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alaria continues to be a major threat to global health, taking a significant toll on mortality rates. 

Although numerous strategies for combating malaria are actively evolving, none has successfully 

eradicated the disease. Vaccines against malaria present a reliable approach; licensed liver-stage 

vaccines have opened a new era in malaria control but because they are not fully effective, a complementary 

blood-stage vaccine is needed. This review explores the pivotal role of blood-stage vaccines as formidable 

weapons in the ongoing battle against malaria by elucidating their profound impact on malaria-linked 

morbidity and mortality. The immunological mechanisms through which blood-stage vaccines mediate 

significant reductions in disease burden and interrupt transmission dynamics are crucial in vaccine design. 

Thus, they have been examined in this review. In the context of blood-stage malaria, specific antigens are 

critical to the survival and replication of the parasite, playing essential roles in the invasion of erythrocytes. As 

a result, these antigens present highly promising vaccine candidates that can stop the invasion in various ways, 

such as the binding of sialic acid residues by EBA175 or the hydrolysing effect of MSP1. Polymorphism 

challenges hinder blood-stage vaccine development but enhancing current candidates and identifying novel 

erythrocytic antigens offer a promising path to a malaria-free world. This multifaceted approach aims to fortify 

the immune response against the Plasmodium parasite, thereby advancing global eradication efforts. 
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Introduction 

Malaria, a parasitic disease caused by an anopheline 

mosquito, remains a global public health concern. In 

2022, an estimated 249 million malaria cases and 

608,000 deaths were recorded. The majority of which 

were in tropical Africa [1]. Five predominant 

Plasmodium species can cause malaria in humans: 

Plasmodium malariae, Plasmodium falciparum, 
Plasmodium vivax, Plasmodium ovale, and Plasmodium 
knowlesi. Numerous efforts, such as preventative 

measures and treatment prescriptions, have been 

continuously developed to combat malaria [2]. However, 

despite relatively limiting the incidence of the disease, 

none of these efforts have met the satisfactory level of 

“malaria eradication” due to the emergence of 

insecticide-resistant mosquitoes and drug-resistant 

parasites [3]. Therefore, the development of more 

effective and sustainable control strategies is 

imperative. 

The multi-stage life cycle of malaria allows for a 

tailored approach in vaccine design, with most research 

targeting the asymptomatic hepatocytic stage to 

prevent the disease. Another approach is vaccines 

targeting the erythrocytes-invading asexual stage to 

offer protection against clinical symptoms, while others 

target the mosquito sexual stage to block transmission. 

Research that aims to produce a placental malaria 

vaccine to prevent severe sequelae of placental malaria 

in pregnant mothers and their foetuses is also ongoing. 

There is substantial evidence in place that denotes the 

indispensability of a subunit malaria vaccine [4]. The 

approval of the RTS, S (Mosquirix) vaccine in 2019 marks 

the beginning of a promising era. However, Mosquirix 

only offers protection below the WHO’s objective of at 

least 75% efficacy. This led to improved efforts in 

malaria vaccine research, with the recommendation of 

sporozoites-targeting R21/Matrix- M vaccine at the 

forefront. The R21/Matrix-M offered up to 80% high-

dose adjuvant efficacy in clinical trials [5]. Interestingly, 

for any pre-erythrocytic vaccine to provide sterile 

protection on a global scale, it must be 100% effective 

because even a single surviving sporozoite can lead to an 

invasion of erythrocytes. Until now, not even the newly 

licensed R21/Matrix-M meets this demand, elucidating 

the significance of a complementary blood-stage 

vaccine. 

On the other hand, there is a growing interest in 

erythrocytic (blood-stage) vaccines to address the issues 

surrounding pre-erythrocytic interventions. This review 

discusses the role of blood-stage malaria vaccines 

(BSVs) in the race to the much-anticipated malaria 

“elimination” and eventual “eradication” eras. 

Challenges faced in the development of BSVs and 

practical ways through which they can be overcome are 

also critically reviewed. 

Methods 

Literature Search Strategy and Selection Criteria 

The most relevant and current publications and clinical 

trial reports on BSVs were included in the review. 

Research articles and reports of interest were collected 

from Google Scholar, the Centre for Disease Control and 

Prevention (CDC), the World Health Organization 

(WHO), PubMed, Science Direct, and the 

clinicaltrials.gov databases. Keywords: malaria vaccine, 

blood-stage malaria vaccine(s), erythrocytic malaria 

vaccine(s), vaccine efficacy against malaria, therapeutic 

approach, and Plasmodium (falciparum, vivax, ovale, 
malariae, knowlesi) were used. Of the 598 papers 

reviewed, 81 duplicates were excluded. The titles and 

abstracts of the remaining papers were analysed, and 

443 were further excluded because of irrelevance. The 

remaining 74 and evolving data from relevant websites 

were included in the study. 

Discussion 

Overview of the Malaria Life Cycle 

Although malaria is caused by various Plasmodium spp., 

the pattern of the infection life cycle is relatively similar. 

When a malaria-containing female Anopheles mosquito 

inoculates sporozoites into a primary host, the 

sporozoites infect liver cells and burst. At this period, 

mature sporozoites release numerous daughter cells 

called merozoites into the blood. In P. vivax and P. 
ovale, dormant hypnozoites can persist in the liver, 

occasionally causing malaria relapses in the host. Liver-

stage vaccines exert their effect by attempting to 

eliminate the propagation of sporozoites. Without this 

intervention, sporozoites release merozoites into the 

bloodstream, which fasten themselves to and invade 

erythrocytes via asexual reproduction (Figure 1). This 

process involves three distinct stages with different 

morphological appearances: the ring stage, the 

trophozoite, and the schizont. After the schizonts have 

infected erythrocytes, they rupture and egress, releasing 

16 to 32 fresh merozoites into the bloodstream, which 

then infect new erythrocytes. The asexual erythrocytic 

invasion repeats every 1 to 3 days, depending on spp. 

BSVs target this phase to prevent merozoites from 

invading erythrocytes, significantly reducing disease-

linked mortality and morbidity. Without vaccine 

intervention, the merozoites that infect erythrocytes 

sporadically proceed to separate sexual states known as 

microgametocytes and macrogametocytes. The formed 

gametocytes stay in the blood and are later ingested 

during the next blood meal. Upon ingestion, the two 

gametocytes mature into gametes that fuse,  forming  a  

zygote  in  the Anopheles’ gut. The zygote develops and 

becomes an ookinete that generates an oocyst via 

movement in the gut. The generated oocyst then 

releases numerous sporozoites, which travel within the 
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mosquito to reach its salivary glands. Vector-stage 

vaccines aim to stop malaria transmission by interfering 

with this sexual stage. The whole process in the 

Anopheles is completed within 12 to 15 days [6]. 

 
Figure 1: Infection life cycle of malaria with corresponding vaccines 

targeting the distinctive stages. Adapted from Cai et al. (2021). 

Whole-Cell Killed Blood-Stage Vaccine: Is It Worthwhile to Further 

Develop It to Control Malaria? Frontiers in Microbiology. 

Immunology of Blood-Stage Malaria 

The versatile nature of the immune system makes it 

capable of responding against any of the three stages of 

malaria infection [7]. Naturally acquired immunity 

against malaria has long been studied in endemic 

regions and is understood to be short-lived. This can be 

explained by the waning pattern of malaria-linked high 

morbidity and mortality in children. The risk of life-

threatening episodes declines by early maturity, while 

the risk of infection remains throughout the lifespan [8]. 

High antibody titres and T-cell-based responses have 

been reported in animal models against sporozoites in 

the liver and schizonts (blood-stage), where they play a 

significant role in protection [9]. However, in human 

malaria infection, there is very little evidence regarding 

the role of liver-stage responses in naturally acquired 

immunity. Additionally, naturally produced anti-

gametocyte antibodies rarely influence malaria 

transmission in humans living in endemic areas [7]. 

These two factors pose significant challenges to the liver 

stage and transmission-blocking interventions [10]. In 

contrast, there is a clear pool of evidence on the roles of 

blood- stage immune responses in reducing 

parasitaemia in humans [11]. Gamma globulins 

generated by immune adults conferred massive 

protection in children, elucidating that naturally 

acquired immunity is antibody-based  and  mainly  

against  blood-stage malaria. The mode of action can be 

either against pre- invasion merozoites or against 

infected erythrocytes. Against merozoites, the response 

can stop them from invading erythrocytes, or it can lead 

to self-destruction by neutrophil-mediated parasite 

killing, phagocytic engulfment, or antibody-dependent 

cellular inhibition (ADCI) [7]. The humoral immune 

system can recognize infected red blood cells due to the 

conformational changes conferred by several 

merozoites antigens, and once recognized, infected 

erythrocytes are eliminated through several 

mechanisms, including obstruction of cytoadhesion to 

enable spleen clearance and cell- mediated killing [12]. 

It is well understood that a comprehensive system of 

antibodies raised against both pre-invasion merozoites 

and infected red blood cells results in potent protection 

from clinical symptoms and severe malaria [13]. 

Historical Perspective of BSVs 

Protection against blood-stage malaria was first 

scientifically studied in the early 1900s when simian 

blood infected with P. knowlesi elicited effective 

immune responses in naïve Rhesus macaques [14]. 

Several experimental studies confirmed that vaccinated 

macaques performed much better than naïve groups 

when challenged with parasitized erythrocytes [15]. 

Intensive research in the mid-20th century 

demonstrated that immune serum obtained from 

previously infected macaques conferred passive 

immunity on the naïve group after immunization, 

further demonstrating the possibility for an erythrocytic 

malaria vaccine and paving a long research route that 

continues to intrigue [16]. 

Momentum was garnered when a clinical trial that 

transferred IgG obtained from naturally malaria- 

immune adults treated infected vulnerable children in 

malaria-endemic regions by significantly reducing 

parasitemia [17]. Two key studies conducted 30 years 

apart in The Gambia and Thailand were instrumental in 

advancing the novel idea of using serum 

immunoglobulin as a potential vaccine against 

erythrocytic malaria [18,19]. A few years later, updated 

safety-related protocols meant that direct passage of 

blood components was no longer considered fit for 

human vaccination. However, these early discoveries 

remain instrumental in present- day malaria vaccine 

research. Crucial milestones in the blood-stage malaria 

vaccine came into fruition when Trager and Jensen 

(1976) demonstrated the possibility of continuously 

culturing the P. falciparum parasite [17]. A succeeding 

study by Mitchell et al. (1977) showed how monkeys 

could similarly be immunized with the same human 

parasite, paving the way for whole parasite malaria 

vaccines (WPV) based on the highly observed initial 

protection [20,21]. WPVs recorded profound results in 

eliciting potent immune responses in early trials but 

were fundamentally impeded by the requirement of FCA 

as an adjuvant and the complicated immune mechanism 

associated with the immunization [17]. Confirmatory 

mice and human studies provided more insights when 

cultured CD4+ T cells offered protection in naïve 
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experimental groups and a potent non-antibody 

mediated cellular immune response [22-24]. 

Overall, these initial findings highlighted the 

essential roles of antibodies and CD4+ T cells in 

controlling parasitaemia, but the vaccines involved had 

not been clinically tested for actual efficacy. 

Nonetheless, even at present, most effective malaria 

vaccines rely on antibody production, so the early 

assumption that a humoral immune response would 

suffice might not be a mere theory after all. 

Key Erythrocytic Antigens in Blood-Stage Vaccine 

Development 

Interest in BSVs has been developing since the African 

IgG experiment in the 1960s [25]. However, as stringent 

ethical protocols keep evolving, the feasibility of a direct 

human-to-human antibody transfer waned, giving rise 

to a more scientific approach to blood-stage malaria 

control through various merozoites antigens (Table 1). 

Largely aided by the sequencing of the P. falciparum 
genome, numerous blood-stage antigens that 

demonstrate strong immunological potential have been 

discovered [26]. Different antigens offer different 

immunological mechanisms, leading to myriad 

pathways to formulating a highly effective and safe 

vaccine against blood-stage malaria. At the same time, 

this denotes the necessity of critical evaluation in 

choosing suitable vaccine candidates [27]. 

Research targeting blood-stage antigens has been 

challenging over the last three decades. No candidate 

has made it through phase III clinical trials. 

Polymorphism and non-heterologous efficacy are the 

most renowned obstacles BSVs must overcome. The 

widely targeted MSP1 and AMA1 hold a lot of promise in 

their ability to produce high antibody titres and T- cell 

responses if the impending genomic challenges are 

addressed efficiently [25]. There is thus a feasible way 

for not only MSP1 and AMA1 but several other BSV 

candidates to futuristically overcome these drawbacks 

and finally make it beyond CHMI and the final phase of 

clinical trials. 

Reticulocyte-Binding Protein Homolog 5 (RH5) 

RH5 is an essential blood-stage antigen that binds 

basigin on the surface of red blood cells and mediates 

invasion via the nonredundant sialic acid-independent 

pathway. It is in the subtelomeric region of chromosome 

4, where it harbours species-specific genes involved in 

host-parasite interactions [28]. Basigin is a 

multifunctional, highly conserved integral receptor 

essential for erythrocyte invasion of all Plasmodium 
spp. [29]. PfRH5 has demonstrated potent immune 

responses, with multiple and elevated levels of humoral 

immunity generated in both human and experimental 

animal studies [30-33]. The main challenges affecting 

RH5 vaccine research are the very low anti-RH5 

antibodies generated by naturally acquired immunity in 

CHMI studies conducted in Kenya, Papua New Guinea, 

Mali, and Peru [34-37], gaps in understanding the actual 

mechanism of action by which anti-RH5 antibody 

prevents parasite invasion, and the amount of 

antibodies required for effective protection [28]. 

Because these obstacles are repairable, RH5 remains one 

of the most promising blood-stage vaccine candidates in 

modern-day malaria research. 

Apical Membrane Antigen 1 (AMA1) 

AMA1 was originally studied in P. falciparum, where it 

has been cloned. The apical membrane antigen 1 

(AMA1) appears as a merozoite surface antigen, vital for 

identifying and infecting red blood cells [38]. AMA1 

belongs to the microneme proteins, usually existing 

among apicomplexan parasites. It includes a 

hydrophobic domain similar to the integral membrane 

protein and is named due to its appearance by the apical 

complex. AMA1 is understood to migrate to the surface 

of the merozoite close to the period in which schizonts 

burst, eliciting a high immunogenic response in tested 

hosts. It has also been demonstrated to be safe and 

highly tolerable. AMA1 has experienced mixed results as 

a sole vaccine, with the majority of clinical trials 

stopping at phase 1, but yielded some promise when 

developed in multiepitope vaccines, with an adjuvant, or 

in combination with other protein components such as 

MSP1 [39,40]. Low and short-lived efficacy in non-

endemic regional individuals, polymorphism, and long-

term storage of vaccine formulations are the most 

pressing factors that deter AMA1’s progress in clinical 

trials [41]. The issue of polymorphism is being addressed 

by the increased interest in the highly conserved domain 

III of AMA1, whereas the combined BSV candidate 

AMA1-RON2 has thus far shown great promise in terms 

of efficacy [42]. With the continuous emergence of 

AMA1-based vaccines, especially in zoonotic malaria P. 
knowlesi, there is substantial hope in the surge for a 

successfully approved PkAMA1 vaccine in the upcoming 

years. 

AMA1-Rhoptry Neck Protein-2 (AMA1-RON2) 

Even though AMA1 vaccines continue to address the 

challenges of polymorphism and efficacy, the essential 

role that this antigen plays in erythrocytic invasion 

cannot be overemphasized. Thus, researchers continue 

to explore ways through which a highly efficacious 

AMA1-based vaccine can be developed. One robust 

formulation that has shown great promise is the 

combined immunogenic response elicited by AMA1 and 

one part of its complex tyrosine kinase receptor, the 

rhoptry neck protein-2 (RON2) [43]. This formulation 

generates a potent immune response with long-lived 

anti-invasion antibodies much higher than sole AMA1 

[44]. Additionally, AMA-RON2 offered sterile protection 
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after heterologous challenges in monkeys, along with 

long-lived immunity [45]. Although experimental in 

vivo studies may not necessarily translate exactly in 

humans, vaccines that show promise in pre-clinical 

trials often perform better than those with relatively 

inferior impact. One major constraint surrounding the 

AMA1-RON2 vaccine is the recent discovery that 

suggests that despite the observable high protection 

traits, the complex may not be essential for erythrocytic 

invasion in P. falciparum and P. vivax as opposed to a 

monomeric AMA1 antigen [46]. Therefore, more 

knowledge is needed in terms of cross and species-

specific conserved interactions of AMA1 and RON2. 

Merozoite Surface Protein 1 (MSP1) 

MSP1 is designed to block the invasion of red blood cells. 

In P. falciparum, it differentiates into three variants 

PfMSP128, PfMSP138, PfMSP142, and PfMSP183 before 

invasion [41]. Upon invasion, PfMSP1₄₂ is processed into 

PfMSP1₃₃ and the C-terminal PfMSP1₁₉ fragment, with 

the latter being directly involved in erythrocyte attack 

through its interaction with the erythrocyte surface 

receptor band 3 protein [41]. PfMSP1 vaccines are highly 

immunogenic and have no safety concerns in CHMI 

clinical trials [47]. However, in terms of efficacy, both 

full-length PfMSP1 and PfMSP19 have performed poorly 

in CHMIs, with multiple immunization dosages required 

for any significant response [48]. In some reports, 

PfMSP19 recorded no parasitemia reduction effect in 

both homologous CHMI and natural infections [49,50]. 

Aiding MSP1 vaccines with certain adjuvants, receptors, 

and antigens, as in the Combination B vaccine, has 

elicited better responses and may thus be the way 

forward to an effective merozoite surface protein 1 

vaccine [40,51]. 

Duffy-Binding Protein (DPB) 

DBP is a prominent candidate for a subunit P. vivax 
vaccine and is the main parasite protein that invades red 

blood cells. The role of DBP in the viability of the asexual 

stage of P. vivax malaria justifies the persistent interest 

in vaccines targeting this antigen in spite of the many 

challenges surrounding its perceived licensure [52]. 

Immunological performances of the most known DBP 

vaccines against blood-stage P. vivax have been 

consistently disappointing with little to no robust 

immunity generated in conducted trials. Most in vivo 

tested recombinant DBP-II vaccines elicited insufficient 

mAbs even when multiple dosages were administered in 

mice [52]. However, akin to AMA1 vaccines, DBP has 

recently received a revived interest after demonstrating 

great promise when structural vaccinology 

tremendously improved anti-DBP antibody titers and 

showed minimal immunodominant reaction to non-

neutralizing polymorphic epitopes [53]. With this new 

positive outcome, next-generation DBP vaccines could 

thus be the solution to this increasingly concerning 

parasite. 

Merozoite Surface Protein 3 (MSP3) 

The European Malaria Vaccine Initiative (EMVI) and the 

Pasteur Institute in Paris created a long synthetic 

peptide MSP3 in clinical trials conducted in Tanzania 

and Burkina Faso [54]. P. falciparum MSP3 has 

demonstrated a valuable impact on safety and in 

eliciting a robust immune response after several 

investigations [55]. The most developed and clinically 

tested prospective formulations of this antigen are 

MSP3-LSP, which is a combination of MSP3 and LSP1 

chemically synthesized from the highly conserved 

region of the 95aa long MSP3, and GMZ2, a blood-stage 

vaccine candidate designed as a fusion of the less 

understood recombinant GLURP protein and MSP3, 

which is presently undergoing clinical trials [55]. High 

IgG titers were observed in phase I clinical trials of 

MSP3-LSP involving CHMI individuals in Switzerland, 

where progression ensued to more diverse trials 

involving children. However, interest in MSP3-LSP 

waned after a poor performance in phase II clinical trials 

[56]. In contrast, GMZ2 is a subject of keen research 

interest backed by the positive results being obtained 

from several murine and primate studies with and 

without adjuvants, indicating that the excellent T- cell 

and humoral responses it elicits will outperform the 

other MSP3 vaccine candidates in clinical trials [55]. The 

major drawbacks of these vaccines are the lack of an 

efficient method to trigger immune responses in 

humans like those observed in vivo and the right 

concentration of MSP3 antigen for potential 

immunization [57]. 

Erythrocyte-Binding Antigen 175 (EBA175) 

This antigen belongs to the erythrocyte binding proteins 

(EBP) family, where interaction between erythrocytes 

and merozoites and the action of substitute invasion 

pathways is regulated [58]. Emphasis is on the EBA-175 

RII NG Vaccine due to its binding and sequence 

specificity. During invasion, the sialic acid residues of 

erythrocyte glycophorin A are mainly bound by region II 

of EBA175’s 175 kDa merozoite surface receptor [57]. 

This feature makes the protein a potential BSV 

candidate. A phase 1a clinical trial using EBA175 RII-NG 

prepared with an aluminium phosphate   adjuvant   and   

expressed   without glycosylation in Pichia pastoris was 

carried out in the United States in non-predisposed 

adults. 

The results showed an immune response with a well- 

tolerated and safely sustained GIA activity [57]. In a 

subsequent study in semi-immune Ghanaians, the 

vaccine’s safety and immunogenicity were further 

studied in a phase 1b trial, and the same profile of the 

formulation was maintained, providing a positive route 
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to  succeeding  requisite  approval  phases  [58]. An 

important consideration for the EBA-175 RII NG vaccine 

is the varying concentration of the EBA-175 protein in 

Plasmodium spp. Because of the existing redundant 

merozoite invasion pathways, the insufficiency of 

EBA175 as a monomeric vaccine is illustrated, calling for 

a multivalent, adjuvanted formulation if any reputable 

milestone is to be achieved [59]. 

The safety and immunogenicity of ChAd63 RH5 and 

MVA RH5 were set to be investigated in infants, young 

children, and adults living in Tanzania in a dose- 

escalation, age de-escalation randomized double-blind 

controlled Phase Ib trial. Humoral and cellular immune 

responses to RH5 were proposed to be evaluated. 

The results of the responses are yet to be disclosed. 

For AMA1-DiCo, the primary objective was to evaluate 

the vaccine’s safety and the impact of GLASE and 

Alhydrogel® adjuvants in three doses of 50 µg AMA1-

DiCo regimen. In the case of SumayaVac-1, healthy 

adults living in endemic Tanzania are included in the 

phase I trial to evaluate the safety and reactogenicity of 

the MSP1-based vaccine. Children are the targeted 

group of the MSP3-CRM-Vac4All/Alhydrogel® Vaccine 

whose phase II clinical trial will reveal information 

regarding reactogenicity that is linked with the phase I 

trial. The efficacy of the ChAd63/MVA PvDBP vaccines 

was assessed in an interventional Phase IIa, CHMI- 

based trial. The results of this study are not yet disclosed 

to the public. Semi-immune adults were intramuscularly 

immunized with EBA-175 RII-NG to reveal information 

on the optimum dosage level that is safe for humans. 

BSVs Versus Pre-Erythrocytic (PEVs) and Transmission-

Blocking Vaccines (TBVs) 

The morbidity and mortality associated with blood- 

stage malaria are the leading grounds for the ongoing 

adventure for an effective erythrocytic vaccine. 

Developing highly immunogenic, efficacious, and 

heterologous vaccines presents a promising strategy for 

malaria control. A fully functional blood-stage vaccine 

will offer a lot by decreasing the severity of illness. 

Because they target the symptomatic phase of infection, 

BSVs have a direct impact on disease manifestation, 

lowering parasitaemia and thus preventing the infected 

host from severe consequences. Since the first BSV 

(Combination B) was tested in endemic regions, 

reported results have continued to prove that non-

immune volunteers can develop immunity when they 

undergo repeated blood-stage challenges [54]. 

Additionally, the neutralizing effects of these vaccines 

can significantly reduce morbidity and mortality, 

thereby alleviating the burden on healthcare systems 

and improving patient outcomes. 

BSVs can induce broad immune responses by 

stimulating both antibody-mediated and cell-mediated 

immunity [41]. Elevated levels of anti-merozoites 

antibodies have been reported in experimental, in vivo, 

and clinical studies involving blood-stage malaria 

antigens, proffering a promising ground for a 

foreseeable vaccine licensure. During the blood stage, 

merozoite surface protein often remains in the red blood 

cell membranes, where its exposure to the immune 

system triggers a wave of humoral and cellular immune 

responses, thus enabling a targeted antigen approach 

for the development of highly immunogenic blood-stage 

vaccine candidates [41]. 

BSVs targeting nonredundant invasion pathways 

(such as the highly conserved PfRH5) have recorded 

highly neutralizing antibodies in preclinical studies [25]. 

At the same time, blood-stage vaccine candidates have 

demonstrated T-cell responses in in vivo studies, 

leading to potentially much-welcomed diverse immune 

responses [40]. 

By reducing and preventing parasite multiplication in 

the blood, gametocyte development can be inhibited, 

making the mosquito stage non-progressive. This has 

been observed in P. vivax Duffy binding protein II 

(PvDBPII/Matrix-MTM), where a 51% reduction in 

parasitemia in CHMI was reported [25]. When combined 

with a transmission-blocking vaccine, any surviving 

gametocytes will be eliminated either by the anti-

multiplication ability of BSVs or by rendering them non-

infectious through the immunological effects of TBVs. 

BSVs also offer reduced complexity of vaccine 

manufacture and delivery, as demonstrated by the 

culture of P. falciparum’s blood-stage malaria, where 

the procedure has been fully defined and established, as 

opposed to the complex sourcing of sporozoites, thus 

making the production, genetic manipulation, and 

attenuation easier [66]. Systemic administration of BSVs 

proposes a more direct mechanism in comparison to 

PEVs that require targeting the liver. These vaccines can 

easily be absorbed and acted upon by the immune 

components readily available in the blood. Furthermore, 

BSVs provide a direct impact on clinical disease and 

render immediate benefits to symptomatic malaria 

patients by unswervingly addressing the most difficult 

part of the disease. When malaria gets eliminated at this 

stage, all potentially devastating consequences, such as 

cerebral malaria, tissue and organ damage, as well as 

communal transmission, will all be avoided. In contrast 

to PEVs and TBVs, which need to be 100% effective for 

complete malaria control, BSVs provide a more feasible 

strategy that can make the preceding liver and 

succeeding sexual stages non-consequential. Prominent 

BSV candidates are also more understood and easier to 

express in heterologous systems than TBVs such as 

Pfs48/45, whose advancement has only recently begun 

[67]. This is why BSVs are considered essential if the 

sought malaria eradication goal is to be realized. 
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Advances In Malaria Vaccine Technology 

Until now, the R21/Matrix-M is the only efficacious 

malaria vaccine approved for the public. Having met the 

WHO’s 75% efficacy goal, the impact that this vaccine 

will have in the coming years is being optimistically 

anticipated. However, to realize malaria elimination and 

eradication goals, a liver-stage vaccine must clear 100% 

of sporozoites to prevent progression into the blood 

stage. Due to the compounding difficulties that deter the 

production of an anti- sporozoites vaccine that will 

provide sterile protection, BSVs are inevitably vital in 

the malaria eradication pathway. To achieve this, 

efficient assessment of prevalence and enhancement of 

current approaches to BSVs are undoubtedly needed 

[68]. Advances in the discovery of novel human-tolerant 

adjuvants play a crucial role in enhancing the 

immunogenicity of blood- stage malaria vaccines by 

modulating immune responses to achieve optimal 

protection against the parasite while minimizing 

adverse reactions [69]. A practical example is the 

enhanced squalene-based oil- in-water emulsions such 

as MF59, where efficacy is improved by promoting the 

formation of a depot at the injection site, facilitating 

antigen presentation, and inducing robust antibody and 

cellular immune responses [70]. Moreover, the 

utilization of immune regulators such as OX40, CD40 

and CD28 have been shown to accelerate cellular and 

humoral immunity [67,71]. Another area of relevance in 

improving BSVs is advanced nanotechnology, where 

there exists significant promise in vaccine delivery. 

Sophisticated nanoparticles like VLPs, alumina 

nanoparticles, magnesium oxide nanoparticles, and 

nano lipids enable precise antigen targeting, controlled 

release, and enhanced immunogenicity [72-76]. They 

can encapsulate vaccine antigens, protecting them from 

degradation and facilitating antigen presentation to 

immune cells [77].  

 

 

 

 

 

 

 

 

 

 

Additionally, surface modification techniques can 

tailor nanoparticles for specific immune cell 

interactions, maximizing vaccine efficacy [78]. When 

these various fields integrate effectively, BSV antigens 

will experience a boom in immunogenicity, sequence 

variation, safety, efficacy, and rapid development. 

Prospective Directions and Emerging Trends  

Advancing technologies buoy future perspectives for 

blood-stage malaria vaccines. Approaches that aim to 

overcome current challenges and knowledge gaps hold 

immense potential for global health impact. Novel 

vaccine platforms, such as viral vectors, virus-like 

particles, and nucleic acid-based vaccines, offer 

unprecedented opportunities for antigen delivery, 

immune stimulation, and easy logistics [79]. Although 

predominant in cancer research, advances in adjuvant 

design, such as Toll-like receptor agonists and 

nanoparticle-based formulations, provide promising 

pathways to enhance blood-stage vaccine 

immunogenicity and efficacy [80]. Systems biology and 

immunoinformatics can rationalize antigen 

combinations to induce broad and long-lasting 

immunity while significantly limiting antigen sequence 

variation among Plasmodium spp. [81]. Similarly, multi-

allele vaccine formulations can address the 

polymorphism of essential BSV candidates and 

strengthen their performance in late-phase clinical 

trials [82]. These approaches have led to a resurgence of 

interest in whole-killed BSVs where most of the 

challenges associated with subunit BSVs are seemingly 

overcome [83]. However, it remains to be seen whether 

the safety concern, which is the main constraint of 

whole-killed BSVs, can be resolved. The approval of 

RTS,S and R21/Matrix-M sets a path for more anti-

sporozoites vaccines. However, in the case of this 

overwhelming disease, more may not necessarily mean 

best if a 100% effective pre- erythrocytic vaccine 

remains out of reach. To ascertain the ultimate “malaria 

Antigen Vaccine Candidate Subject Age Gender Route of 

administration 

Phase Recruitment 

Status 

Country Reference 

RH5 ChAd63-RH5 

administered with MVA-

RH5 

Infants, 

children, and 

adults 

6 months-35 

years 

All Intramuscular Ib Completed Tanzania [60] 

AMA1 AMA1-DiCo Adults 20 years-

45years 

All Intramuscular I Completed Burkina 

Faso 

[61] 

MSP1 SumayaVac-1 Adults 18-45 years All Intramuscular Ib Recruiting Tanzania [62] 

MSP3 MSP3-CRM-Vac4All/ 

Alhydrogel® 

Children 12 months-59 

months 

All Intramuscular IIb Recruiting Mali [63] 

DBP ChAd63 PvDBP 

administered with MVA 

PvDBP 

Adults 18 years-45 

years 

All Intramuscular IIa Completed United 

Kingdom 

[64] 

EBA-175 EBA-175 RII-NG Adults 18 years-40 

year 

All Intramuscular I Completed Ghana [65] 

Table 1: Relevant registered clinical trials of asexual blood-stage malaria vaccines. Summary of prominent malaria blood-stage vaccine 

candidates, their antigens, formulations, target populations, administration routes, trial phases, recruitment statuses, and trial locations. 

Data was extracted from http://www.clinicaltrials.gov (last accessed 13th March 2024). ChAd63-RH5, chimpanzee adenovirus 63- 

reticulocyte binding protein homolog 5; MVA, modified vaccinia virus Ankara; AMA1, apical membrane antigen 1; AMA1-DiCo, apical 

membrane antigen 1- diversity covering; MSP1, merozoite surface protein 1; MSP3, merozoite surface protein 3; DBP, Duffy binding 

protein; EBA-175, erythrocyte binding antigen-175; EBA-175 RII-NG, erythrocyte binding antigen-175 non-glycosylated (Table 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ycosylated (Table 1). 

 

http://www.clinicaltrials.gov/


 

 Advancements in Life Sciences  |  www.als-journal.com  |  May 2025  | Volume 12  |  Issue 2                    432 
 

 Optimizing Blood-Stage Vaccines: Essential Tools in Malaria Eradication Strategies 

 
 

You’re reading 

als als 

eradication” goal, the development of a highly 

immunogenic, protective, safe, and efficacious blood-

stage vaccine will be an equally-if-not-more-essential 

contributor. Achieving this goal is challenging, but with 

the continuing promise of modern innovations 

discussed in this review, a fully recommended and 

efficacious blood-stage vaccine is possible. 
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