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Abstract 

This article explores the intricacies of malaria, concentrating on the parasite Plasmodium falciparum's 

most harmful form. Malaria still poses a serious threat to world health, killing over 400,000 people each 

year and impacting mostly young children in Sub-Saharan Africa, despite decades of control attempts. 

RTS, S, the first licensed malaria vaccine, is currently being tested in various African countries despite its 

low efficacy. There has been an overall fall in malaria infections, albeit the reduction varies 

geographically. Traditional control measures like bed nets and insecticides, combined with medical 

treatment, have helped. 

It is essential to comprehend the biology of malaria transmission since asymptomatic cases help spread 

the disease and not all infections have severe symptoms. The complex mechanics of the parasite's life 

cycle are examined in detail in this article, with a focus on the function of PfEMP1 proteins in immune 

evasion. The wide variability of PfEMP1 complicates the creation of vaccines. 

Hopes for a potential disease vaccine are increased by the attention paid to EPCR-binding phenotypes 

about cerebral malaria, although causal links still require explanation. The study emphasizes the need for 

cutting-edge methods, such as systems biology and machine learning, to decipher the intricate 

immunological and parasitological processes, and asks for a deeper comprehension of parasite-host 

interactions. 

The paper also highlighted difficulties in accurately estimating disease frequency, particularly in low-

transmission environments with common submicroscopic illnesses. For efficient surveillance and 

management, the significance of researching gametocyte dynamics, transmission volume, and parasite 

genetic diversity is emphasized. 

The article's conclusion emphasizes the need for a holistic strategy, which includes a deeper 

comprehension of local vector ecologies, to fully address the problems caused by malaria and pave the 

way for more efficient control strategies. 
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Introduction 

The protozoan parasite Plasmodium spp. that is spread by mosquitoes is what causes malaria. Five species 

of malaria can infect people: P. falciparum, P. vivax, P. malariae, P. ovale, and P. knowlesi. P. falciparum 

malaria is the most virulent form of the disease and is responsible for the majority of human morbidity 

and mortality; as a result, it will be the focus of this article. Recent estimates place the annual malaria 

cases in the region at an estimated 247 million, and 619,000 deaths, primarily in young children living in 
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sub-Saharan Africa (Aheto, 2022). This is despite ongoing control efforts over the past 60 years or more. 

As a result of its insufficient efficacy (Power et al., 2014), the first licensed malaria vaccine (RTS, S) is 

only being used as a trial program in a few sub-Saharan Africa. Insecticide-treated bed nets, insecticide-

sprayed homes, and other general mosquito control methods continue to be the mainstays of disease 

management in addition to the pharmacological therapy of patients. Over the past ten years, there has been 

a general decline in malaria infections due to a large-scale vector control program combined with 

artemisinin combination therapy (Bhatt et al., 2015). However, this reduction exhibits large spatial 

differences and does not always match up well with established control measures. For instance, significant 

reductions have been seen in Southeast Asia and the Western Pacific (Power et al., 2014). In contrast, 

recent years have seen little to no change or even a surge in cases in several parts of the Americas and 

Africa (Recker et al., 2018). The difficulties in controlling malaria are numerous, and even in areas where 

a significant decline in the disease has been attained and where local eradication is theoretically feasible, 

maintaining a state of disease-freeness without attaining a comparable decline in neighboring areas would 

be challenging. A lack of knowledge of the fundamental biology of malaria transmission and its 

connection to the epidemiological patterns of infection and illness in various transmission environments 

is at the root of these difficulties. Particularly, not all infections result in severe clinical symptoms, and 

the majority of infections causing transmission in a certain area are asymptomatic or just mildly unwell 

(Meibalan & Marti, 2017). Therefore, intervention-induced changes in parasite transmission will result in 

complicated alterations in the age distributions of certain age- and exposure-dependent disease symptoms 

(McCann et al., 2020). Therefore, it is necessary to have a deeper understanding of the causes of severe 

malaria as well as a better comprehension of who is currently infected and who contributes to transmission 

to predict the epidemiological outcome of control measures. 

 
Figure:1 Common signs and symptoms of malaria 
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What are the leading factors to dangerous malaria? 

An infectious mosquito bite causes sporozoites to be released into the bloodstream, where they go to the 

liver and differentiate into merozoites, which is how malaria infections begin. Merozoites are discharged 

into the circulation following several rounds of multiplication within infected liver cells, beginning a cycle 

of repeated invasion and multiplication among red blood cells (RBCs) that results in significant cell death 

both directly and indirectly (Molina-Franky et al., 2022). Malaria pathology is frequently brought on by 

parasites ensconced in the deep vasculature, which results in local inflammation, hemorrhages, tissue 

destruction, and obstruction of blood flow in addition to anemia as a direct result of RBC loss, splenic 

clearance of uninfected RBCs, and decreased RBC synthesis (Autino et al., 2012). 

 

Figure:2   life cycle of malaria 
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Infected RBCs (iRBCs), which are highly polymorphic parasite proteins termed PfEMP113 that are 

expressed by the var multigene family and inserted onto the surface of iRBCs, adhere to a variety of host 

endothelium cell receptors as a result of sequestration (Melcher et al., 2010). The fact that these proteins 

are highly expressed on the surface of iRBCs makes them prime targets for adaptive immune responses, 

which the parasite evades by taking advantage of the enormous sequence variation of var genes between 

repertoires of var genes within parasite populations as well as between multiple variant var gene copies 

within individual parasites. Through a mechanism known as clonal antigenic variation, the parasite can 

switch between many PfEMP1 variants throughout infection, making it one of the most complex immune-

evasion tactics yet studied. And below is host endothelium (Kirkland et al., 2022)  

 
Figure:3 

 

PfEMP1 is a key target of naturally acquired immunity (NAI), notwithstanding its variety. People who 

live in malaria-endemic regions build up a repertoire of PfEMP1 variant-specific immune responses during 

years of repeated infections, which are thought to offer protection from life-threatening illness (Bull & 

Abdi, 2016). Women in their first pregnancy who have grown up in malaria-endemic areas and have 

developed immunity to severe malaria momentarily lose this immunity because their placentas open up a 

unique niche for parasite sequestration, providing a stark illustration of the significance of PfEMP1 as 

immunological targets. Every parasite genome contains a unique, functionally, and immunologically 

distinct PfEMP1 type, VAR2CSA (see below and the above Figure3), to which immunity is quickly 

attained (Molina-Franky et al., 2022). 

The enormous variability of PfEMP1 has so far prevented this family of molecules from being taken 

seriously as a target for a vaccine. The question of whether a viable anti-disease or anti-virulence 

vaccination exists has been raised by the finding that specific illness symptoms are linked to the expression 

of specific subsets of PfEMP1 variations. The involvement of a specific PfEMP1 variation in pregnancy-

associated malaria, which is caused by the binding of VAR2CSA-expressing iRBCs to placental 

chondroitin sulfate A (CSA), is one of the first and, so far, most convincing cases. The first placental 
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malaria vaccines, which are now undergoing clinical studies, are being developed by taking advantage of 

the protein's remarkably conservation (Dominique et al., 2019). 

 

Figure: 4 Malaria vaccine 

 

It is possible to include the genes that contribute to pediatric malaria in this functional segmentation of var 

genes. Var genes, for instance, can be divided into UpsA, UpsB, and UpsC groups according to the 

upstream promoter sequence (Ups). When there is a serious infection, UpsA genes are usually increased, 

especially in young children (Buckee & Recker, 2012). The UpA group's sequence diversification appears 

to be more restricted than that of other groups, despite their general richness. When endothelial protein C 

receptor (EPCR) appeared to be associated with cerebral malaria, there was initially a great deal of 

excitement. Because of its apparent importance in the outcomes of severe infections, this interaction is 

currently being pushed as a possible target for disease vaccines (Molina-Franky et al., 2022)  

The main issue is that, rather than depending only on parasites enclosed in tissues, results are frequently 

dependent on correlations that have been seen between clinical consequences and the relative expression 

of gene variants in the population of infecting parasites that were obtained from peripheral blood (Lee et 

al., 2019). These investigations are made more difficult by the significant technological hurdle of 

accurately accounting for people's exposure histories and, by extension, their immune condition at the 

time of infection. Caution must be used when inferring causality, as recently highlighted by Azasi et al. 

(27), who found that in vitro iRBC attachment to endothelial cells is frequently independent of EPCR and 

can be quickly terminated under flow circumstances (Vandenbroucke et al., 2016). 

Several strategies are proposed to overcome these issues: (1) Investigate associations between peripheral 

parasite gene expression levels and direct measures of sequestration through malarial retinopathy; (2) 

Improve understanding of the role of NAI in influencing the infecting parasite population; (3) Examine 

associations between peripheral parasite gene expression levels and direct measures of sequestration 

through mucosal surfaces; and (4) Enhance the assessment of parasite sequestration in tissues by directly 

observing parasites within capillaries through mucosal surfaces to correlate capillary congestion with 

disease consequence. 
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Who is sick, and who aids in the spread of the disease? 

We must take into account variables such as an individual's past exposure to the parasite to comprehend 

and manage malaria. It is important to know who is affected right now, who spreads the sickness, and how 

much. However, determining the prevalence of an illness is difficult. Approximately half of all malaria 

infections are missed by the widely used technique of microscopy, particularly those with fewer than 100 

parasites per microliter. Surprisingly, low-transmission zones have higher rates of low-density illnesses. 

Microscopy misses about 88% of infections in areas where the prevalence is less than 10%. A considerable 

reservoir of low-density infections is revealed by new, ultrasensitive PCR techniques, with a detection 

limit as low as 22 parasites per milliliter. 

It's difficult to understand transmission. Numerous parasite clones are involved in many illnesses, and new 

infections frequently appear alongside asymptomatic parasitemia, leading to new outbreaks. The genetic 

variation of the parasite makes it difficult to define the incidence or force of infection, which is related to 

new infections throughout time, even when the percentage of infected persons is known. Tracking 

transmission chains is challenging due to a lack of trustworthy markers. The complexity of the infection 

is shown by advanced sequencing techniques, particularly in high-transmission areas where people may 

have up to 20 clones. By counting new genotypes acquired throughout time, the molecular force of 

infection (molFOI) assists in determining transmission networks and focal areas. 

The focus of surveillance is on asexual parasites that produce symptoms. A very small proportion develop 

into gametocytes, which mosquitoes disperse, during the sexual stages. Uncertainties surround gametocyte 

dynamics, their relationship to transmission, and the transition to sexual development. Recent research 

casts doubt on the notion that infectivity and asexual parasitemia are directly related. Asymptomatic 

infections cast doubt on early beliefs by contributing more to transmission than previously thought. For 

example, research conducted in Ethiopia revealed that just 15% of the population gives blood. A 

gametocyte might collect beneath the skin and affect transmission. Although there is a connection between 

the prevalence and the intensity of transmission of gametocytes to infectious sporozoites, there are still 

issues because mosquito behavior during sexual change is unknown. 
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Development of transfection technologies for Plasmodium parasites

 
 

 

1993
• Temporary transfection(Fus-Kujawa et al., 2021)

1995

• Stable transfection (DHFR selectable marker for P. berghei)

• Temporary transfection using CAT reporter     (Carvalho & Ménard, 2005)

1996

• Toxoplasma gondii DHFR selectable marker stable transfection, and DHFR selectable 
marker for T. gondii with stable episomal transfection (Robert G et al., 1993)

1997

• Human DHFR is a novel selectable marker, and GFP reporter (Böhme et al., 2018)

• Knockout genes

1998
• GFP reporter (Soboleski et al., 2005)

1999

• 151 New selectable markers (BSD, Neo)

• Luciferase reporter

2000
• Human DHFR sequence modification via sequencing (Liu et al., 2013)

2001

• Enhancement of gene knockout

• New PAC (selectable marker)           (Xu29427645, et al, 2011)

2002
• Selection in opposition (TK and CD, 2011)

2004
• Conditional gene deletion system 155 FLP–frt       (Maltzman & Turka, 2007)

2005

• Amaxa high-translucency transformation and 
Selection vs (yFCU)

• Bxb1 integrase system                                                         (Knuepfer et al., 2017)

2007
• DD post-translational suppression mechanism (Gough & Sadanandom, 2021)

2008
• CAD post-translational shutdown mechanism (Zhong et al., 2023)

2011

• Recombineering, GIMO61,111,11, piggyBac transposon mutagenesis

• New selectable marker (DHODH), Cre-loxP and FLP-frt conditional gene-deletion 
systems, and DDD post-translational knockdown system               (Habibi et al., 2022)

2012
• System 105: Zinc-finger nuclease genome editing and ATc conditional knockdown 

mechanism of transcription                                                                  (caroll, 2011)

2013

• DiCre conditional gene deletion system and the riboswitch post-transcriptional 
knockdown system (kudyba et al., 2021)

2014

• Recombineering PlasmoGEM112, 103,109 CRISPR-Cas9 genome editing system and 
Systems TetR-aptamer 10 (Tahir et al., 2022)
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Moving forward 

The discovery of EPCR-binding phenotypes and their conceivable participation in cerebral malaria have 

sparked interest and inspired some hope for the creation of a disease vaccine. However, one still needs to 

clearly show the causal relationship between host receptor binding and certain illness presentations to 

make a compelling case (Maltzman & Turka, 2007). 

It's important to noter that every parasite has at least some of these "disease-causing" or rather "disease-

associated" variations in its repertoire. That is, if the parasite is allowed to express the whole range of 

PfEMP1 antigens during infection, what happens? PfEMP1 expression has been demonstrated to be 

hierarchical and host immune responses can affect which variations are produced throughout an infection 

(Health, 2012). This, however, does not account for why an infection causes severe malarial anemia in 

one child but cerebral malaria in another. Additionally, the observed hierarchical expression of the var 

genes may simply be the result of the parasites using different molecular tactics to circumvent immune 

responses in people with varying levels of immunity. Group A-like var genes that were previously linked 

to severe malaria have been shown to express highly in asymptomatic infections, which suggests that the 

PfEMP1 antigens they encode may be involved in the upkeep of chronic infections. Currently, more 

comprehensive (i.e., systems and -omics) approaches should be able to provide more information about 

the precise immunological and parasitological processes involved in the development of disease, 

particularly when taking into account the makeup of the infecting parasite population about the host's 

immune history.(Natama et al., 2021). 

We also need to use more sophisticated methods to enhance our comprehension of NAI to malaria. 

Importantly, this calls for  

✓ a precise description of what protection entails and  

✓ strong and quantifiable correlates of protection, neither of which are simple.  

As was previously said, NAI must be viewed as a multi-stage process, if not a continuum, in which the 

severity of the infection typically lessens with repeated contact with the infection. countless studies have 

used prospective cohort studies to uncover correlates of protection by correlating the occurrence of clinical 

episodes with people's immune responses to predetermined panels of antigens. These studies frequently 

have modest effect sizes, which results in inconsistent findings and poor reproducibility. This is made 

even more difficult by the absence of accurate indicators of how frequently an individual has been tested 

in the past, which is crucial to take into account given that cumulative exposure to infection increases both 

the needle of protective responses and the haystack of non-protective responses, as well as NAI itself. 

Furthermore, reducing this complicated process to a binary phenotype (protected or not) skips over some 

of the complexity that underlies NAI and malaria pathophysiology, making it unlikely to give a complete 

view of the multiple processes at play. In that regard, it is also crucial to use more advanced techniques to 

analyze ever-more complicated datasets. In their capacity to extract non-linear correlations and 

interactions from high-dimensional data in a hypothesis-free way, machine learning systems provide a 

variety of advantages over more conventional, univariate analyses. For instance, in a recent study, were 

applied machine learning to protein microarray data including thousands of observed immunological 

markers to uncover predicted signals of clinical protection. In another study, Helb et al. estimated recent 

exposure to the malaria parasite using a predictive approach based on machine learning. These effective 

methodologies do, however, heavily rely on comprehensive and reliable datasets that allow for the proper 

cross-validation and verification of study findings. The use of ensemble datasets across numerous 
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investigations, which has lately been encouraged to more precisely characterize the infectious reservoir 

and evaluate transmission, is a significant step in that direction. 

Last but not least, a deeper comprehension of the biology of mosquito-human and human-mosquito 

transmission requires a greater understanding of regional vector ecologies. Surprisingly, we still know 

relatively little about how shifts in mosquito species distribution and abundance over the past few years 

and decades—some of the most crucial factors influencing malaria epidemiology—might have not only 

influenced but actively shaped some of the observed shifts in malaria incidence. Unfortunately, there are 

only a few vector species for which comprehensive and long-term surveillance data on vector dispersal 

are available likewise epidemiological conditions. Therefore, to develop a fine-grained and holistic 

understanding of malaria epidemiology that takes into account the Plasmodium parasite, the human host, 

and the mosquito vector, large-scale vector sequencing initiatives, like the malariaGEN 1000 genomes 

project, as well as more in-depth investigations into the behavioral and ecological factors underlying this 

part of the transmission cycle, will have a crucial role to play. 
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