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belonging to the genus Plasmodium, five species of which [Plasmodium vivax, Plasmodium
falciparum (P. falciparum), Plasmodium ovale, Plasmodium malariae and Plasmodium knowlesi]
account for all forms of human malaria. P. falciparum is responsible for the highest degree of
complications (severe malarial anaemia and cerebral malaria) and mortality in the tropics and
subtropics of the world. Despite the large burden of vivax malaria, it is overlooked and left in the
shadow of severity of falciparum malaria in the globe, but current reports provide evidence of
severe vivax malaria symptoms similar to P. falciparum infection. The major challenging factor is
the emergence of multidrug resistant Plasmodium strains to the conventionally used antimalarials
over the last two decades, and, more recently, to artemisinins. The WHO recommended
artemisinin based combination therapies (ACTs). The non-ACT regimens are also found to be
effective, safe, and affordable compared to ACTs. However, current successful antimalarial
interventions are under threat from the ability of the parasite and its mosquito vector to develop
resistance to medicines and insecticides, respectively. Hence, with widespread use of effective
drugs and vector control with insecticide-treated bed nets and indoor residual spraying, an ideal
malaria vaccine would be the actual means of malaria prevention. This review represents the
current evidence, based upon the search of SCI- and non-SCI journal, on epidemiological aspects
of two forms (vivax and falciparum) of human malaria, which is still a great global concern.

KEYWORDS
Vivax malaria, Falciparum malaria, Multidrug resistance, Artemisinin based combination therapy,
Malaria vaccine

1. Introduction
Human malaria, a blood infection caused by mosquitoborne apicomplexan parasites of the genus Plasmodium,
remains a significant public health problem worldwide
and is one of the leading causes of morbidity and mortality
in tropical and sub-tropical regions. This parasite is a
unicellular eukaryote that invades host erythrocytes and
resides within a parasitophorous vacuole [1]. A ctually,
malaria infection starts when mosquitoes (female Anopheles
spp.) inject sporozoites into the human skin; the parasites
enter the blood stream and make their way to the liver
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where they develop into the exo-erythrocytic forms, which
ultimately invade erythrocytes to cause symptoms. The
disease can be an asymptomatic infection (in persons with
accessible immunity), or a spectrum of clinical disease,
ranging from mild to severe, and death in those with poor
immunity. Among Plasmodium species causing human
malaria, Plasmodium falciparum (P. falciparum) is the most
virulent, and the virulence of the species has been linked
to the ability of parasitized erythrocytes to adhere to the
endothelial cell surface receptors expressed on blood vessel
walls; this phenomenon, which is known as sequestration,
allows the parasites to avoid spleen-dependent
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killing mechanisms.
T he ‘malignant tertian’ and ‘benign tertian’ are two
different terms that have been used traditionally for
malaria caused due to the infection of P. falciparum and
Plasmodium vivax (P. vivax), respectively, and since the
terms suggest, the usual fact is that P. falciparum can be
severe and life-threatening while P. vivax tends to be
mild[2]. However, Genton et al[3] showed an association of P.
vivax with severe malaria in Papua New Guinea, while Tjitra
et al[4] demonstrated high morbidity and mortality associated
with malaria caused by P. vivax infection in southern Papua,
Indonesia, modifying the benign nature of vivax malaria.
The Plasmodium ovale (P. ovale) and Plasmodium malariae
(P. malariae) are less to cause lethality. In P. vivax and P.
ovale, some of the sporozoites remains in latent condition
in the liver for months to years, while, the P. falciparum
and P. malariae sporozoites appear to develop just after the
invasion of liver. Herein, the updated facts and phenomena
related to the epidemiology of two most important forms
of human malaria (vivax and falciparum), both spatial and
temporal, have been depicted based upon the scientific
documentation related to malaria in SCI and non- SCI
journals, and in the scientific websites.
2. Etiology
Human malaria is caused by the infection of four species
of protozoan parasites of the genus Plasmodium: P. vivax,
P. falciparum, P. ovale and P. malariae; a fifth species,
Plasmodium knowlesi, whose natural vertebrate host is
Macaca fascicularis (macaque monkey), has currently been
reported to infect humans[5-8]. Plasmodium belongs to the
phylum Apicomplexa, a group characterized by a highly
specialized apical complex, including rhoptries that play
a central role in the invasion of host cells. The most of the
global burden of human malaria is caused by two parasites,
P. falciparum and P. vivax, among the five Plasmodium
species known to infect humans, and P. falciparum causes
by far the greatest morbidity and mortality, with several
hundred million cases of clinical malaria and more than
one million deaths occurring annually[9]. However, the
sickle human haemoglobin confers a survival advantage
to individuals living in endemic areas of malaria; sickle
haemoglobin induces the expression of haeme oxygenase-1
that results carbon monoxide production, and help protect
individual by suppressing the pathogenesis of cerebral
malaria[10].
Since P. vivax and P. falciparum are the major causative
agents of malaria here is a mention about the genetic
diversity of the parasites, the study of which is focused on
the parasites’ surface proteins such as circumsporozoite
protein (CSP), merozoite surface proteins: MSP-1 and MSP-2,
apical membrane antigen 1 ( AMA - 1 ) and glutamate-

rich protein (GLURP)[11]. Joshi[12] investigated high level
of genetic diversity among P. vivax and P. falciparum
strains and observed high level of length polymorphism
in repeat nucleotide sequences in P. falciparum MSP-1,
MSP-2 and GLURP, and P. vivax CSP, and MSP-3α. Genetic
analysis using three polymorphic markers (PvAMA-1, PvCSP,
PvMSP-1) for P. vivax and two for P. falciparum (PfMSP-1 and
PfMSP-2) demonstrated a high degree of genetic diversity in
Honduras, a low malaria transmission area[13]. Neafsey et
al[14] reported that the global population of P. vivax showed
greater diversity than P. falciparum in terms of SNP diversity,
additional microsatellite and gene family variability. The
microsatellite-based analysis of P. vivax parasites from
Sri Lanka (mean genetic diversity, HE=0.861 0), Myanmar
(HE=0.845 0), and Ethiopia (HE=0.751 7) showed extensive
genetic diversity, as has been reported by Gunawardena
et al[15]. Kim et al[16] genotyped three genetic markers in
P. vivax, viz., PvCSP, PvMSP 1 and PvMSP 3-α, and found a
large number of distinguishable alleles: 11 for PvCSP, 35
for PvMSP 1 and 37 for PvMSP 3-α. The overall rate of mixed
genotype infections was 10.6%. The PvMSP-3α and PvMSP3β have also been used as markers in population genetic
studies worldwide. In P. vivax four distinct allele groups:
A (1.9 Kb), B (1.5 Kb), C (1.2 Kb), and D (0.3 Kb) have been
detected for PvMSP-3α, while, P. vivax MSP-3β locus showed
two allele groups: A (1.7-2.2 Kb) and B (1.4-1.5 Kb), with
5% mixed-strain infections, and in P. falciparum, all three
known genotypes of PfMSP-1 and two of PfMSP-2 have been
observed, with 24% P. falciparum mixed-strain infections[17].
The population-based studies of MSP-3α, MSP-3β, MSP-1,
MSP-2, and other candidate antigens of Plasmodium species,
mainly from mixed infections (P. falciparum+P. vivax),
might provide information for the development of a malaria
vaccine[18], and the parasitic heterogeneity might cause
differences in virulence, transmissibility and responses to
chemotherapy.
3. Epidemiology
The geographical distribution of endemic vivax malaria

overlaps with that of endemic falciparum malaria, except
in temperate zones, viz., the Korean peninsula, where vivax
malaria only occurs[19]. Differences in Anopheles mosquito
dynamics allow P. vivax transmission in temperate climates
not tolerated by P. falciparum. In such regions, P. vivax
infects hepatocytes but may persist as dormant hypnozoites
for months or years before causing blood stage infections
( relapses ) . P. vivax cannot infect D uffy-blood-groupnegative reticulocytes, and is thus absent from West Africa
where Duffy negativity predominates[20].
There are an estimated 550 million cases of malaria and
1 million deaths each year, and around 2.5 billion people
are at risk[21], and it has been reported that about 49% of the
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Figure 1. Vivax and falciparum malaria cases and geographic region of
acquiring infection (adapted from Siikamaki et al., 2013)[24].

The human malaria parasite P. vivax is responsible for

of the total annual cases of malaria worldwide,
and it is the major cause of malaria outside Africa, mainly
afflicting Asia and the Americas[26,27]. In 2005, there was
an estimated 70-80 million cases of P. vivax infection each
year, accounting for nearly 50% of all malaria cases outside
Africa[28]. Mueller et al[19] reported that P. vivax is the most
geographically widespread human malaria parasite causing
an estimated 80-250 million global cases of vivax malaria
each year. P. falciparum infects up to 300 million people
a year resulting in the death of over 2 million annually, as
reported in 2005 by Snow et al[29]. Children of <5 years in
sub-Saharan Africa (where severe malaria caused by P.
falciparum is the most common form of the disease) are
disproportionately affected, accounting for 80% of malaria
deaths worldwide[30].
T he global spatial limits of P. falciparum malaria
transmission mapping, based upon the P. falciparum annual
parasite incidence (PfAPI), stratified the world into three
areas, such as, no risk (PfAPI=0 per 1 000 pa), unstable risk
(PfAPI<0.1 per 1 000 pa), and stable risk (PfAPI≥0.1 per 1 000
pa)[31,32]. The 2007 global P. falciparum malaria endemicity
map, as has been reported by Hay et al[33], depicts that of the
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lowest endemicity class (P. falciparum parasite rate in the
to 10-year-old age group; PfPR(2-10)≤5%). The majority (88%)
of those living under stable risk in Central and South East
Asia were in the low endemicity class too, while 11% were
in the intermediate endemicity (PfPR(2-10)>5 to <40%) and the
remaining 1% in high endemicity (PfPR(2-10) ≥40%) areas. Tjitra
et al.[4] reported clinical malaria (2004-2007) as present in
16% (60, 226/373, 450) of hospital outpatients and 32% (12,
171/37, 800) of inpatients, and among the patients with slideconfirmed malaria, 64% had P. falciparum, 24% P. vivax, and
10.5% mixed infections. Figure 2 represents the variation of
infection between species.
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world’s population lives in areas (109 countries in parts of
Africa, Asia, the Middle East, Eastern Europe, Central and
South America, Caribbean, and Oceania) where malaria
is transmitted[22]. It has been recorded that among 1 700
malaria cases reported to Centers for Disease Control. In the
year 2010, 65% were acquired in Africa, 19% in Asia, 15% in
the Caribbean and the Americas, and <1% in Oceania[23].
Siikamaki et al[24] reported patients acquiring P. vivax and
P. falciparum infections from different geographic regions
in the globe. P. falciparum infections were mainly acquired
in sub-Saharan Africa, and most of P. vivax infections on
the Indian subcontinent and in Southeast Asia (Figure 1).
However, it has been reported currently that each year,
malaria occurs in approximately 225 million persons
worldwide, and 781 000 persons, mostly African children, die
from the disease[25].
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Figure 2. Symptomatic malaria patients (slide confirmed) due to P. falciparum,
P. vivax and mixed infection (Tjitra et al., 2008)[4].

In India, P. falciparum is present all over the country, but
its distribution is highly uneven[34,35]. It is the major cause of
infection in the Northeast, Orissa, tribal settlements across
the country and forests, while in the plains, P. vivax peak
is followed by P. falciparum and in all other endemic areas
P. falciparum predominates, and thrives in communities
lacking awareness, resources and suffering from common
poverty. The disease is endemic in the Indian state of West
Bengal, accounting for 11% and 6% of the national malaria
and P. falciparum caseloads, respectively [35], and the
falciparum malaria accounted for 32% of the state malaria
cases in 2004[36]. However, according to the report of National
Institute Malaria Research, India, the annual incidence is of
6
1.5伊10 cases, of which 40-50% is falciparum malaria[37].
Khan et al.[38] currently reported the high prevalence of
malaria in Aligarh (India) with dominance of both P. vivax
and P. falciparum, and the overall prevalence of 8.8% with
maximum of 20.1% in the year 2008 and lowest of 2.3% in
2002. Thus, the combination of P. falciparum and P. vivax,
different primary malaria vector species, varied ecotypes
and transmission intensities have created an exigent
epidemiological scenario in I ndia [39], where there is a
confliction of reports on malaria death estimation. Dhingra
et al.[40] showed slide-positive, clinically confirmed, malaria
deaths as 5 647 at all ages during 2000-2005, while WHO[41]
estimated 15 000 deaths each year in India (5 000 children,
10 000 adults) caused due to malaria.
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M alaria is a major travel-associated disease. T he

inadequate prophylaxis used for tourists and travelers in
endemic areas have been the principal cause of imported
malaria. According to the 2011 international travel and health
book, about 125 million international travelers visit malaria
endemic countries per year, and more than 104 cases are
reported after returning home[42]. The travelers vulnerable
to malaria include young children, people with chronic
diseases, elderly people and pregnant women, due to their
lower immune power, are at greater risk of imported malaria.
The vivax malaria is frequent in travelers returning from
Oceania, while the high risk of acquiring falciparum malaria
is from travel to sub-Saharan Africa, South and South-East
Asia, and Central and South America[43]. Many cases from
Europe were registered among the travelers from Africa,
South America, Asia and only a few in the Middle East[44].
Baas et al.[45] reported that in the Netherlands, P. falciparum
(82%) remained the major cause of imported malaria, 94% of
which was infected in sub-Saharan Africa; P. vivax (9.3%)
the second most frequent species. However, with a mean
of >4 000 cases per year during the study period, France
reported the highest number of imported malaria cases;
>80% of cases were caused by P. falciparum, the species
causing almost all severe cases and death in travelers[46].
In low-transmission areas, human movement may lead to
the maintenance of reservoirs of infection, complicating
attempts to eliminate malaria. I mportation of malaria
infections might be an important contributor to maintenance
of transmission even in relatively high transmission areas,
as has been reported by Yukich et al.[47], from Ethiopia.
Githeko[48] reported to originate malaria, from the travelers
and immigrants, in Australia, and there is an increased risk
of local malaria transmission due to current climatic factors.
The major climatic factors affecting malaria transmission
and distribution include temperature, precipitation and
relative humidity, and climate change is now an emerging
threat to the public health when it associated with vectorborne diseases including human malaria[48,49]. Gething et
al.[50] reported that warmer climate has an effect to increase
malaria caused by the parasites P. falciparum and P. vivax
in parts of Africa. The variable patterns of distribution
of malaria vectors in different geographic diversity with
variation in environmental conditions cause diverse in
malaria endemicity, because of the developmental variability
of both P. vivax and P. falciparum in mosquitoes[51,52],
and hence human infection. Thus, malaria is a disease
that requires involvement of humans, mosquitoes, the
plasmodium parasites and climate.
4. Biology of the parasites
The human malaria parasites are transmitted by female
mosquitoes of the genus Anopheles[30]; of 465 recognized

species about 70 species have the capacity to disease
transmission, and 41 are considered as dominant vector
species/species complexes capable of transmitting malaria
at the level of great concern to public health[53]. The global
dominant malaria vectors map, as reported by Sinka et al.[54],
highlight the spatial variability in the complexity of vector
situation; in Africa, Anopheles gambiae, Anopheles arabiensis
and Anopheles funestus are co-dominant across a large
part of the continent, whereas in the Asian-Pacific region
there is a complex situation with multi-species coexistence
and variable species dominance. There are six recognised
primary vectors of malaria in India: Anopheles culicifacies,
Anopheles stephensi, Anopheles dirus, Anopheles fluviatilis,
Anopheles minimus and Anopheles sundaicus. The vectors
of secondary importance include Anopheles annularis,
Anopheles varuna, Anopheles jeyporiensis and Anopheles
philippinensis.
During a blood meal, sporozoites are transmitted from
the mosquito to humans and initiate infection in the liver
where they reproduce industriously, and in the next stage
of infection, the parasites are released from the liver cells
into the bloodstream, in the form of merozoites, where they
invade red blood cells (RBCs) and reproduce asexually[55].
4.1. Development of P. falciparum
The P. falciparum-infected female Anopheles mosquito,

during a blood meal, injects sporozoite forms into the
human host. These extracellular forms rapidly migrate to
the liver via the bloodstream and pass through Kuppfer
cells and invade hepatocytes. Each invading sporozoite
divides mitotically by the process of liver schizogony, also
called pre-erythrocytic schizogony or exo-erythrocytic
schizogony, into thousands of liver merozoites (also called
pre-erythrocytic or exo-erythrocytic merozoites)[56].
After asymptomatic hepatic infection (lasting 1 to 2 weeks),
merozoites are released into the bloodstream, where they
invade RBCs, and thus begin the asexual blood-stage life
cycle of this parasite, called erythrocytic cycle. It has
been shown that the 48-h P. falciparum intraerythrocytic
developmental cycle initiates with merozoite invasion
of erythrocyte and is followed by the formation of the
parasitophorous vacuole at ring stage[57]. The P. falciparum
subtilase, P f SUB 2 , one of the 3 subtilisin like serine
proteases: PfSUB1, PfSUB2 and PfSUB3 of P. falciparum, has
been reported to be responsible for the release of merozoite
surface proteins during erythrocyte invasion[58].
The parasite develops through ring, trophozoite, and
schizont stages, replicating to produce from 16 to 32
erythrocytic merozoites that are released during egress. In
a recent analysis, merozoite production was demonstrated
to range between 8 to 22 for the HB3 isolate of P. falciparum
and 8 to 26 for the Dd2 isolate, with a median of 16 and 18,
respectively[59]. Egress of P. falciparum involves a sudden
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most important features distinguishing between P. vivax
and P. falciparum include the development of hypnozoite,
the dormant liver stage causing relapses, the formation of
spherical gametocytes in the peripheral blood (gametocytes
are crescentic shaped in case of P. falciparum), requirement
of reticulocytes as host cells, in the peripheral blood, for the
infection of merozoites, and presence of Schufnner’s dots
along the surface of infected red blood cells.
The blood stages of infection include asexual forms of the
parasite that undergo repeated cycles of multiplication, and
male and female gametocytes, which are nonpathogenic
but are transmissible to the Anopheles vector, where they
recombine during a brief period of diploidy and produce
sporozoites[66]. The sporozoites, injected through the bite of
anopheline mosquitoes, migrate to the liver within minutes,
invade hepatocytes, and develop into either an actively
dividing schizont, or a dormant hypnozoite, the activation of
which causes the reactivation of a blood infection, clinical
malaria, and the potential for transmission of the sexual
gametocyte forms[19].
5. Clinical symptoms and pathogenesis
The asexual erythrocytic stage of infection is responsible
for all clinical aspects of malaria, the liver stage of the
infection being asymptomatic. Cycles of erythrocyte invasion,
asexual reproduction by schizogony, and release of many
new merozoites cause rapid parasite multiplication that
gives rise to the levels of infection responsible for disease.
The erythrocytic cycle varies among Plasmodium species:
P. falciparum, P. vivax, and P. ovale have a cycle period of

1

Respiratory distress
Adults

The P. vivax has unique biological features[19], and the

Children

4.2. Development of P. vivax

about 48 h whereas P. malariae has a period of about 72 h,
and the simian Plasmodium knowlesi (which infrequently
infects humans) has a 24 h period[66].
The intra-erythrocytic stages of the malaria parasite
use haemoglobin from the erythrocyte cytoplasm as a food
source, hydrolyzing globin to small peptides, and releasing
haem, which is then converted to haemazoin[67]. As the
malaria parasite, P. falciparum, grows within the RBCs of
the human host it ingests and degrades up to 75% of host
cell haemoglobin[68]. The extent of anaemia in vivax and
falciparum malaria is similar (though the parasitaemia is
lower in vivax than in falciparum malaria), because in case
of P. vivax infection, nearly 34 uninfected RBCs are removed
from circulation against a single infected cell while in P.
falciparum malaria, this ratio is approximately 8:1[69].
The classic paroxysms of malaria (chills, vomiting, malaise,
headache, fever and myalgia) take several asexual cycles
to develop in primary infections. High fever and rigors are
more common in vivax than falciparum malaria, reflecting
synchronicity of schizont rupture[26]. Tjitra et al.[4]reported
the disease severity due to P. falciparum, P. vivax and mixed
infections. Figure 3 represents the variation of severity of
infections between the two species.

Disease Severity

increase in intracellular pressure late in the blood-stage
cycle, together with biochemical changes that destabilize
the infected cell cytoskeleton, and these combine to promote
an explosive event effectively releasing the nonmotile
merozoites[60]. I t has been reported that proteases are
involved[61] in this process, and that this occurs in a twostep process: destruction and rupture of the internal
vacuolar membrane occur distinctly and just prior to that
of the erythrocyte membrane[62]. Actually, a P. falciparum
subtilase, PfSUB1, is known to be expressed maximally in the
final stages of schizont maturation[63], and the presence, in
the malarial parasitophorous vacuole, of PfSUB1-mediated
proteolytic processing event releases of viable parasites
from the host erythrocyte[64], and in addition to PfSUB1 the
cysteine protease dipeptidyl peptidase 3 also play role in the
process[65]. The free merozoites are then able to invade other
erythrocytes to repeat the erythrocytic cycle.
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Figure 3. Spectrum of malaria illness associated with P. falciparum, P. vivax
and mixed infections (Tjitra et al., 2008)[4].

5.1. Falciparum malaria
The P. falciparum infection results 48 h lifecycle of
merozoites within the erythrocytes that produces the
classic symptoms of malaria. H owever, the unique
characteristic of malaria due to P. falciparum infection is
the sequestration of infected erythrocytes in the vasculature
of various organs, particularly the brain. During this phase,
erythrocytes containing P. falciparum mature erythrocytic
stages ( trophozoites and schizonts ) adhere to vascular
endothelium, in order to evade destruction in the spleen[70].
This cytoadherence is mediated by PfEMP1 (P. falciparum
erythrocyte membrane protein 1), which is expressed at the
surface of P. falciparum infected RBCs containing mature
erythrocytic stages (trophozoites and schizonts) where the
protein molecules act as points of attachment to ligands
upregulated in the endothelium, causing their sequestration
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in the vasculature[1]. The degree of sequestration can be
increased by binding of adherent infected erythrocytes to
other infected erythrocytes (auto agglutination) or noninfected erythrocytes (rosetting), or by platelet mediated
clumping [70,71]. PfEMP1 enables infected erythrocytes to
bind to endothelial cells of host capillaries, leading to
their sequestration in the peripheral vasculature and thus
preventing their clearance by the host spleen. Binding
of infected erythrocytes to the endothelial cells of brain
capillaries causes a fatal form of malaria (cerebral malaria).
Almost all patients with cerebral malaria present with
fever, rigors and/or chills, and sometimes with headache
or vomiting. In cerebral malaria, P. falciparum is primarily
attributed to sequestration of infected erythrocytes in cerebral
vessels too, as mentioned above for sequestration in the
peripheral vasculature. This phenomenon leads to congestion
of the blood vessels and local inflammation reducing
microvascular flow, and thus, neurological symptoms
develop. The neurological manifestations of malaria include
seizures, psychosis, agitation, impaired consciousness and
coma (ending in death). The latter two are the hallmarks of
cerebral malaria[70].
The normal erythrocytes are highly deformable allowing
them to flow through the micro-capillaries and this property
is due to their low internal viscosity, high-surface-area
to volume ratio, and the elastic nature of the erythrocyte
membrane and underlying cytoskeleton [72]. A s the P.
falciparum parasite grows within the erythrocyte, it loses
its deformability and rigidity is increased[73], and these
properties contribute to the pathogenesis of malaria, in
addition to vascular adhesion of parasitised erythrocytes[72].
Mackintosh et al.[74] reported that in case of falciparum
malaria, the metabolic demands of the proliferating parasite
cells, together with the effects of massive erythrocyte lyses
and ischemic damage arising from the sequestration of
parasitized erythrocytes within the microvasculature, are
responsible for the pathogenesis of the disease and its
manifestations. Olszewski et al.[75] reported that systemic
arginine depletion by the parasite may be a factor in human
malarial hypoargininemia associated with cerebral malaria
pathogenesis.

The disease due to P. vivax infection was thought to be

clinically less severe than that associated with P. falciparum
and rarely lethal, but studies in southeast Asia demonstrated
25% severe malaria cases due to P. vivax[4,76]. Although P.
vivax malaria is regarded as a benign infection, severe and
fatal complications can occur with P. vivax such as maternal
anaemia in pregnancy and significant reduction in mean
birth weight[26,77]. Moreover, drug resistance in P. vivax is
spreading, hindering management of clinical cases, and
reports of severe pathology, including respiratory distress
and coma, are challenging the description of P. vivax malaria
as ‘benign’[27]. In vivax malaria, up to 10% RBCs become
infected. Clinical features of malaria including anemia
and its cerebral form are all associated with infected RBCs.
Repeated cycles of erythrocyte invasion and rupture lead to
chill, fever, headache, fatigue, other nonspecific symptoms
with severe malaria, and signs of organ dysfunction [78].
Severe vivax malaria may be represented with single
and multiple complications. Jaundice and haematological
complication are reported as the common features followed
by cerebral complication[79]. Thrombocytopaenia, acute renal,
hepatic and pulmonary dysfunctions are also associated
with the fever. Organ dysfunction, which is characteristic
to falciparum malaria, is unusual in P. vivax infections,
and cerebral malaria, which is caused with P. falciparum
infection, is a presenting complication of P. vivax infection.
Thus, the emergence of severe vivax malaria has been a
newly recognized entity in different parts of the globe[80-83].
Abdallah et al.[84] reported the ratio of severe P. falciparum
to severe P. vivax malaria as 4.3:1.0, and found that the
manifestations are not significantly different between
P. falciparum and P. vivax malaria. The frequencies of
symptoms are depicted in Figure 4. The risk factors for severe
vivax malaria include low body mass index (<20.0), high
parasite count (>8伊103/µL), age (>40 years), fever to treatment
interval (>4 d), inappropriate treatment history, and other
associated infection[79]. According to Genton et al.[3], the vivax
malaria severity, compared with falciparum malaria and
mixed infection, in terms of anaemia, respiratory distress and
neurologic manifestation, has been represented in Figure 5.
Renal impairment 0
Bleeding

5.2. Vivax malaria
of infecting erythrocytes, causing severe anaemia by
dyserythropoiesis and destruction of infected and uninfected
erythrocytes despite much lower parasitaemia[27]. P. vivaxinfected erythrocytes become increasingly more deformable
as they mature and are usually considered not to cytoadhere
or sequester in the microvasculature, and these features
underlie the reason why severe pathology in vivax malaria is
much less common than with P. falciparum infection[26].
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Figure 4. Clinical presentations of severe malaria (adapted from Abdallah et
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Figure 5. Severe malaria cases among children with P. vivax, P. falciparum
and mixed infection (Venn diagram modified from Genton et al., 2008)[3].

compared to the microscopy, while the sensitivity and
specificity were 98.3% and 100% respectively, compared to
the standard LAMP-Thermocycler[93]. The malaria LAMP,
superior to expert microscopy, provides diagnostic accuracy
comparable to that of nested PCR with reduced time to give
result. Pakalapati et al.[94] evaluated microscopy, OptiMAL
and multiplex PCR for the identification of P. falciparum
and P. vivax from the field, and found PCR as an efficient
diagnostic tool in mass screening and epidemiological
purposes. The percent accuracies of the methods in terms
of sensitivity, specificity and efficacy are depicted in the
Figure 6.
102

100

6. Diagnosis

Accuracy

examination of stained blood smears under light microscope,
and this method remains the gold standard for malaria
diagnosis because it is inexpensive and sensitive (5-10
parasites/µL blood)[85]. However, it is labour-intensive,
time-consuming, and more importantly, the lack of access to
good quality microscopy services in many endemic regions
limits the reliability of diagnosis.
Malaria rapid detection tests (RDTs), based on capture
of the parasite antigen by mono-clonal antibodies
incorporated into a test strip, provide a possibility to
replace microscopic diagnosis. RDTs can be divided into
two major types[86]. The first type detects histidine-rich
protein 2 ( HRP2 ) , a protein uniquely synthesized by P.
falciparum and present in the blood stream of an infected
individual[87]. Some HRP2 tests are designed to also detect
aldolase enzyme, a protein synthesized by all four humaninfecting Plasmodium species[88]. The second type detects
parasite lactate dehydrogenase (pLDH), an enzyme produced
by human malarial parasites[85,89]. HRP-2-based RDTs are
usually sensitive for the diagnosis of P. falciparum, although
aldolase-based and parasite lactic dehydrogenase-based
RDTs have suboptimal sensitivity for P. vivax, limiting the
utility of RDTs for vivax diagnosis[26]. HRP2 tests can be
less costly than the pLDH[90]. Nevertheless, many studies
demonstrated that HRP2 remains in the blood stream for an
extended time after successful eradication of the parasite
with effective antimalarial treatment, contributing to false
positives and limited specificity[91,92].
Polymerase chain reaction testing for parasite m RNA
or DNA is more sensitive than microscopy[70]. It has been
documented that presence of malarial retinopathy is the
only clinical feature that distinguishes patients with typical
histopathological features of cerebral malaria from those with
alternative pathologies[70]. The loop-mediated isothermal
amplification (LAMP) method is found effective in malaria
diagnosis. The LAMP-Tube scanner method was found 95%
sensitive and 93.3% specific in detecting P. falciparum,

%

T he traditional malaria diagnosis is based on the

98

Microscopy
OptiMAL
99.36
Multiplex PCR

96

90

100

99.65

97.69
95.1

93.58

94
92

99.22

95.45

90.44

88
86
84

Sensitivity

Specificity Test PerformanceTest Performance

Efficacy

Figure 6. Test performance of three methods in the detection of P. falciparum
and P. vivax (Pakalapati et al., 2013)[94].

7. Treatment
7.1. Conventional monotherapy
Chloroquine (CQ) is a relatively inexpensive drug for
treatment of malaria[77]. The positive P. vivax cases should
be treated with CQ in full therapeutic dose of 25 mg/kg
divided over three days. The current WHO recommendations
for the treatment of P. vivax malaria include CQ , and
primaquine in case P. vivax is resistant to CQ[95]. Vivax
malaria relapses due to the presence of hypnozoites, and for
its prevention, primaquine (PQ) may be given at a dose of
0.25 mg/kg daily for 14 d under supervision, because acute
intravascular haemolysis is the most serious toxic hazard
of PQ, especially in people with erythrocytic glucose-6phosphatase deficiency, and infants and pregnant women[77].
Shekalaghe et al.[96] reported PQ as an active agent against
early as well as mature gametocytes and can substantially
reduce the risk of P. falciparum gametocyte carriage. PQ has
currently been used for prophylaxis, radical cure of vivax
(and ovale) malaria, and as a single-dose gametocytocide
( 0 . 50 - 0 . 75 mg/kg ) to treat falciparum malaria [97] . I n
falciparum malaria resistance has been detected against
all currently used antimalarials: CQ, amodiaquine (AQ),
mefloquine (MQ), quinine and sulfadoxine-pyrimethamine
(SP) excepting the artemisinins[98,99].
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7.2. Monotherapy with artemisinin and its derivatives
Artemisinin, a compound extracted from the Chinese
herb, Artemisia annua, showed high therapeutic index in
the treatment of malaria[100], and its derivatives were noted
for rapid reduction of parasite biomass[101]. The unique and
advantageous feature of the artemisinins includes the broad
stage-specificity, against sensitive P. falciparum infection.
Such compounds are the most potent antimalarial drugs
known, reducing the parasite load by 105 per 48 h asexualstage parasite cycle[102]. Artemisinin and its derivatives
reduce gametocyte carriage, but they do not prevent
transmission from gametocytaemia present at the time of
treatment. However, reduced susceptibility of P. falciparum
to artemisinin derivatives has been documented in the
Cambodia-Thailand border region[103,104]. In the partially
resistant strains of P. falciparum, from the CambodiaThailand border, the parasite load has been recorded to be
reduced by 102 per cycle, which is an effect similar to that of
slow-acting agents like quinine[102].

7.3. Artemisinin-based combination therapy
The WHO recommended artemisinin-based combination
therapy (ACT) for the treatment of malaria, in countries
experiencing resistance to the antimalarial agents in
monotherapy, in order to counter the development of
resistance in P. falciparum to antimalarials, and to achieve
rapid resolution of parasitaemia and morbidity[105,106]. The
ACT consists of an artemisinin derivative combined with
long acting antimalarials like AQ, lumefantrine (L), MQ, or
SP. Four combinations in priority have been recommended:
artemether/L (AL), artesunate+AQ (AR+AQ), AR+MQ for
low to moderate malaria transmission areas, and AR+SP in
areas where SP efficacy remains high. Padmanaban et al.[107]
reviewed on ACTs used globally in treating malaria. In the
northwestern border of Thailand, introduction of AR+MQ
resulted in 47% reduction in P. falciparum incidence[108].
In KawZulu Natal, South Africa, introduction of AL, along
with vector control, reduced malaria admissions and deaths
by >90%[109]. Smithuis et al.[110] reported that four fixeddose WHO recommended ACTs (AR+MQ, AR+AQ, AL and
dihydroartemisinin-piperaquine ) had been associated
with rapid parasite clearance in uncomplicated falciparum
malaria, and addition of a single dose of PQ to ACT regimens
has a very large additional effect on gametocytaemia[97], and
therefore on malaria transmission potential, and thus the
ACTs become integral to current malaria treatment strategies.

7.4. Conventional antimalarials in combination
Non-ACTs regimens of CQ, AQ and SP are reported to be

effective, safe, readily available, and affordable compared to
combination of AQ+SP was recently shown to be

ACTs. The

more effective than AL for the treatment of uncomplicated
malaria [111]. I n comparative trials, AQ + SP have shown
similar or better efficacy than that of ACTs[111,112]. In a
study[113], in Nigeria, 92% of children treated with AQ+SP
showed adequate clinical and parasitological responses
at Day 28 without any serious adverse reaction, and the
parasite clearance time using this combination (AQ+SP)
was (2.2依1.2) d, which was found similar to (2.1依0.7) d as has
been reported by Sowunmi[114]. Basco et al.[115] showed in
a comparative study of AQ and SP as monotherapy and as
combination a cure rate of and 85% and 100%, respectively.
It has been reported that the fall in malaria incidence
started at the same time as first-line treatment with CQ has
been, in Kanya, changed to treatment with SP, or SP plus
CQ[116,117]. Clindamycin plus quinine is an alternative nonartemisinin-based combination recommended by World
Health Organization[118].
8. Malaria vaccine
The development of malaria vaccines has been identified
by different health authorities as a key component of a
sustainable control programme for malaria that continues
to pose a major public health threat. The malaria vaccine
research has been intensified over the past few years with
several vaccines tested in trials. The RTS,S vaccine has
been the most promising of these candidates. The RTS,S/AS
candidate malaria vaccine has been used, for immunisation
of infants and children living in malaria-endemic areas in
sub-Saharan Africa, with two proprietary adjuvants (AS02
and AS01) that showed promising safety profile in children
and infants[119-121]. Actually, RTS,S is a recombinant antigen
that consists of circumsporozoite protein (from P. falciparum
sporozoite) fused to the hepatitis B surface antigen, and this
has been formulated with two different adjuvant systems
[one with an oil-in-water emulsion (AS02) and the other with
liposomes (AS01)], which contain the immunostimulants MPL
and QS21[122]. Asante et al.[123] reported that the RTS,S/AS01E
candidate malaria vaccine efficacy was consistent with the
target put forward by the WHO-sponsored malaria vaccine
technology roadmap for a first-generation malaria vaccine.
Currently, a malaria vaccine candidate (RTS,S/AS01) based on
the major surface protein of the transmissible sporozoite form
of the parasite advanced into phase three clinical trials[124].
The keys to the success of the vaccine are the immunogenic
polymeric nature of RTS,S particles and the proprietary
adjuvant AS01[125]. RTS,S/AS01E conferred sustained efficacy
for at least 15 months and shows promise as a potential
public health intervention against childhood malaria in
malaria endemic countries, as has been documented by
Olotu et al[126]. P. falciparum sporozoites (PfSPZ) are the only
immunogens shown to induce such protection in humans,
which is thought to be mediated by CD8+ T cells in the
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liver that secrete interferon-γ (IFN-γ). Epstein et al. report
that purified irradiated PfSPZ administered was safe, but
suboptimally immunogenic and protective to the prevention
of infection with P. falciparum malaria[127].
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control. In other countries, the change from a failing drug CQ
to a more effective drug (SP or an artemisinin combination)
led to immediate improvements, and in some others the
malaria reduction seemed to be associated with the scaleup of ITNs and IRS.
10. Concluding remarks
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9. Prevention and control
Malaria control that lessen the disease burden to a level
at which it is no longer a public health problem[106], is
made possible by reduce transmission through intervention
directed at either the parasite (ACTs) or the vector (ITNs or
indoor residual spraying)[128]. The control relies principally
on prompt and accurate diagnosis and chemotherapy
with effective antimalarial drugs[129], because the prompt
access to effective drugs prevents most malaria deaths at
the community level, even in a context of severe malaria
transmission. The use of insecticide-treated bed nets (ITNs)
and indoor residual spraying (IRS) of insecticides are proven
preventive intervention that significantly reduce the burden
of malaria. It is also imperative to provide crucial health
care services, including diagnosis of malaria by RDTs and
administration of ACTs, providing health education and ITNs
to the individuals with malaria infection in endemic regions,
and reporting morbidity and mortality statistics to health
centre and the district health office[25]. Figure 7 shows the
world scenes of malaria mortality and morbidity. Substantial
reductions in malaria have been reported in several African
countries after distribution of ITNs and the use of ACTs[130].
R oberts and E nserink[131] documented a renewed focus
on elimination (cessation of local transmission of malaria
within a distinct geographical region) and eradication (global
disappearance of one or more species of malaria parasite).
However, emerging artemisinin resistance of P. falciparum
has been reported in some parts of the globe and pyrethroid
resistance of Anopheles mosquitoes is increasing. Both facts
representing major threats to the present malaria control
strategies and the sustained effect of the approach. O’Meara
et al.[128] reported that in some countries a decline in malaria
incidence began several years before scale-up of malaria

recent successes in reducing the malaria burden, and ACTs
are essential to all plans for malaria elimination. However,
the ACTs (treating malaria more effectively than single
antimalarial drugs and help prevnt the development of drug
resistance) are found more expensive than monotherapies.
In nine countries with high burden of P. falciparum malaria,
only 16% of malaria cases were treated with ACTs in 2008[30].
Beside this, RDTs are though available at present to diagnose
malaria, these remain out of reach to poor countries due to
cost. Moreover, the “poor-quality antimalarial drugs lead
to drug resistance and inadequate treatment, which pose
an urgent threat to vulnerable populations and jeopardise
progress and investments in combating malaria”[132]. Also,
the spread of resistant strains causes increased treatment
failure, prolonged illness, hospitalization and death, and
hence additional surveillance is required to monitor the
development and spread of drug resistance; alternative and
improved treatments and promising malaria vaccines are in
the way of development[133].
Due to the selection and spread of CQ resistance in P.
falciparum, countries in Asia are switching to ACTs for the
treatment of falciparum malaria, while CQ remains the
treatment of choice for P. vivax malaria[77]. Thus, use of
ACTs has been limited to malaria cases with P. falciparum
infections, whereas vivax malaria patients having are mostly
treated with CQ, and this separate treatment regimens is
justifiable if P. vivax remains sensitive to CQ and diagnostic
tests distinguish these two species. However, with the routine
misdiagnoses and the rise and spread of CQ resistance
among P. vivax, ACTs can be used in the treatment of both
vivax and falciparum malaria in the co-endemic regions[134].
Also, a malaria vaccine, used in combination with current
malaria-control tools, plays a great role in future control and
hence elimination of malaria, viz., The RTS,S/AS01 vaccine
provided protection against both clinical and severe malaria
in African children[124].
Losing artemisinins to resistance will result in increase
of malaria mortality like those that occurred during the
last century when CQ failed against newly evolved drugresistant parasites. If resistance is confined to a limited
area, elimination of all P. falciparum parasites from the
region will be the only way to prevent artemisinin resistance
from spreading[135]. IRS with insecticides reduces the daily
survival rate of the mosquito. ITN reduce the human biting
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rate of the mosquito and its daily survival rate. In addition,
the seasonal malaria chemoprevention, previously known
as intermittent preventive treatment of malaria in children,
is a potential tool to avert millions of malaria cases and
thousands of childhood deaths in areas like Sahelian or
sub- S ahelian regions of A frica ( where transmission of
malaria is highly seasonal), as has been reported by Cairns
et al[136].
In view of the problems associated with antimalarial drug
resistance and the use of substandard ACTs, researchers are
now focusing on other alternatives, including investigation
of medicinal plants known to have antiplasmodial
activity [137,138], and the plant based mosquito control
agents[139]. But, an ideal vaccine against malaria would be
the final means of preventing the millions of cases of the
disease that occur annually in our globe. Three phases in
the parasite’s lifecycle could effectively be targeted by host
immune responses: inhibition of hepatocyte invasion at the
pre-erythrocytic stage (vaccines targeting antigens such as
CSP), inhibition of erythrocyte invasion stage (MSP 1 and AMA
1), and inhibition of parasite fertilization and development
in the mosquito gut (oocyst/ookinete 25 kDa surface protein,
P vs 25 ) [140,141]. H owever, to assist vaccine development,
genetic structure and diversity of candidate antigens needs
to be assessed in the P. vivax and P. falciparum populations
worldwide[141]. Plus, strategies to address the problem of
insecticide resistance and to tone down its effect must be
successfully defined for implementation[140].
Finally, 26 of the 34 malaria-eliminating countries (76%)
have a malaria burden essentially due to P. vivax[142],
and hence P. vivax, which is the most common form of
malaria outside Africa (infecting approximately 2.8 billion
people in the globe), will be more difficult to control than
the devastating P. falciparum infection[69], because of the
latent liver-hypnozoite stage that causes multiple relapses
and provides an infectious reservoir, and potentially lifethreatening interaction between glucose- 6 -phosphate
dehydrogenase deficiency (in patients) and anti-hypnozoite
drug (PQ)[143]. Thus, Genton et al.[3] appropriately reported
that interventions targeted toward P. falciparum only might
be insufficient to eliminate the overall malaria burden,
especially severe malaria, in areas where P. falciparum and
P. vivax coexist, hence effective treatment regimen through
proper diagnosis and vaccination are urgently needed.
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Comments
Background
Development of multi-drug resistant Plasmodium spp.

to conventional anti-malarial drugs and the nouveau
artemisinins have jeopardized effective malaria control
strategy. The development of insecticide-resistant malaria
vectors raises our concern. The current paper highlights the
importance of the use of effective drugs together with vector
control and vaccination as an effective means of combating
malaria.
Research frontiers
Information in this paper clearly highlight the urgent
need to develop cost-effective diagonistic tests to diagnose
malaria and eradiaction of the poor quality anti-malarial
drugs that increase the risks of development of drugresistant malarial species. D evelopment of affordable
malarial drugs is the call of the hour.
Related reports
Workers from different parts of the world have reported the
concern over increasing cases of drug-resistant Plasmodium
spp. and insecticide resistant vectors. Use of artemisinins
in falciparum malaria was like a boon which holds no
longer true. The workers are trying their best to develop
RDTs for malaria and effective ant-malarial drugs which
are affordable and very much needed in the poorer parts of
the world. Efforts are also being made to develop suitable
malarial vaccines.
Innovations & breakthroughs
The current paper comes as a handy tool for providing
detailed information on the current status of malaria and
the research for combating it. The effectiveness of plantproducts for malaria drugs and vector control has been
heightened by the author, which are very important for
futuristic research in this field.
Applications
Firstly, proper diagnosis of malaria and detection of
the species of Plasmodium causing it is the first step for
effective malaria treatment. Secondly, the tests should be
affordable. Thirdly, cheap drugs should be discarded as
they have already accelerated the development of drugresistance. F ourthly, use of plant products in malaria
medicine and mosquito control may serve as alternatives to
artemisinins. Last but not the least, development of malariavaccines is required urgently.
Peer review
The paper bears a valuable contribution in the field of
human medicine with respect to malaria considering the
present scenario. The author has not only given updated
information but also incorporated his own idea in this field.
The study focuses the importance of treating malaria along
with developing strategies for control of vectors as effective
tools for combating malaria. They should be considered
together and not in isolation.
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