS,S, Pf R21/M-Matrix, and PfSPz

P. vivax: PvDBP, Rv21, and mRNA-based vaccine



P. vivax malaria and challenges in vaccine developments

• The second most common cause of malaria
• Widely distributed species
• Complex life cycle: pesent as a latent form - hypnozoites
• Mostly present as asymptomatic individuals
• Hard to grow in in vitro culture
• Limited availability of good animal model for testing P. vivax vaccine efficacy
• Require transgenic parasites (ie. P. berghei sporozites expressing PvCSP)
• The need of highly potent adjuvants



Key immunological considerations for vaccine development

• Include the multiple-stage proteins involved in parasite development (ie. 
against sporozoites, liver-stage, sexual and asexual stages) 

• Induce protective immune response (humoral and cellular)

• Overcome antigenic diversity or consisting relatively conserved parasite 
epitopes (several epitopes that are represented by various MHC)



Malaria Vaccine: P. falciparum and P. vivax - updates

Draper et al. 2018

Other potential Pv vaccine candidate:

1. PvRMC-1, a Multistage Chimeric Protein 
(Matos et al. 2023): PvCelTOS, PvCyRPA,Pvs25

2. Rv21 (Salman et al. 2017): PvCSP

3. Combination of Rv21, PvCSP-VLP, and PvTRAP
viral vectors (Atcheson et al. 2018)



deVeiga et al. 2023. FrontiersImmunol.



Some other P. vivax vaccine candidates

Kar and Sinha, FrontiersImmunol. 2022



Matarazzo and Bettencourt et al. 2023

In vitro synthesis of mRNA vaccine

Things to consider to increase the 
immunogenicity of mRNA vaccines 

• Addition of adjuvants to 
stimulate the innate and 
adaptive immune response 
(humoral and cellular and 
generation of memory cells) 

• The adjuvant effect is essential 
to the recruitment and activation 
of APCs and priming of T cells to 
induce adaptive responses. 



Some mRNA-based malaria vaccines to date



Issue for achieving higher vaccine efficacy

• (i) generation of highly potent functional immunity - this requires a strong knowledge of mechanisms and 
mediators of protective responses; 

• (ii) choosing the right antigens and epitopes (or combinations) that mediate protective immunity

(multiple antigen components, the type of adjuvants, may be required to increase higher vaccine 
efficacy);

• (iii) developing strategies to overcome immune evasion and prevent vaccine escape 

Notes: malaria exposed populations showed lower vaccine efficacy than seen in malaria naïve populations 
raising the prospect of considerable immune dysregulation in malaria exposed populations 

affects the ability to generate and maintain potent protective responses 

Beeson et al. 2019

A deeper understanding of mechanisms and key targets of immunity is needed to underpin this, and research 
to reveal new strategies for the induction of a higher level of protective functional immunity. 
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