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Malariais a disease caused by an apicomplexan parasite,plasmodium. It can be life threatening
and fatal if not treated promptly. Malaria does not confer sterile immunity that iswhy it is
slightly different than other infectious diseases and it occurs mostly in poor tropical and
subtropical areas of the world. In many of the countries affected by malaria, it isaleading cause
of illness and deathespeciallyin many devel oping countries, where young children and pregnant
women are the groups most affected (1, 2). According to the World Health Organization’s World
Malaria Report 2017 nearly half the world' s population livesin areas at risk of malaria
transmission.According to the WHO estimates, released in December 2015, there were 214
million cases of malariain 2015 and 438,000 deaths (3). Existing strategies to control malaria
include vector control, chemoprevention and case management. We have been struggling to
devel op an efficacious vaccine to strengthen our fight against malaria. Until now thereisno
malaria vaccine available commercially. Mg or bottlenecks for devel oping malaria vaccine are
the high complexity of the malaria parasite, the lack of atraditional market, and the technical
complexity of developing any vaccine against a parasite, lack of a sound understanding of
complex immune response to malariainfection as malaria parasites are genetically complex.
Antigens which are being used now days were discovered decades ago. However some progress
has been made in the past several years toward developing malaria vaccine. The most advanced
vaccine candidate is RTS,SYAS01 against the most deadly form of human malaria, Plasmodium
falciparum. It is a recombinant protein candidate malaria vaccine that targets the P.

fal ciparumcircumsporozoite protein. It isthe only ongoing research vaccine against P.
falciparum, which might ill take 3 to 5 years to come in market, if safety and effectiveness are
consider acceptable. However significant advances have been made with the completion of a

Phase 3 Clinical trial of the RTS,SYAS01 candidate vaccine. In 2009 A phase 3 Clinical trial of



the RTS,SYAS01 began in seven countries. It is completed and Phase 4 has been began now (3,

4).

A constant need to identify novel vaccine candidate as well as their characterization to explore
their vaccine potential is the need of the hour. Erythrocyte binding antigen family, and the Rh
protein family until now are the most promising candidates for development of blood stage
vaccines. An important class of proteins performing crucia functionsin the parasite and having
blood stage vaccine potential are the thrombospondin structural repeat (TSR) containing proteins
(5). ldentifying the proteins involved in the invasion of red blood cell by the malariaparasiteis
commonly used to identify novel blood stage vaccine candidates. In addition the approach to
combine numerous antigens together to develop an effective vaccine has also been a successful

strategy where the parasite is targeted at more than one pathways (6).

The malaria parasite life cycle involves two distinct hosts, mosquito and humans. Mosquito
injects the sporozoites during a blood meal into the human host, which infect liver cells.
Sporozoites undergoexo-erythrocyti cschizogony,releasing themerozoites into the blood stream.
Thisisfollowed byerythrocyticschizogony where the parasite multiplies asexually in the
erythrocytes. Merozoites infect red blood cells. The ring stage trophozoites mature into
schizonts, which rupture releasing merozoites. Some parasites differentiate into sexual
erythrocytic stages (gametocytes). Blood stage parasites are responsible for the clinical
manifestations of the disease. The gametocytes, male (microgametocytes) and female
(macrogametocytes), are ingested by an Anopheles mosquito during ablood meal. The parasites
multiplication in the mosquito is known as the sporogonic cycle. While in the mosquito’s
stomach, the microgametes penetrate the macrogametes generating zygotes. The zygotesin turn

become motile and elongated (ookinetes) which invade the midgut wall of the mosquito where



they develop into oocysts. The oocysts grow, rupture, and release sporozoites, which make their
way to the mosquito’s salivary glands. Inoculation of the sporozoites into a new human host

perpetuates the malarialife cycle (7).

In absence of a successful vaccine, malaria control relies on the use of anti-malarial drugs. Itis
important to understand the enemy before designing the defense strategies. Therefore to
recognize the complexities of parasite biology is the prerequisite to fight against malaria either
through avaccine or through antimalarials (8-10). Various signaling pathways involving small
molecules like cAMP, cGMP are shown to be crucial regulators of parasite invasion and
propagation, so inhibitors of their downstream effectors involving protein kinase A(PKA),
protein kinase G (PKG), calcium dependent protein kinases (CDPK 1) like proteins can prove to
be vital for antimalarial chemotherapy (11, 12). Phosphatidylinositol 4-Kinase (P14K) has also
shown to be an attractive target for malaria treatment (13). In addition targeting parasite specific

pathways and enzymes is also important to avoid the off target effects of antimalarials(14).

Artemisinin-based combination therapies (ACTS) are the best available treatment for P.
falciparum malaria. The impact of the use of ACTs for malaria treatment is proven by the fact
that Miss TuY ouyou was awarded the 2015 Nobel Prize for Medicine for the discovery of the
malariadrug, Artemisinin. But to the dismay of malaria research community all over the world,
parasite resistance to artemisinins has been detected in 5 countries of the Greater Mekong
subregion: Cambodia, Lao People’'s Democratic Republic, Myanmar, Hailand and Viet Nam as
observed in case of all previous anti-malarial drugs. The major concern now is the spread of
multi-drug resistance to other regions with dire public health consequences. Many proteins have
been identified to have rolein ART resistance (e.g., ATG18, coronin, pfap2, falcipain 2a)(15-

20), but the P. falciparumKelch 13 (PfK13) protein isthe validated marker for ART resistance so



far, asmutationsin its propeller domain have been associated with ARTresistance (21). The most
critical benchmark in the study of ART resistance was the identification of single point mutations
in the propeller region of P. falciparumkelch protein gene on chromosome 13 (PfK13) asa
molecular marker associated with delayed parasite clearance in vitro and in vivo(21, 22).
Numerous studies have been reported to determine the levels of polymorphisms of K13 in this
region in order to map the spread and evolution of ART resistance. Since K13 polymorphismis
the only marker for ART resistance so far, it isimportant to screen for its genetic diversity ina
region specific manner (23-26).Very interestingly there have been some reports of slow parasite
clearance rates even in absence of K13 mutant alleles suggesting the role of additional molecules
in development of ART resistance in P. falciparum. It would be crucial to identify additional
genetic loci involved in ART resistance. In addition to falciparum malaria, it isinevitable to
study the non-falciparum malaria, specially the P. vivax and also validate as well as screen for
the drug resistance markersin P. vivax, especially in the endemic areas of higher vivax burden
(27-30). The pace at which the geographical extent of artemisinin resistance is spreading is faster
than the rate at which control and elimination measures are being developed and introduced. This
emphasizes the fact that apart from understanding the current state and mechanisms of
antimalarial drug resistanceit is extremely essential at the same time to expand the current
arsenal used againgt the parasite. Thiswould include the identification and devel opment of novel

vaccine candidates and the anti-malarial drug targets for malaria.

Conclusion:

A magjor challenge for the scientific community and funding agenciesisto develop a successful
and more effective malaria vaccine. Since alimited number of antigens are being pursued as

vaccine candidates so there is an urgent need to find more effective candidate vaccine antigens



while testing the current candidates of malaria.ln addition to identification of novel malaria
vaccine candidates and validation of their vaccine potential, we need to identify new drug targets
aswell as new chemotherapies for malaria treatment to strengthen our arsenal in the fight against
malaria. Understanding the parasite biology in further details will also broaden our strategiesin

its control and €limination worldwide.
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