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Introduction
Malaria, the disease which infected 500,000 [1] and killed over 

60,000 men during World War II [2] still continues to be a significant 
public health problem in the 21st century world and causes 1-3 million 
deaths every year. Transmitted by the bite of the female anopheles 
mosquito, malaria is caused by members of the genus Plasmodium (P.) 
namely P. vivax, P. falciparum, P. ovale, P. malariae and P. knowlesi.

Changing Epidemiology
World Health Organization (WHO) estimates that global malaria 

incidence has decreased by 17% and death due to malaria by 26% from 
2000-2010. 91% of deaths and 81% of the cases were reported from 
the African Region [3]. These improvements are attributed to human 
interventions, greater funding, greater use of insecticide treated bednets, 
indoor residual spraying, rapid diagnostic tests, and artemisinin-based 
combination therapies. Many epidemiologic changes have been noted 
in malaria-eliminating countries. Malaria cases are increasingly male, 
adult, clustered geographically, imported, among migrant and other 
hard-to-reach groups, and caused by Plasmodium vivax [4].

Despite these encouraging trends the sad fact is that 219 million 
cases and 660,000 deaths from malaria were reported by WHO in 2010 
[5]. When undocumented deaths were taken into account, this number 
was a staggering 1.24 million. 65% of the cases occurred in children 
under 15 years of age [6]. Malaria is presently endemic in a broad band 
around the equator, in areas of the Americas, many parts of Asia, and 
much of Africa. The efforts of the Malaria Atlas Project, which aimed 
to map the global endemic levels of malaria and assess disease burdens, 
led to the publication of the P. falciparum endemicity map in 2010 [7].

The Indian Scenario
Malaria is one of the major public health problems in India with 

around 1.5 million confirmed cases reported annually by the National 
Vector Borne Disease Control Programme (NVBDCP) [8]. About 
50% cases are attributed to Plasmodium falciparum as compared to 
only 14% in 1970 [9]. The increased proportion of falciparum cases 
is mainly due to the continued use of chloroquine despite the drastic 
increase in chloroquine resistant falciparum. Another significant factor 
is the role played by mosquito vectors including increasing resistance 
to insecticides seen in Anopheles culicifacies and Anopheles fluviatilis- 
the two main vectors in rural India [10]. The poor functioning 
of Government schemes like the Urban Malaria scheme has also 

contributed to the resurgence of malaria [11].

Changing Clinical Spectrum and Virulence of P. vivax
Traditionally, complicated or severe malaria was thought to be 

caused only by P. falciparum with P. vivax causing benign tertian 
malaria. The main problem with vivax malaria was relapses due to 
persistence of dormant hypnozoites in the liver. This was tackled 
by the administration of primaquine but there have been reports of 
increasing primaquine resistance from Indonesia and Oceania [12]. 
Vivax malaria has long been associated with complications like anemia, 
thrombocytopenia and rarely splenic rupture. Mortality and morbidity 
have however been low. This simplified scenario has been fast changing 
over the past decade with increasing reports of acute lung injury, 
pulmonary edema, acute kidney injury, shock, cerebral malaria, severe 
hyperbiliribunemia [13].

Barcus et al. reported that 3.2% of patients admitted in north eastern 
Indonesia Papua with P. Vivax infection had severe malaria [14]. Tjitra 
et al. reported that of all malaria admissions in a hospital in Timika, 
southern Papua, Indonesia, severe disease was present in 23% of P. 
vivax cases (675/2,937) as compared to only 20% of P. falciparum cases 
(1,570/7,817); mixed infections accounted for the highest percentage 
(31%). Severe anemia was the commonest complication associated 
with P. vivax malaria. Importantly P. vivax also resulted in respiratory 
distress in 78 patients and coma in 42 patients. 1.6% vivax cases died 
during admission as compared to 2.2% cases of falciparum cases and 
2.3% cases with mixed infection [15].

Kochar et al. in 2005 reported 11 cases of severe  Plasmodium 
vivax  malaria in Bikaner. Complications included cerebral malaria, 
acute kidney injury, shock, severe anemia, hemoglobinurea, bleeding 
diathesis, acute respiratory distress syndrome and jaundice [16]. 
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Out of 303 children with malaria in Bikaner, Kochar et al. 63.1% of 
children with vivax malaria had severe disease as compared to 42.7% 
with falciparum malaria. The risk was greater in the 0-5 year age group 
where 75.7% P. vivax malaria cases had severe disease. Severe cases 
were more in female children [17].

Bhattacharjee et al. studied 763 P. vivax malaria cases at a 
tertiary centre in National capital region, India and reported a multi-
system involvement with abdominal manifestations (including 
hepatosplenomegaly, hepatomegaly, splenomegaly and ascites) in 
45.8% cases, hepatic dysfunction and jaundice in 16.7%, moderate to 
severe anemia in 89.9%, thrombocytopaenia in 82.1% cases, petechiae 
in 26.8% cases, gross bleeding in 5.3% cases, respiratory findings 
(tachypnoea, pleural effusions and acute respiratory distress syndrome 
in 13.1% cases, deranged renal function in 9.5% cases, circulatory 
collapse in 4.1% cases, cerebral malaria in 5.9% cases, hypoglycaemia 
in 53% cases, multi-organ dysfunction was detected in 6.54% cases. 
They too noted that younger children (0-5 years) had more severe 
complications [18].

Clinico-pathological Correlation
These studies suggest that both sequestration and non sequestration-

related complications can occur with P. vivax. P. vivax incites a greater 
inflammatory response than P. falciparum with same degrees of 
parasitemia [19]. Studies in the Amazon belt of Brazil indicate that 
TNF (Tumor Necrosis Factor) and IFN- gamma (Interferon Gamma) 
are increased in P. vivax infections. They also correlate with severity of 
disease in a linear manner and their levels decrease with recovery [20]. 
Infection may lead to a proinflammatory state which in turn might 
incite a cytokine imbalance. Despite these insights the sad truth is that 
little is known about the pathogenesis of vivax malaria and the reasons 
behind the increase in virulence. The availability of the P. vivax genome 
may help us know more about this neglected pathogen that though 
labeled as benign is often malignant.

Diagnosis
Early and accurate diagnosis of malaria is imperative for effective 

management. Even today, the most widely used method is to diagnose 
malaria “clinically” particularly in areas of high transmission and 
low resources like parts of Africa. However, this method is obviously 
unreliable as the clinical features of malaria are highly non specific. The 
gold standard is microscopic diagnosis- demonstration of the parasite 
on thick smear with identification of species on thin smears. However 
the technical infrastructure and personnel required for microscopy is 
often difficult to provide for. Apart from being labor intensive, it is also 
time consuming and delayed reporting leads to delay in institution of 
treatment.

Since the late 1990s rapid diagnostic tests have become available 
for the diagnosis of malaria. These tests use immunochromatographic 
methods to detect malarial parasites in lysed blood. Usually the test 
comes in the form of a dip-stick or test strip that bears monoclonal 
antibodies against the targeted malarial antigen. The antigens 
commonly targeted are the falciparum specific HRP-II (Histone 
Rich Protein- a water-soluble protein produced by trophozoites 
and young falciparum gametocytes) and plasmodial LDH (Lactate 
Dehydrogenase). The advantages of RDTs (rapid diagnostic tests) are 
that they can be performed by people with minimal training and give 
rapid results (under 15 minutes). Their sensitivity is comparable to 
microscopic detection of P. falciparum on thick smears (about 0.001% 
parasitemia) [21]. However, they are unable to quantify parasite 

density, differentiate between P. vivax, P. ovale and P. malariae, and 
between the sexual and asexual stages [22]. Tests may remain positive 
despite parasite clearance following chemotherapy eg- P. falciparum 
HRP- 2 kits may show positive results for upto 3 weeks following 
successful treatment.

In India, RDT kits for detection of P. falciparum are provided by 
NVBDCP in areas where microscopy results cannot be reported within 
1 day of sample collection [23]. There are several other methods for 
the diagnosis of malaria. However they are not used routinely. They 
include PCR (Polymerase Chain Reaction-the most sensitive and 
specific method) and microscopy using flurochromes like acridine 
orange on blood smears or centrifuged blood.

Treatment
Although chloroquine resistance in P. vivax is being increasingly 

reported from South East Asia, Indonesia, Oceania, Central and 
Southern Americas, the treatment of choice for all non falciparum 
malarias still continues to be chloroquine except in Indonesia and 
Papua New Guinea. In India, chloroquine is recommended at a dose 
of 25 mg/kg divided over 3 days along with primaquine 0.25 mg/kg 
for 14 days to prevent relapse. Primaquine is contraindicated in G6PD 
(Glucose 6-Phosphate Dehydrogenase) deficient individuals, infants 
and pregnant women. However, severe vivax malaria should be treated 
in the lines of severe falciparum malaria [23]. Falciparum malaria 
should be treated with ACT (Artemisinin Combination Therapy) 
along with primaquine 0.75 mg/kg single dose on day 2. Artemisinin 
derivatives should not be used as monotherapy in uncomplicated 
malaria due to the fear of development of resistance when these rapid 
acting derivatives are used without long acting anti-malarials.

Treatment in pregnancy

In India, falciparum malaria in pregnancy is treated with quinine 
in the 1st trimester and with ACT in the 2nd and 3rd trimesters. 
Chloroquine is used for vivax malaria [23].

Severe Malaria Treatment
New drug: synriam 

Synriam is a fixed dose formulation containing the short acting 
arterolane and long acting piperaquine. Arterolane is the first fully 
synthetic, non- artemisinin, oral, rapidly acting anti-malarial drug. 
Piperaquine acts against both P. vivax and P. falciparum (including 
chloroquine resistant strains) [24]. Given once daily for three days, it was 
approved by Drug Controller General India for use in uncomplicated 
falciparum malaria in 2011. The combination was compared with 
artemether-lumefantrine in a phase III, double blinded, randomised, 
multicentre trial in 186 patients of uncomplicated falciparum malaria. 
As compared with 98.9% patients with artemether- lumefantrine 
synriam cured 97.9% patients. Median fever clearance time and parasite 
clearance time for arterolane- piperaquine was 18hours and 36 hours 
respectively as compared with 24 hours and 34 hours respectively for 
artemether-lumefantrine [25].

Conclusion
Arterolane-piperaquine has been found to be safe in phase II and 

phase III trials [25,26]. The most common adverse effects are head 
ache and GI side effects; in general the safety profile is comparable 
to that artemether-lumefantrine combination. There are no specific 
contraindications except hypersensitivity to any of the ingredients.
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