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Abstract: Recently, malaria is remain considered as the most prevalent infectious disease, affecting the human health globally. High 
morbidity and mortality worldwide is often allied with cerebral malaria (CM) based disorders of the central nervous system, especially 
across many tropical and sub-tropical regions. These disorders are characterised by the infection of Plasmodium species, which leads to 
acute or chronic neurological disorders, even after having active/effective antimalarial drugs. Furthermore, even during the treatment, 
individual remain sensitive for neurological impairments in the form of decrease blood flow and vascular obstruction in brain including 
many more other changes. This review briefly explains and update on the epidemiology, burden of disease, pathogenesis and role of 
CM in neurological disorders with behaviour and function in mouse and human models. Moreover, the social stigma, which plays an 
important role in neurological disorders and a factor for assessing CM, is also discussed in this review.
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Despite the advances in medical science, malaria remains 
a fatal disease with a global health impact, affecting the lives 
of 3.3 billion people worldwide. Between 2016 and 2018, 
approximately 400 million cases were reported with nearly 
900,000 deaths (WHO 2017, 2018). Most of the malaria cas-
es were reported from sub-Sahara African region amongst 
pregnant women and children of age 5 and below. Plas-
modium falciparum Welch, 1897, a known causative agent 
of neurological impairments in humans is also recurrently 
considered as utmost vital in rapport of deaths. According 
to WHO, health threat to humans is significantly reported 
by five main species of Plasmodium (P.  falciparum, Plas-
modium malariae Grassi et Feletti, 1890, Plasmodium ovale 
Stephens, 1922, Plasmodium knowlesi Franchini, 1927 and 
Plasmodium vivax [Grassi et Feletti, 1890]) (WHO 2015). 

Other Plasmodium subspecies like P. ovale, P. ovale cur-
tisi Sutherland et al., 2010 and P.  ovale wallikeri Suther-
land et al., 2010 are rare to cause noteworthy diseases and 
no significant and definite evidence is known in regards to 
its primary transmission between humans to humans rath-
er than animal to humans (Ahmed and Cox-Singh 2015). 
Historically, P. falciparum possibly applied bigger selective 

evidence in human evolution in comparison to other kind 
of pathogens. Despite the presence of P. falciparum all over 
the tropical region causing malaria, its impact on health is 
much more disastrous by causing multiple neurological dis-
orders in later stages after treatment. Though, huge sect of 
population is parasitised worldwide, but ratio of death in 
Africa is touching almost 90% comparatively, especially 
children and women (WHO 2015). 

Female of Anopheles Meigen, 1818 mosquitoes transmit 
the malaria parasite via injecting sporozoites during sucking 
a blood meal (Crompton et al. 2014, Ahmed and Cox-Sin-
gh 2015, Bhardwaj et al. 2016, Thievent et al. 2019) The 
sporozoites reach to the liver through blood stream and enter 
into hepatocytes, where they grow exponentially and finally 
into mature schizonts. Later, the mature hepatic schizonts 
got erupted and discharge the countless merozoites, which 
further reaches the erythrocytes. Asexual cycle was then 
initiated by merozoites within 24 hours for P. knowlesi, 48 
hours for P. vivax, P. ovale and P. falciparum and 72 hours 
for P.  malariae (Kerlin and Gatton 2013, Bhardwaj et al. 
2015, Thievent et al. 2019). After complete development of 
erythrocytic schizont cycles, they rupture and releases mero-

http://folia.paru.cas.cz
http://creativecommons.org/licenses/by/4.0
http://dx.doi.org/10.14411/fp.2020.015


doi: 10.14411/fp.2020.015	  Siddiqui et al.: Cerebral malaria: a minireview.

Folia Parasitologica 2020, 67: 015	 Page 2 of 10

zoites into the blood stream and infect the red blood cells 
(RBCs) and further repeat the cycle of infection. Not all, but 
some merozoites grow into gametocytes and spread malaria 
by vector after taking blood meal from the host. (Siddiqui et 
al. 2011, Crompton et al. 2014, Soni et al. 2015). Usually, 
the pre-erythrocytic condition is asymptomatic and symp-
toms only occur, when parasitic cycle of malaria is complet-
ed in the blood (Prudencio et al. 2006, White et al. 2013, 
Siddiqui et al. 2015, Thievent et al. 2019).

Clinical assurance of malaria varies from asymptomatic 
to symptomatic, and is mostly dependent on the individ-
ual’s immune system and infection capacity of species of 
Plasmodium. Host immune strength is determined by the 
age of individual, prior parasite exposure, and degree of 
virulence of the parasite in the environment. Comparative-
ly, mostly pregnant females and children are at larger risk 
than others in developing this severe/fatal disease (Baird et 
al. 1998, Schantz-Dunn and Nour 2009, Schumacher and 
Spinelli 2012, Siddiqui et al. 2018). In the endemic area, in-
dividuals with strong immunity mostly tolerate the asymp-
tomatic malaria. In contrast, patients with less immunity 
suffer from symptomatic malaria with symptoms including 
fever, chills, headache and vomiting. Patients with P. fal-
ciparum infection from additional difficulties like severe 
anemia, acidosis and respiratory associated complications. 
In adults, multi-organ failure is also frequently reported 
(Newton and Krishna 1998, Dondorp et al. 2008a, Perkins 
et al. 2011, Prakash et al. 2014, Thievent et al. 2019)

Epidemiology, burden and transmission of malaria
Malaria is spread approximately in more than 90 coun-

tries (Win Han et al. 2019), with a leading cause of mor-
tality and morbidity in endemic areas. About 96% of ap-
proximately half million patients in sub-Saharan Africa 
died from P. falciparum associated malaria, mostly women 
and children below 5 years (WHO 2018). The key factors 
responsible for transmission are ecological factors, espe-
cially temperature, which a mosquito can sustain and ulti-
mately support the parasite development in it (Dollat et al. 
2019, Win Han et al. 2019). Besides this, the level of trans-
mission is set by recurrence of interaction between humans 
and infected mosquitoes including their population density, 
feeding habits and suitable habitats (Stresman et al. 2019). 
Due to multifactorial contributing conditions, the level of 
transmission is complicated and does not provide the con-
vincing picture of the disease in exposed communities with 
parasitemia (usually asymptomatic) (Chitnis et al. 2019). 

Malaria is considered to be unstable, where threat of 
infected mosquito bites is low. However, in stable endem-
ic areas, disease severity and death are limited mostly to 
youngsters, while adults develop a degree of immunity due 
to rise in exposure times (Apinjoh et al. 2019, Chitnis et 
al. 2019). Under moderate-to-low transmission settings, 
CM is reported to be more prevailing and all age groups 
are prone to infection. Ultimately, spreading of infection 
occurs slowly, year by year, leading towards other clini-
cal and neurological stigmatic disorders (Dayananda et al. 
2018, Reiner et al. 2019). It has been suggested that high 
number of indirect mortality (cause of death other than 

malaria) is linked to malaria exposure. This fact was sup-
ported by many epidemiological studies (Scott et al. 2011, 
Cowman et al. 2016, Reiner et al. 2019).

Cerebral malaria
CM is provoked by P.  falciparum, causing severe neu-

rological impairment during infection. This parasite is as-
sociated with diffuse encephalopathy including coma and 
is accountable for millions of death globally. According to 
WHO, CM is type of known clinical syndrome described 
by coma, hypoglycemia and presence of parasite’s asexual 
form in connective tissues (Who 2015). In spite of having 
all precautions and effectual antiparasitic therapy, CM caus-
es approximately 15–22% mortality. If somehow patients 
survive, they develop long-standing neurological problems 
(Carter et al. 2006, Boivin et al. 2007, John et al. 2008, Pos-
tels and Birbeck 2013, Brejt and Golightly 2019). Swift 
spreading of malarial parasite is very common in Africa 
and it predominantly happens in kids (5 years and younger). 
Adults are rarely susceptible to intense form of transmission. 

Noticeably, cause of death by malaria in other parts of 
the world is lower, especially in South East Asia and South 
America. However, its later effects are significant and ex-
haustive for an individual. The clinical indications of CM 
vary among adults and children (Newton and Krishna 1998, 
Hawkes et al. 2013, Wassmer et al. 2015, Bruneel 2019), 
which signifies the involvement of different pathophysiolog-
ical characters linked with human cerebral malaria (HCM). It 
is also reported that adults suffer from CM confronts another 
acute problems like multi-organ failure, kidney failure, dys-
functioning of liver, respiratory disorders and finally central 
nervous system (CNS) impairment. However, when CM is 
related to African kids coma, anemic conditions and seizures 
were found to be more associated than renal and respiratory 
system failure (Marsh et al. 1995, Idro et al. 2005, Brejt and 
Golightly 2019). CM is also allied with retinal abnormalities 
and symptoms of retinopathy. Therefore, it is used as a tool 
to distinguish malarial coma from non-malarial coma (Beare 
et al. 2004, 2006, 2011, Taylor et al. 2004, Lewallen et al. 
2008, Wijdicks and Park 2018).

Cerebral malaria in rodent model
Experimental cerebral malaria (ECM) model with Plas-

modium berghei Vincke et Zips, 1948 ANKA (PbA)-induced 
infection has been broadly studied to evaluate the mecha-
nisms involved for the onset of CM in mice. In this mod-
el, when a susceptible mouse is infected with PbA, it dies 
within 2 weeks of infection showing various neurological 
symptoms and signs (convulsion, ataxia, paralysis, coma, 
etc.) (Engwerda et al. 2005, Brejt and Golightly 2019). 
Couple of studies demonstrated that demonstrated that ac-
cumulation of infected red blood cells (iRBC) in the brain 
of mice is crucial for the advancement of ECM (Baptista 
et al. 2010, Brejt and Golightly 2019). While, other studies 
have explained that PbA iRBC can gather in murine brain in-
cluding other organs (Hearn et al. 2000, Franke-Fayard et al. 
2005). However, sequestration of iRBC in the brain vascu-
lature is not a key histopathology feature in murine CM and 
its relation with ECM was not illustrated (Hearn et al. 2000, 
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Franke-Fayard et al. 2005). Many other studies reported the 
relation of iRBC sequestration with the onset of ECM in dif-
ferent organs, including brain, using luciferase-expressing 
PbA. As mice started developing clinical symptoms, dense 
amount of parasites in different organs of infected mice was 
found (Amante et al. 2010, Claser et al. 2011). As mice start-
ed developing clinical symptoms, they found dense amount 
of parasites in different organs of infected mice. Recently, 
a  specific feature of ECM has been demonstrated, i.e. ac-
crual of iRBCs in brain blood vessels by PbA and not by 
P. berghei NK65 infection (Strangward et al. 2017). This de-
velopment is an additional contributing characteristic in the 
pathogenesis of ECM, proving that single iRBC is enough 
to blockade of a brain capillary in PbA-infected mice, which 
parallels human CM. The ECM model also shows few sim-
ilarities to P.  falciparum human cerebral malaria (HCM) 
(Hunt et al. 2010, Ghazanfari et al. 2018). 

Complexity of pathogenesis
Host inflammatory responses, micro-vascular obstruc-

tion and proliferated parasite development are few crucial 
and necessary points in P.  falciparum-induced infection, 
which promotes its pathogenesis leading to illness and 
death. This is because mature parasites are capable to ad-
here the endothelial cell lining blood vessels (Wassmer et 
al. 2015). Adherence (sequestration) plays a significant role 
in parasite pathogenesis and triggers an acute inflammatory 
response. Severe malaria is a result of side effects of inad-
equately controlled inflammatory responses to control the 
initial stage of malarial infection (Cunnington et al. 2013). 
The foremost method accountable for HCM development 
and a sign for CM in adults and children is sequestration 
of iRBC in human brain, infected with P. falciparum (see 
Macpherson et al. 1985, Silamut et al. 1999, Pongponratn 
et al. 2003, Ghazanfari et al. 2018). Translocation of ma-
ture parasites present in iRBCs takes place from peripheral 
circulation to micro-vessels of different organs and brain. 

A particular cell-surface ligand, which is expressed by iR-
BCs called as erythrocyte membrane protein-1 (PfEMP-1) 
of P. falciparum is responsible for iRBCs adhesion to vas-
cular endothelium. On the endothelial cells (i.e., intercellu-
lar adhesion molecule 1 (ICAM-1), CD36 and endothelial 
protein C receptor (EPCR), PfEMP-1 is capable for bind-
ing with many host ligands (Newbold et al. 1997, Craig 
and Scherf 2001, Chakravorty and Craig 2005, Kraemer 
and Smith 2006, Ghazanfari et al. 2018). Numerous find-
ings have proven the correlation between CM coma patients 
and sequestration of iRBCs in cerebral vessels (Macpherson 
et al. 1985, Pongponratn et al. 1991, Silamut et al. 1999, 
Pongponratn et al. 2003, Ponsford et al. 2011). Shortage of 
oxygen, fall in blood flow and coma, are known factors of 
iRBCs accumulation in cerebral capillaries, causing uncon-
scious obstruction of the vessels, further leading to death 
(Macpherson et al. 1985, Brejt and Golightly 2019). 

Some patients were mistakenly diagnosed, as seques-
tration of iRBCs was not found in their brain. Therefore, 
it is not right to say that finding sequestration of iRBCs 
in the brain capillaries is the cause for CM (Taylor et al. 
2004, Ghazanfari et al. 2018). This shows the complexity 

of pathogenesis in CM. Many factors play a significant role 
in pathogenesis of CM, resulted in common side effects, 
which are not restricted to just cerebral/brain tissues only 
(Luzolo and Ngoyi 2019). However, abnormalities of en-
dothelial and iRBC sequestration have been determined in 
different organs (lung, kidney, skin, heart and intestine). 
Together, the leakage in the perivascular space is an out-
come from the various defined pathological mechanisms, 
which could ultimately disturb the auxiliary cells (astro-
cytes and pericytes) prominent to localised breakdown of 
the BBB (Luzolo and Ngoyi 2019).

Microvascular destruction and activation of 
endothelial cells

The most important attribute of P. falciparum in causing 
severe malaria is associated with sequestration of mature 
parasites in micro-vascular beds, followed by obstruction of 
blood flow in tissues, which contributes in organ damage, 
acidosis and change in brain metabolic activities (Autino et 
al. 2012, Ghazanfari et al. 2018). This contribution to sud-
den effects like organ damage, acidosis and change in brain 
metabolic activities. Reduced blood flow and sequestration 
are directly interconnected and quantified in various tissue 
masses of retina and mucosal surface of rectum on many oc-
casions (Bruneel 2019). The histological feature with other 
clinical signs acts as a prognostic marker like acidosis and 
neuronal activity (Dondorp et al. 2008b). Large number of 
proteins are able to bind and interact with cell receptors of 
endothelial cells, activated platelets and uninfected erythro-
cytes, leading to formation of clumps of infected cells (Brejt 
and Golightly 2019). The process of binding to uninfected 
erythrocytes is called resetting, and together with sequestra-
tion, this combined process is majorly responsible for the 
severity of disease (Brejt and Golightly 2019). 

Activation of endothelial cells plays a  foremost role in 
micro-vascular pathology of P. falciparum. Increase in the 
expression of receptors takes place soon after the endothelial 
cells get activated (Bruneel 2019). This resulted in binding 
infected erythrocytes to those receptors. Scientists have re-
cently answered a long-term unanswered question, i.e., why 
brain is inclined towards the sequestration consequences 
and how cell adherence directs the endothelial dysfunction 
(Brejt and Golightly 2019). Answer and probable elucida-
tion is the binding of newly identified endothelial protein C 
receptor (EPCR) as a  ligand for PfEMP1-mediated infect-
ed erythrocyte (Bruneel 2019). In fact, this acts as marker 
and imparts a specific role on the result. EPCR has a key 
function in stabilising endothelial cells by stimulating pro-
tein C initiation. It expresses more in micro-vascular beds. 
A  bleeding disorder, coagulopathy, is a  result of infected 
RBC to EPCR coupling by hindering the protein C activa-
tion (Turner et al. 2013). Later, it was found out that impair-
ment of blood’s ability to coagulate predominantly happens 
in brain due to lower expression of thrombomodulin (TM) 
and EPCR (Moxon et al. 2013). Relation of severe malaria 
with the ways of PfEMP1 binding with EPCR is proportion-
al. Thereby, EPCR provides a possible and substantial link-
age amid host factors arbitrating between severity of the host 
and parasite (Turner et al. 2013).
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Neuropathology of cerebral malaria
Approximately 27% of juvenile cases ended with severe 

brain injuries including epilepsy and other long-term cer-
ebral disorders after CM (Carter et al. 2005a, Ngoungou 
et al. 2006, John et al. 2008, Brejt and Golightly 2019). 
Depending on time and inception of symptoms, CM is 
characterised by two models of neurological disorder out-
come (Idro et al. 2010a). The first model is instant symp-
toms; which resulted in status epilepticus (SE), followed 
by coma in CM patients. Other effects may also emerge 
like hemiplegia, spastic quad cerebral palsy, multifocal sei-
zures, cognitive and motor disorders, impairment of sense; 
(behaviour, hearing and speech) depends on the severity of 
illness (Bruneel 2019). The second model is time linked: 
symptoms like epilepsy and behavioral defalcation start 
appearing within few months to years after the onset of 
CM (Bruneel 2019). 

Together with all motor disorders, movement disorders 
like gait, ataxia, choreoathetosis, poor neck control and 
dystonia can be used to determine and distinguish the com-
plexity and severity of the disease (Daroff 2001, Bruneel 
2019). In a murine model of cerebral malaria, unregulated 
signalling of GSK3β and Akt is directly associated with 
motor disorders (Dai et al. 2012). Suppression of GSK3β 
and Akt pathways progressed in alterations of neuronal ve-
racity. Moreover, protein kinase has a  significant role in 
apoptosis regulation, various signalling pathways and cell 
viability via regulating the biological activities of proteins 
(Patel et al. 2019). Likewise, other neurological disorders 
may contribute to some sort of cerebral trauma, for exam-
ple; intracranial hypertension, where death does not occur. 
However, shortening of oxygen, nutrients and perfusion 
pressure in brain causes ischemia leading to brain tissue 
atrophy (Newton et al. 1997, Frevert and Nacer 2014). 

Aggravating products like quinolinic acid, which triggers 
the neuro-inflammation, are commonly responsible for sei-
zures in CM leading to cell death by affecting the excitatory 
neurotransmitters (Stone et al. 1987, Heyes et al. 1993, Na-
kamura et al. 1995, Idro et al. 2010b). Due to this excitatory 
effect on neurons after seizures, the damage is irreversible 
and triggers long-term harmful cognitive and behaviour-
al effects (Sokol et al. 2003). Due to ischemic injury and 
hypoxia, reoccurrence of epilepsy takes place without any 
cause and a normal brain is functionally altered. This pro-
cess is called as epileptogenesis, whose actual mechanism is 
still not known (Walker et al. 1992, Crawley et al. 1996, Idro 
et al. 2010b, Ssentongo et al. 2017). 

Many other aspects may add the part to cause epilepto-
genesis, which may include formation of malarial granulo-
mas, genetic tendency and structural brain damage (Aleem 
2005, Ssentongo et al. 2017). It was found that children 
surviving from acute malaria in Kenya are mostly neuro-
cognitive impaired (i.e., speech and hearing) (Carter et al. 
2005b). Many other studies reported and uncover the ef-
fects of CM on children, which include spatial illusion, im-
pairment in visual memory, hand dominance, auditory pro-
cessing, regulation of skills (mental, social and learning), 
attention deficit and other neurological based processing 
problems (Dugbartey et al. 1998, Burkey et al. 2015). The 

anomalous hyper phosphorylation of tau protein is also 
one of the most important characteristics of other neuro-
degenerative disorders and a noteworthy factor in the onset 
of Alzheimer’s disease and other tauopathies (Iqbal et al. 
2005, Wang and Liu 2008). 

CM survivors have to face long-lasting lack of cog-
nitive processing, regulation, hyperactivity, spontaneity, 
absent-mindedness and other areas of mental disorders 
due to abnormal levels of tau in their cerebral spinal fluid 
or specific injury in neuronal areas (Holding et al. 1999, 
Boivin et al. 2007, Idro et al. 2016). This is all similar to 
attention deficit hyperactivity disorder (ADHD) (Singh et 
al. 2016), which is linked with CM survivors. Neuronal 
loss and reduction in blood flow in brain creates disabil-
ity in dopamine signals and as a result ADHD (Lou et al. 
1989, Shikani et al. 2012). Linkage between ADHD and 
CM has been shown in a CM-infected murine model. Simi-
lar associated symptoms and presence of hemorrhage have 
demonstrated that, later stages of CM can cause paren-
chymal hemorrhage and increases the severity of disease  
(Lackner et al. 2006). Similarly, another murine model 
with experimental CM induced by P.  berghei was tested 
for cytokine response in brain and showed the inflam-
matory and neurological changes (Lacerda-Queiroz et al. 
2010, Bakmiwewa et al. 2015, Apoorv and Babu 2016). 
Uniquely, another study supported the theory of cytokine 
response and relation with psychotic disorders. This exper-
iments has demonstrated the nervousness like behaviour in 
C57BL/6 mice, which was infected with P. berghei. The 
symptoms were correlated with pathological and histolog-
ical disparities in cerebrum, hippocampus and brain stem. 
Additionally, with higher levels of chemokines and TNF-α 
(De Miranda et al. 2011, Zhang et al. 2018a,b).

Another important key factor in the neuropathogenesis 
of CM is glutamate levels. It is the most abundant neuro-
transmitter present in our brain and CNS. It has been re-
ported that glutamate levels and neurological disabilities 
are interconnected (Miranda et al. 2010, De Miranda et al. 
2016). The presence of higher amount of glutamate levels 
in cerebrospinal fluid of experimental models trigger neu-
ronal cell death, neurotoxicity and is connected with chang-
es in cognitive behaviour, reflex and sensory functions and 
various other physiological neuropsychiatric conditions 
(Meldrum 2000, Medana et al. 2009, Oliveira et al. 2017). 
This establishes the possible mechanism for neuropatho-
genesis in CM, and after two months of severe CM, patient 
starts developing neuropsychiatric symptoms (Miranda et 
al. 2010). After two months of severe CM, individual start-
ed developing neuropsychiatric symptoms. Medically, it 
is called as post malaria neurological syndrome (PMNS), 
which is an acute confused state of mind stage. Symptoms 
include visual and auditory hallucinations, incapability to 
communicate, etc. (Nguyen et al. 1996, Wilson et al. 2016). 

Cerebral malaria and social stigma
The real complications soon occurs after the CM infec-

tion, which brings the societal changes in patient lives and 
equally affects the close community members. This is spe-
cifically due to the neurological symptoms of post cerebral 
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malaria infection like behaviour complications (Idro et al. 
2010b), which includes recklessness, hyperactivity, neg-
ligence, attention deficit hyperactivity disorder (ADHD), 
aggressiveness, vicious behaviour etc. (Mbale et al. 2017). 
These symptoms somehow directly or indirectly target 
the community and put them to risk (Jones and Williams 
2004). Other complications which impart or contribute in 
affecting the society are weakness in spastic motor, speech 
loss (Mbale et al. 2017), behaviour complications (Idro et 
al. 2010b), hearing issues (Mbale et al. 2017), impaired vi-
sion (Idro et al. 2006), epilepsy and other severe cognitive 
disorders (Idro et al. 2006). There is always a considera-
ble social pressure on patient and patient’s close family 
members in taking various treatment decisions. Due to this 
pressure, patient’s condition get worsen including effect on 
their care-giver, who sometimes may lose control over the 
decision-making process (Mbale et al. 2017). 

Most reports and studies have only revealed the problems 
associated to functional impairments, without giving atten-
tion to community involvement, schooling, socialisation, 
etc. The impact of CM goes beyond the individual to the 
wider effect on the family, which is influenced by the sur-
rounding environment and social stigma (Who 2018). Cog-
nitive impairment is a type of disability, which leaves a huge 
impact on individual and families in their social life (Alavi 
et al. 2012). Some ailments such as epilepsy/seizures are of-
ten associated with witchcraft considered contagious, even 
further and cause stigma and discrimination for the family 
(Nelson et al. 2017). Scientific literature is full of outcomes 
related to neurological functioning and impairment of CM, 
but social inferences of having a child with a cognitive dis-
ability have never been effectively considered in outcome 
studies and need to be explored in detail.

Advancement of chemotherapy and molecular 
mechanism

Chemotherapy, as a  first treatment, still plays a  vital 
role in treating cerebral malaria. Antimalarial drugs are the 
agents used to inhibit the development of malaria parasites 
(Azad et al. 2017). They are administered with the aim 
of totally eradicating the parasites and have selective ac-
tiοn οn different phase’s οf the parasite life cycle. Infected 
patients when treated with antimalarial drugs face many 
challenges counting partial effectiveness, drug side effects 
and drugs resistance (Sahu et al. 2015, Riggle et al. 2020). 
Therefore, new and effective antimalarial drugs with novel 
mechanism of actions are immediately necessary. Howev-
er, since last decade, researchers have been devising novel 
ways to reduce the uptake and concentration of chemother-
apy. This improvement upon existing antimalarial drugs 
can only happen by adding/deleting or chemically modify-
ing the compounds. Furthermore, presence of advance mo-
lecular methods, genomics tools and modern technological 
approaches like structure based drug designing and new 
ways of searching treatment can improve the effectiveness 
of drugs with lower/none side effects as well as combating 
drug resistance (Samby et al. 2019). There are many ap-
proaches which are currently under trial/developing for the 
identification of novel drug targets and chemical entities 

(Nishanth and Schluter 2019). Some of the novel drug tar-
gets for future are discussed here in brief. 

Several drugs, targeting the membrane biosynthesis of 
parasite have already been identified by various research 
groups (Ancelin et al. 2003, Wells et al. 2015). They ob-
served that, during malarial infection, parasite requires 
large amount of phospholipids and need to synthesise the 
cell membrane during separation, growing and while di-
viding. Because of their observation, they discovered one 
of the most leading and novel antimalarial drug, i.e., G25. 
G25 compound inhibits the plasmodium development 
in both experimental process such as in vitro and in vivo 
(Roggero et al. 2004). Similarly, dinucleoside dimer (Chat-
terjee and Yeung 2012) and hexose derivative (Crabb et al. 
2012) compounds are also leading compounds which in-
volve disrupting the mechanism of phospholipid synthesis 
membrane transports system in parasite. 

Furthermore, other compounds thiolactomycin 
(Dechy-Cabaret and Benoit-Vical 2012), triclosan (Deweerdt 
2012), fosmidomycin (Eisenstein 2012) and peptidomimet-
ics (Yadav et al. 2019) are also being under investigation as 
a possible apicoplast drug target during fatty acid synthesis. 
Moreover, new quinolines (Wells et al. 2015, Yadav et al. 
2019), protease inhibitors (Bushell et al. 2017) and new per-
oxides (Hien et al. 2017) are also novel drugs target during 
parasite food vacuole formation (Yadav et al. 2019). Some 
new drugs have been identified to inhibit the growth of par-
asite during the cytosol formation, and they are Gossypol 
derivates (Yadav et al. 2019), 5-fluoroorotate (Shetty 2012), 
chlorproguanil (WHO 2017, Yadav et al. 2019), actinonin 
(WHO 2011), geldanamycin (WHO 2006). 

Other novel compounds are involved in inhibiting the 
pathway or mechanism of folate metabolism, glycolysis, 
protein synthesis, glutathione metabolism and other para-
sitic pathways (Yadav et al. 2019). Phase II clinical trials 
of few leading drugs and their combinations are completed 
recently, such as methylene blue with primaquine (Tse et 
al. 2019) and fosmidomycin with piperaquine. Some drugs 
are formulated as triple combination that is imatinib with 
dihydroartemisinin-poperaquine, which is going in phase 
II clinical trial (Samby et al. 2019, Tse et al. 2019). Fur-
thermore, there are many other novel and promising an-
ti-malarial drugs, which are currently in pre-clinical stage. 
Some of them are NPC1161B (Marcsisin et al. 2014), 
MK4815 (Powles et al. 2012), CDRI97/78 (Shafiq et al. 
2014, Tse et al. 2019), Artemisone (Haynes et al. 2006), 
AQ-13 (Tse et al. 2019), M5717 (Baragana et al. 2015), 
MMV253 (Hameed et al. 2015), UCT943, AN13762, 
AN3661, SC83288, DM1157 (Burgess et al. 2010), P218 
(Yuthavong et al. 2012), SJ733, ACT451840, OZ277 (Ven-
nerstrom et al. 2004), OZ439, KAF156, DSM265 (Co-
teron et al. 2011). The possible mode of action of all these 
leading and novel drug compounds belong to translational 
elongation factor 2 (PfeEF2) inhibitor, V-type H+–ATPase 
inhibitor (Tse et al. 2019), phosphatidylinositol 4-kinase 
(PfPI4K) inhibitor, dihydroorotate dehydrogenase (PfD-
HODH) inhibitor, P-type Na+–ATPase inhibitor (PfATP4) 
and dihydrofolate reductase (PfDHFR) inhibitor, respec-
tively (Tse et al. 2019). 



doi: 10.14411/fp.2020.015	  Siddiqui et al.: Cerebral malaria: a minireview.

Folia Parasitologica 2020, 67: 015	 Page 6 of 10

Conclusion
Cerebral malaria is one of the most severe and fatal neu-

rological complication with highest mortality. Current 
therapies in malarial biology are still inadequate in terms 
of reducing mortality or post-treatment symptoms such as 
neuro-cognitive deficits. Developments and knowledge on 
pathophysiology of CM is still not at par, and needs fur-
ther endeavors to understand the complexity of the disease. 
Additional perceptions on post complications of CM, with 
variety of targets need to be exploited for better therapeutic 
outcomes, specifically against psychosocial trauma. This 

can only be achieved by improving the management of 
CM and understanding the social stigmatic effects of CM 
within the community Furthermore, advance investigation 
is required regarding host-parasite relationship, parasite 
adhesive factors and host endothelial cell receptors can 
improve our current knowledge on pathogenesis of CM. 
Much effort is still required to understand the pathophys-
iology of CM from cellular to molecular level. This will 
empower us in improving and producing more effective 
therapies, designed for both eradicating parasites and treat-
ing the aftermath secondary impacts as well.
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