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Abstract

Malaria, caused by Plasmodium parasites and transmitted by Anopheles mosquitoes, greatly impact public
health and socioeconomic development, particularly in Sub-Saharan African countries. In recent years number
of clinical cases and death increases after treatment and prevention of malaria. Due to complex life cycle and
genetic diversity of Plasmodium parasites and a challenge development in vaccine development, resistant
persist towards artemisinin. This review highlights the most recent research progress and understanding in
Plasmodium biology, with a primary focus on P.falciparum and associated pathogenesis. Anti-malaria drugs
are also taken for therapeutic targets have also been summarized. Artemether-Lumefantrine, Atovaquone-
Proguanil and Primaquine are discussed and their benefits and limitations are highlighted in case of drug
resistance. Some new vaccines like Sevuparin, Imatinib, Cipargain aredevelop against resistance vaccines.
Overall, this review provides a detailed summary of the latest progress in malaria research and emphasizes the
need for continous monitoring and innovation in malaria treatment.
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I.  Introduction

P. falciparum, P. vivax, P. malariae, P. knowlesi and P. ovale were some Plasmodium species causes
malaria [1-6]. Mixed infections of P. falciparum with P. malariae and/or P. ovale in Africa [7] and P.
falciparum with P. vivax and/or P. knowlesi in Southeast Asia have posed challenges in disease control [8,9]. In
prediction to 2030 the number of cases of malaria increasing day by day nowadays [10]. According to WHO’s
report in the year of 2023 the cases of malaria increases continually. An estimated 263 million cases occur in
Congo (12.6%), Uganda (4.8%), Mozambique (3.5%), Nigeria (25.9%) and in some other countries [11].

The sporozoites injected by Anopheles mosquito travel to liver for differentiation [8,12].

Merozoites infect RBCs (red blood cells) after 5-7 days of the infection. It multiplies in hepatocytes in
thousands and infect the cells [13]. A recent study revealed that P. falciparum disproportionately infected school
aged boys received a high number of mosquito bites. It highlight the interventions targeted malaria transmission
[14]. The infection in RBCs result in coldness, shivering, sweating, headache, chills and vomiting [15]. Without
confirm treatment, P. falciparum malaria can lead to severe illness and death with anemia, respiratory distress,
or cerebral malaria [16].

Malaria treatment regimens are based on the parasite type, symptom severity and patient age [17]. For a
decades classical drugs such as quinine, chloroquine, pyronaridine, pyrimethamine and piperaquine were widely
used in the clinics. As antimalarial drug resistance arises P. falciparum ART based ACT has been recommended
as the first line treatment. Chinese scientist discover special plant extract in the treatment of malaria patients
[18]. Artemisia leaves extract have great potential in the treatment of malaria. Single drug treatment done by the
plant extract to overcome the resistance [19]. The mechanism of overcome drug resistance P. falciparum have
attracted tremendous attention, and gene mutations and duplications have been regarded as the main causes,
whereas the specific mechanism of ART resistance is a debated issue that will be discussed later.

In this review at first we will discuss about the epidemiology of the disease. In epidemiology we will
discuss about the global distribution of the disease, trends in malaria incidence and mortality. Next we will
discuss about the parasite genomics. The clinical features of malaria will be discussed in detail, focusing on
symptoms such as fever, cerebral and placenta-associated malaria. Then clinical section followed by pathogenic
section.

Epidemiology of malaria
Malaria remains a significant global health challenge, with an estimated 263 million cases reported in 83
endemic countries across five WHO regions in 2023, reflecting a slight increase from 11 million cases in 2022,
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according to WHO’s World Malaria Report 2024 (www.who.int/teams/global-malaria-programme). In 2015, 93
countries were becoming malaria endemic. Among them 26% were becoming malaria free. It met the GTS
morbidity milestone for 2023. Malaria case reduces by 34% and expected less than the target. 15% had similar
incidence to 2015 and 26% experienced an increase in case incidence. Malaria can be control by several factors
like proverty, funding gaps, and climate change. It sets a global efforts to reduce malaria transmission.

In Sub-Saharan Africa about 94% of global cases in 2023 was observed. The burden concentration is
highest in Nigeria (30.9%), Congo (11.3%), Niger (5.9%) and Tanzania (4.3%). In 2023, the region reported
246 million cases and 569000 deaths. The  P. falciparum most virulent malaria species show vulnerable
infection among young children, pregnant women and adults [20,21,22]. Young children also faces greatest risk
of disease [23]. The environmental factors involve in support of breeding of Anopheles mosquitoes [24-26].
Low health infrastructure, limited access to diagonostic tools, high cost of insecticides lead to the spread of
malaria [27].The rapid spread of artemisinin in Africa result in partial resistance which was a serious threat for
both health and economic impacts. In South east Asia we were spreading the plants for the treatment of malaria
that cannot be resistant [28].

In South East Asia 4 million cases in 2023 was reported in 2024. In some countries like Indonesia
(27%), India (51%), Mayanmar (21%) and in Vietnam (370 cases only). These countries have made a reason for
eliminating malaria in these zones. 48% of malaria spread due to P. vivax. In Asia antimicrobial resistace is
observed in Cambodia, Thailand, Myanmar and Vietnam [29]. In recent years P. knowlesi infection has become
an increasingly significant issue in malaria prominent in Indonesia, Malaysia, Thailand and Combodia. On an
average 3290 cases of P. Knowlesi infection were documented in 2023, 2768 cases reported in 2022.

Malaria in the Americas is primarily confined to Brazil (33%), the Bolivarian Republic of Venezuela
(26%), Colombia (21%), Guyana (6%), and Peru (4%) reporting the highest burden according to World Malaria
Report 2024. In 2023, the region recorded ~505642 cases. P. vivax spreaded malaria in Guatemala and Mexico.
Brazil, Colombia, French, Guiana, Panama, Peru, Nicaragua, Bollivia were the states where P. vivax spread
across 60% to 92%. All indigenous cases reported here ncluding Dominician Republic and Haiti, 92% reported
in Costa Rica in 2023, were related to P. falciparum. Malaria transmission is less intense in sub-Saharan Africa
than other areas. In remote and rural areas healthcare access is still limited and migratory movements increase
the risk of malaria transmission. To control malaria in South America mass drug administration (MDA) and
indoor residual spraying program was done. To control further complications in drugs treatment P.vivax which
was resistance to chloroquine was required for the first line treatment.

Malaria cases in the WHO Eastern Mediterranean Region were estimated to have decreased by 37.7%
between 2000 and 2015, dropping from 6.9 million to 4.3 million according to World Malaria Report 2024.
Reversed cases arised by 137% between 2015 to 2023 near about 10.2 million. In between the year of 2021 to
2023 large malaria outbreak occur in Pakistan. A rise of 3.7 million people affected by malaria following
catastrophic flooding affected over 30 million people. Several countries experienced notable increases in
malaria cases, with Afganistan seeing a rise in estimated cases from 288000 in 2022 to 424000 in 2023. In
Afganistan and Pakistan P. vivax spreaded rapidly. In Sudan, Yemen the malaria spread slowly due to lower
resident. WHO supported a subnatural estimated efforts to this nations to improve decision-making and guide
malaria control strategies in regions with unstable conditions.

To control malaria in different region global challenges arises. The World Malaria report 2024
highlights the risk of climate change. It alter the risk of malaria vector transmission and their behavior. Extreme
weather events such as floods and heatwaves, have been linked to increased malaria outbreaks, though the
precise relationship between climate change and malaria transmission remains unclear [30,31]. The COVID-19
pandemic has also significantly disrupted malaria control efforts leading to delays in the distribution of
mosquito nets, diagnostics tool and antimalarial treatments [32-37]. In each and every country it is very difficult
to treat malaria for limited weapons.

The global malaria burden remains high due to introduction of some old medicine and vaccines. RTS,
S/AS01g, r21/Matrix-M vaccine were some vaccines. The cases of malaria increases in 2024 in comparison to
other years. The emergence of drug resistance, climate change, and the lingering effects of COVID-19 pandemic
present significant challenges. We addressed these issues for crucial meeting and global elimination targets.
Related to research, surveillance and development in innovative tools and strategies were essential for reducing
the global burden of malaria and ultimately achievement of the eradiction.

Plasmodium Genomics

In aquatic invertebrates and some protozoa with chloroplasts lived in the intestine. Ancestors of
Plasmodium parasite were reside in them [38]. This species involved in photosynthesis and adapted itself from
ancestor to host [39]. Origins of Plasmodium parasites were closely linked to the host DNA sequence [40-
42].For about 5500 years among 16 countries the comprehensive study of mitochondrial and nuclear genomics
were expanded. The species were P. falciparum, P.vivax and P. malariae respectively [81]. This section will
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explore the evolution of Plasmodium parasites, tracing their origins from free-living protozoa with chloroplasts
to the complex parasites that depend on the apicoplast for host adaptation. GC/AT content, genomic sequences
in genome size, organization were well defined genomic sequencing efforts listed in PlasmoDB. Comparative
genomic analysis of different Plasmodium strains have been explored insights genomic diversity, parasite
evolution and population genetics. Additionally the section will review rodent malarial parasites models, such as
P. chabaudi, P. yoelii and P. berghei. They emphasizes on conserved core genomes and facilitate immune
invasion. It also highlights on sigle-cell biology techniques that applied to Plasmodium research. Researcher
understand the single —cell RNA sequencing to understand parasite development, transmission-blocking
strategies and host-parasite interactions.

DNA sequences had done of Plasmodium species have genomes of 18-30 megabases (Mb) packaged
into 14 chromosomes [43]. Multigene families were found near the telomeric ends of each chromosome,
organized like a nucleus [44]. The P.falciparum 3D7 genome present in the malaria parasite genome was fully
sequenced. The sequencing result was low GC content i.e near about 20% [45]. P. relictum and P. gallinaceum
were some malaria parasites which have similar AT contents that like of P. falciparum [46,47].
Polychromophilus parasites, which infect bats, have compact genomes with a small number of protein-coding
and RNA genes, highlighting their unique evolutionary adaptations [48,]. PlasmoDB is a public database where
we can deposit genomic data after sequencing (https://plasmodb.org/).

Comparison of genomic sequences of Plasmodium species in different parasite evolution, genomic
diversity, population genetics and drug resistance possibilities . P. falciparum NF54 isolated from patient f
Netherlands, was one of the first strains used in clinical trials for malaria vaccine study [49,50]. Its genome size
is ~ 23.40 Mb, with ~5273 proten-coding genes (PCGs), 229 noncoding RNA (ncRNA) genes, and 107
pseudogenes. A parent clone of P. falciparum NF54, was P. falciparum 3D7 strain widely used strain in
laboratories worldwide . Its genome is ~23.33 Mb, comprising~5318 PCGs, 244 ncRNA genes, and 158
pseudogenes. The P. falciparum HB3 strain is a well-characterized Honduran chloroquine-sensitive strain
[51,52]. Its genome is approximately 22.81 Mb, with ~5186 PCGs, 141 ncRNA genes, and 134 pseudogenes.
The P. falciparum 7GS8, a Brazilian isolate and genetically distinct from the West African parasite P.
falciparum NF54 [53]. It genome is ~22.83 Mb, ~5183 PCGs, 161 ncRNA genes and 161 pseudogenes.
Different strains of P. falciparum help in the vaccine development and drug resistance studies.

Malarial parasites that were rodents serve as a valuable models for studying species such as P.
falciparum and P. vivax [54]. Three commonly used laboratory species were P.chabaudi, P.yoelii and P. berghei
[54]. A conserved core genome present in both human and animal malarial parasites [42]. This includes
essential genes for fundamental biological processes such as replication, transcription and basic metabolic
pathways [55,56]. In addition, both human and animal Plasmodium species have chromosomal sub telomeric
regions that contain large gene families involved in host—pathogen interactions and antigenic variation. These
regions are prone to a high rate of recombination, aiding in gene diversity and

immune evasion. For example, the P. vivax (human) and P. yoelii (rodent) genomes both feature
variable gene families in sub telomeric regions. However, P. falciparum has a unique gene family, the var gene
family, encoding P. falciparum erythrocyte membrane protein 1 (PfEMP1) proteins involved in cell adhesion
and pathogenesis, which are absent in rodent and other primate malarial parasites. Similarly, rodent malarial
parasites have their own unique gene families, such as the CIR/BIR/YIR families, which

are absent in human malarial parasites [56,57].

Entire research on Plasmdium genome an era in the development and application of single cell-biology
represented here. In 1998, single-cell reverse transcription PCR was first applied to amplify PfEMP1 with
degenerate primers. This lead to the discovery of multiple var genes in a single P. falciparum. Parasite [58].
In 2019, Howick et al. utilized single-cell RNA sequencing (scRNA-seq) and identified 20 transcriptional
modules among 5156 key genes, revealing a high resolution transcriptional atlas during the life cycle of P.
berghei. The application of this atlas led to the possibility of defining of Plasmodium developmental stages on
the basis of stage specific transcription markers [59].

Clinical features of Plasmodium

Malaria present itself in a wide range of clinical complicated and uncomplicated manifestations [61].
The clinical features of malaria were primarily responsible for Plasmodium infection, diagnosis and
treatment[60]. In this sections we were going to discuss about clinical manifestations. It is associated with
P.falciparum infection, which mainly focuses on severe symptoms. Complex pathogenesis also necessary for
comprehensive management strategies. The section will then focus on CM, detailing its definition. This section
also going to deal about pregnancy-associated malaria (PAM). It depends on placental sequestration and its
detrimental effects on both maternal and fetal health. In case of pulmonary complications both pulmonary
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edema and acute respiratory distress syndrome (ARDS) were also presented. Both adult and children underlying
immune responses. Then the clinical features of both malaria were summarized. Both direct parasite induced
effects and indirect immune mediated processes were taken and granted. The potential therapeutic interventions
aimed at mitigating these severe outcomes are reviewed.

Uncomplicated malaria contain such symptoms such as fever, headache, nausea, vomiting, muscle
aches and general malariae [62]. In low malaria zone region influenza was observed. In malaria-endemic areas,
these symptoms were self treatment or presumptive diagnosis. Some physical condition such as elevated
temperature, sweating, weakness, splenomegaly, mild jaundice and hepatomegaly observed. By using
microscopy identification of Plasmodium parasites confirmed in the blood samples. Laboratory findings often
include mild anemia, thrombocytopenia, low platelet counting, elevated bilirubin and elevated liver enzymes
(aminotransferases) [62,63]. In clinics rapid diagonostic test can be determined all the malaria parasites [64].

After severe infection malaria occur and organ failure occur and abnormalities observed in blood or
metabolism [65].

Pathogenetic mechanisms

The pathogenesis of malaria, particularly P. falciparum infection,involves intricate molecular
mechanisms that lead to severe clinical outcomes. This section highlights the role of cytokines like TNF-o and
IFN-y in activating endothelial cells, leading to the sequestration of infected red blood cells (iRBCs) via the
PfEMP1 protein, a key factor in CM. It concludes how the PfEMP1 family enables the parasite to evade the
immune system through antigenic variation, allowing it to adhere to host receptors such as

CD36, ICAM-1, PECAM-1, and EPCR, which are associated with severe malaria. The section also
covers the immune response, noting the roles of innate immune cells like macrophages and dendritic cells in
producing inflammatory cytokines, and adaptive immune components such as CD4* T cells, CD8" T cells, and
antibodies. It further describes the challenges of antigenic variation and the difficulty in achieving long-term
immunity and vaccine development.The primary processes of sequestration of P. falciparum-infected
erythrocytes in the microvasculature involve the activation of endothelial cells mediated by various cytokines
and the adherence of iRBCs to multiple host receptors via PFEMP1. Tumor necrosis factor-alpha (TNF-a)) [66-
68] and interferon-gamma (IFN-y) [69-75] play critical roles in endothelial activation by upregulating the
expression of endothelial adhesion molecules, thereby facilitating the sequestration of iRBCs . Additionally,the
release of cytokines by immune effector cells contributes to the procoagulant state of the brain observed in
patients with CM.[76] A recent study revealed that CD8+ T cells adhere to the endothelium and that their
interaction with perivascular macrophages leads to the release of cytotoxic cytokines, further damaging the BBB
and contributing to brain edema [77]. Mechanistically, the NH2-terminal head structure containing the duffy
binding-like domain 1 (DBL1a), cysteine-rich interdomain region (CIDR1a) and DBL26 of PfEMP1 mediates
iRBC adherence to multiple host receptors,[78] including cluster of differentiation 36 (CD36), intercellular
adhesion molecule 1 (ICAM-1), platelet endothelial cell adhesion molecule-1 (PECAM-1), and endothelial cell
protein ¢ receptor (EPCR), which are closely associated with the occurrence of CM.[79,80]. This is discussed in
more detail in the following paragraph. The binding of iRBCs to these receptors triggers a cascade of
inflammatory responses and endothelial activation, contributing to the pathophysiological changes observed in
CM.[81,82]. The sequestration of P. falciparum-infected iRBCs in the micro vasculature has been recognized as
the main cause of organ failure in patients with severe malaria [83]. As previously discussed, PFEMP1, encoded
by the ~60 var gene family, is the principal molecule implicated in CM and has been extensively characterized
in the context of malaria pathogenesis [84]. After synthesis, PFEMP1 is exported to the surface of infected red
blood cells, where it forms knob structures that facilitate iRBC attachment [85]. Although multiple distinct var
gene transcripts can be detected simultaneously in bulk cultures and in individual infected erythrocytes, only
one var transcript is virtually expressed and translocated on the surface of an iRBC. Moreover, frequent
expression switching of these transcripts, which is mutually exclusive [86] results in almost unlimited strategies
for the parasite to escape immune recognition and clearance [87].

On the basis of sequence homology in the upstream regions, the var genes can be categorized into five
subgroups: UpsA, UpsB, UpsC, UpsD, and UpsE [88]. These subgroups are distributed across

different locations on P. falciparum chromosomes. The UpsA subgroup var genes are located in the
subtelomeric regions of the chromosomes; UpsB subgroup genes can be found in either telomeric or central
regions; and UpsC subgroup genes are located primarily in the central regions of the chromosomes [89]. Severe
malaria is frequently associated with the expression of A or B subgroup var genes,[90] whereas mild or
asymptomatic malaria is linked to the expression of C subgroup var genes[91]. In the protein structure , PFEEMP1
contains multiple Duffy-binding-like (DBL) domains and a cysteine-rich interdomain region (CIDR) in its
extracellular sequence, along with a shorter acidic terminal
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sequence in its cytoplasmic tail. CD36 is a receptor for most N-terminal DBL—-CIDR domain cassettes
across various PfEMP1 variants, a common feature of the majority of PFEMP1 variants

(types B and C) [92,93]. Another receptor common to the PFEMP1 A and B types is ICAM-1 [94,95].
Antibodies against the PfEMP1 NTSDBL1o domain can inhibit rosette formation and cyto adherence of
iRBCs.[91] Moreover, antibodies against the PFEMP1 head structure DBL-CIDR domain are more indicative of
malaria exposure than are those against the DBL-a tag,[94] offering insights into exposure and immunity
dynamics. Moreover, the binding of PFEMP1 to nonimmune IgM and a2-macroglobulin («2M) on the surface of
immune cells hinders immune recognition of iRBCs, manipulates

host responses, and aids in immune evasion.[93] Additionally, experimental vaccines using virus-like
particles (VLPs) conjugated to PFEMP1 domains have shown promise in inducing inhibitory

antibodies, offering a potential pathway for developing effective malaria vaccines [94]. Recently, the
breadth of antibody responses to P. falciparum variant surface antigens on iRBCs, not to specific

PfEMPI antigens, has also been implicated as a predictive factor for protection against malaria in
controlled human malaria infection [95].

II. Conclusion

In Sub-Saharan Africa Malaria becomes a death threat among human beings for a prolong time being.
Malaria generally caused by Plasmodium parasites transmission occur by anopheles mosquito. It is a global
health challenge among people. The life cycle of plasmodium depend on laying eggs in human blood.i.e
vertebrate host. Also drug resistant arises in P. falciparum. We are very glad to clinically isolates the strains.
Studied their genetic stages,modifications and development of new strains. With side by side development of
new strain new medicine also developed. These medicine we applied on human being on clinical trials. Under
pathogenic section we understood how much pathogenic was the strain. We also study the mechanism of
pathogenic.
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