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ABSTRACT 
 

Introduction:  

 

Malaria is a vector born disease of major public health concern in several tropical and 

subtropical countries. Five different plasmodium species are known to cause malaria. For 

optimal public health measures, region specific prevalence of plasmodium species should 

be identified by optimal diagnostic methods available. Inflammatory cytokines play an 

important role in human immune responses to malaria. There should be cytokine balance 

between pro-inflammatory and anti-inflammatory cytokines. If there is dysregulation, 

amongst these pro-inflammatory and anti-inflammatory cytokines, it will lead to 

pathogenic effects. Major obstacle in the malaria prevention and eradication is the 

emergence of resistance in parasites towards many anti-malarial drugs. This significantly 

compromise the strategies used in controlling the infection. 

 

Aims and Objectives  

 

To study the prevalence of P.vivax and P.falciparum infections among suspected malaria 

cases and to analyze pro-inflammatory and anti-inflammatory cytokines implicated in 

malaria such as TNF-α, IFN-γ and IL-10, and TGF-β and to identify the mutation in drug 

resistance genes; pvmrd1 and pvdhfr of  Plasmodium vivax clinical isolates to understand 

drug resistance pattern. 

 

Material and methods:  

 

A cross sectional study was conducted in 600 clinically suspected malaria cases.  All the 

blood samples were screened by conventional PBS microscopy and rapid diagnostic tests 

(RDT). Blood samples positive for malaria were subjected to detection of cytokines 

TNF-α, IFN-γ, IL-10, and TGF-β by ELISA. Molecular confirmation of P.vivax and 

detection of pvmdr-1 gene and pvdfhr gene responsible for drug resistance in P.vivax 

were analysed. 

. 

Statistical analysis: 

 

Data will be analysed using SPSS software (version 20). The percentage analysis of the 

data will be given.  

 

 

v



 
 

 

Results: 
 

 A total of 600 blood samples of malaria symptomatic cases were screened. 45 samles 

were found to be positive for malaria by microscopic observation and 51 samples by 

antigen detection by RDTs and 36 samples by PCR. Out of these 45 positive cases 33 

(73%) were caused by P. vivax, 10 (22.2%) by P. falciparum  and 2 (4.4%) were of 

mixed infection (P. vivax + P. falciparum) cases. Both the selected pro-inflammatory 

(TNF-α and IFN-γ) and anti-inflammatory (IL-10 and TGF-β) markers in the present 

study were found to be significantly elevated in malaria cases compared to healthy 

controls. In this study most of the P.vivax isolates had mutations in T958M (94.4%) & 

F1076L (83.3%) was observed and one isolate had mutations in Y976F (2.7%) pvmdr1 

and wild type single type mutation in  S58R  and S117N amino acid positions of pvdhfr 

genes. 

 

Conclusion: 

 

The present study detected the presence of SNPs in both pvmdr-1 and pvdhfr gene in the 

selected geographical area. The frequency of mutations in these genes does not indicate 

the development of complete resistance to chloroquine and sulfadoxine-pyrimethamine 

in P. vivax. However, few SNPs detected in both genes suggested the probable early 

phase of resistance development. 
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1. Introduction 

 
 

Infection with malaria remains a major cause of significant morbidity, mortality 

and imposes significant economic loss across the globe making it a major global health 

care threat. It is endemic particularly in most of the tropical and subtropical countries 

where nearly half of the world’s population is resided and are ever at the risk of malaria 

infections.1 This devastating disease is caused by a hemoprotozan, single-celled 

protozoan parasites of the genus called Plasmodium that spreads by the vector-female 

Anopheles mosquitoes. Among the 5 species of Plasmodium parasites, P. falciparum and 

P. vivax are the two major culprits of causing malaria. There were estimated incidences 

of more than 219 million clinical cases in the year 2017-18 and 435,000 deaths were 

reported from 87 countries worldwide 2. The endemicity of malaria is due to complex 

interactions between vector, host, pathogen and local environmental factors.3  

 

India is considered to be a major contributor to the worldwide P.vivax malaria, 

accounting for 50-55% of the total malaria burden in the country, and remainder cases 

being caused by P. falciparum and a few cases by P. malariae and of P. ovale. India 

accounts for approximately two-thirds of the confirmed malaria cases (∼1.09 million 

clinical cases) and 331 deaths were reported in the subcontinent region.2  

  

Indeed, during the last decade, malaria caused between 210 and 260 million 

clinical episodes and up to 400,000 deaths annually. In 2020 alone, 94% of the malaria 

cases were recorded in the sub-Saharan Africa. Nigeria (27%), the Democratic Republic 

of the Congo (12%), Uganda (5%), Mozambique (4%) and Niger (3%) accounted for 

about 51% of all malaria cases golobally.4 Children of less than 5 years and pregnant 

women living in these regions account approximately 85% of deaths 4. 

 

National Vector Borne Disease Control Programme (NVBDCP) estimated a total 

of 0.84 million confirmed malaria cases and 194 related deaths in 2017.5 Plasmodium 

vivax malaria was once thought to be benign and also was long considered to cause low 

mortality, but recent studies reported from some geographical areas suggest it as a more 

virulent form and more common than previously thought leading to severe malaria and 

life threatening complications.6--7 
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Clinical manifestations of malaria infection differ and appear to be regulated by 

several factors such as age, immune status of the host and parasite genetic 

polymorphisms, and regional variation.8-10 Malaria is an inflammatory response-driven 

disease and immune responses against circulating parasite play key roles both in host 

protection and pathogenesis. Initial pro- inflammatory responses such as inflammatory 

cytokines are essential for clearing malaria parasites and a finely tuned balance is 

required between inflammatory and regulatory cytokine responses for controlling disease 

progression and parasite clearance.11 Early production  of proinflammatory cytokines 

such as tumor necrosis factor (TNF)-α, interferon (IFN)-γ, interleukin (IL)-6, and other 

inflammatory cytokines allow faster inhibition and clearance of parasite and stimulate 

monocyte phagocytosis.12-13 As the infection progresses, pro- inflammatory responses are 

gradually down regulated with a parallel increase in anti-inflammatory responses such as 

IL-10 and transforming growth factor (TGF)-β resulting in balanced pro-/anti-

inflammatory responses that regulate pathogenesis to protect against severe 

complications.14  

 

Majority of the cases of malaria in India are cause by P. vivax.15 Chloroquine 

(CQ) and primaquine are first line of drugs used to treat malaria infection. The 

emergence of resistance to the antimalarial drugs can significantly compromise the 

strategies used in controlling the infection, especially in the endemic regions. In a major 

setback, reduced susceptibility to all the frontline antimalarial drugs (amodiaquine, 

chloroquine, mefloquine, quinine, sulfadoxine-pyrimethamine) used for controlling P. 

falciparum infection is reported.15-17  

Based on the F1076L mutation in pvmdr-1 gene, resistant P. vivax isolates was 

highly predominant in both the regions, Cuttack, Jodhpur with 100%, followed by 

Mangaluru  with 93.3% and Puducherry with 73.3%. The detection of CQ resistance in 

P. vivax isolates, based on Pvmdr-1 gene, showed that the T958M mutation was 

observed with 100% frequency, followed by F1076L mutation with 91.7%. However, 

Y976F mutation was not detected in any of the P. vivax isolates screened for CQ drug 

resistance.18  
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Studies in China and Myanmar have found the prevalence of pvdhfr and pvdhps 

drug-resistant mutations in P. vivax in regions of Yunnan province, China, including the 

Xishuangbanna prefecture and areas along the Nu River, and these studies identified 

parasites highly resistant to SP in subtropical China and Yangon, Myanmar from 2010 to 

2014.19. 

Currently available antimalarial drugs are broadly categorized into three types. 

Aryl amino alcohol compounds including quinine, quinidine, halofantrine, lumefantrine, 

chloroquine, amodiaquine, mefloquine, cycloquine, etc. Antifolate compounds: 

proguanil, pyrimethamine, trimethoprim, etc. Artemisinin compounds like artemisinin, 

dihydroartemisinin, artesunate, artemether, arteether, etc. Most of the antimalarial drugs 

target the asexual erythrocytic stages of the parasite (blood schizonticidal drugs). Two 

types either fast-acting (Chloroquine, quinine, and mefloquine) or slow-acting 

(Pyrimethamine, sulphonamides, and sulphone). Tissue schizonticidal drugs target the 

hypnozoites (dormant stage of the parasite) in the liver whereas gametocytocidal drugs 

destroy sexual erythrocytic forms of the parasite in the bloodstream preventing 

transmission of malaria to the mosquito. Sporontocides prevent or inhibit the formation 

of malarial oocysts and sporozoites in the infected mosquito. Quinolines (affects 

polymerization of hemozoin), antifolates (block dihydrofolate reductase and 

dihydropteroate synthetase enzymes of the parasite) and artemisinin (have various 

mechanisms), administered alone or in combination to treat malaria. 

Findings from two studies suggested that P. vivax elicits greater host 

inflammation than P. falciparum. 20-21 Contrary to these two reports, a study from Brazil 

reported similar levels of regulatory cytokines per parasitized red blood cell in both 

P.vivax and P. falciparum malaria.22 A study from the central zone of India reported 

preliminary data on pro and anti inflammatory cytokine profiles and their association 

with clinical signs of mild anemia in P. vivax malaria patients.23 Parasite specific factors 

like adhesion, sequestration, release of bioactive molecules and host inflammatory 

responses like cytokines, chemokines production and cellular infiltration are responsible 

for the pathogenesis of severe malaria.24-25 Thus, the analysis of clinical, biochemical 

profile and a thorough understanding of the immunological responses in the 

serum/plasma of the patient are necessary to know the degree of morbidity and 

pathophysiological changes associated with malaria infection.  
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India, being densely inhabited and its diverse geographic conditions make more 

suitable place for sustaining malaria parasite. Majority of the cases of malaria in India 

are caused by P. vivax infections.26 Major obstacle in the malaria prevention and 

eradication is the emergence of resistance in parasites towards many anti-malarial drugs 

including chloroquine against them. Chloroquine resistance (CQR) by P. vivax malaria 

cases has been well reported worldwide including India.27-34 Chloroquine (CQ) and 

primaquine are first line of drugs used to treat malaria infection. The emergence of 

resistance to the antimalarial drugs can significantly compromise the strategies used in 

controlling the infection, especially in the endemic regions. In a major setback, reduced 

susceptibility to all the frontline antimalarial drugs (amodiaquine, chloroquine, 

mefloquine, quinine, sulfadoxine-pyrimethamine) used for controlling P. falciparum 

infection is reported.26,35,36 More recently the reports of resistance to artemisinin 

derivatives is of major concern.35,36 The first case of resistance to CQ  in P. vivax was 

reported from Papua New guinea.37 Understanding the resistance mechanisms to 

antimalarial drugs in P. vivax is limited due to lack of continuous in-vitro culture 

method. The exact P. vivax resistance mechanisms have not been well studied mainly 

because of the lack of continuous in vitro culture system. Hence, during monitoring of 

CQR, a majority of previously reported studies have employed the surveillance strategy 

of analyzing the single nucleotide polymorphisms SNPs in the resistant gene markers 

that are associated with drug resistance.38 P.vivax species isolated from clinical cases 

with treatment failure has helped to analyse the Single Nucleotide Polymorphisms 

(SNPs) in the genes likely to be associated with drug resistance.38 Several SNPs are 

reported in pvmdr-1 gene for CQ drug-resistant in P. falciparum and P. vivax. Among 

several SNPs reported, mutations in Y976F and F1076 region of pvmdr-1 gene are 

associated with CQ resistance.39-41 However few studies have failed to observe any 

correlation between mutations in pvmdr-1gene and the clinical outcome of P. vivax 

infections to treatment with CQ.42-44 Few studies have also reported the association of 

variations in pvmdr-1 gene copy numbers with CQ drug resistance.45, 46  

 

 

An emergence of resistant to sulfadoxine–pyrimethamine (SP) is specifically of 

concern as this may lead to treatment failure, particularly in mixed infection with P. 

vivax. This drug acts on the two enzymes involved in folate metabolism, namely 

dihydrofolate- reductase (dhfr) and dihydropteroate synthase (dhps). Mutations in these 

genes are reported to be associated with the resistance to SP.47 Pyrimethamine resistance 
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was associated with mutations at codon region 57, 58, 61,117 and 113 in dhfr gene. 

Similarly, sulfadoxine resistance was associated with mutations at codon region 

382,383,512,553 and 553.48 In India, 53 % of the malaria infections are due to P. vivax49  

and CQ is used as a front line treatment for P. vivax malarial infections. .Few studies 

have reported resistance to CQ in clinical cases from India.50-53 Due to the prevalence of 

these resistance, Artemisinin-based combination therapy (ACT) is preferred especially in 

complicated mixed infection cases, Even though SP is not the treatment of choice for P. 

vivax infections in India, it is often prescribed in cases of mixed infections, exposing P. 

vivax to SP in the process.48  Hence the regular assessment of drug resistance to both CQ 

and SP is essential for optimal management of P. vivax malaria infections. Although 

SNPs analysis will not provide complete information about drug resistance, nevertheless 

it is helpful as an indicator of preliminary emergence of resistance. Further the 

correlation of SNPs with the gene copy numbers together with clinical outcome will 

offer a clear picture of drug resistance. Monitoring and surveillance of CQR patterns is 

necessary as the CQ is the mainstay in the treatment of P. vivax infection, and in turn the 

anticipated outcomes could influence the advocacy of drug policy in order to have 

effective malaria control program. It is also essential to look at SNPs in different 

geographical regions for identification of local prevalence of drug resistance. Hence in 

this study blood samples collected from patient’s infected with P. vivax from two regions 

of Karnataka (Vijayapura and Bengaluru), India were assessed for SNPs in pvmdr-1 gene 

for CQ and pfdhfr gene for SP. 

 

Most of the available studies on malaria outbreak in Karnataka state are from 

Mangaluru, a malaria endemic south-western city in India. However, there is a paucity of 

data on malaria outbreak and disease transmission in non-malaria endemic regions in 

Karnataka state. A detailed hospital-based cross-sectional observational investigation is 

needed to study malaria cases reported to tertiary care hospitals in such areas. 

 

Among the five different plasmodium species known to cause malaria, P. 

falciparum and P. vivax are associated with the majority of the infections reported. A 

detailed understanding of the plasmodium species involved in epidemiology of malaria is 

essential for initiating optimal public health measures in different geographical regions. 

Hence analyzing and comparing the diagnostics approach used to distinguish between 

plasmodium species are essential.  
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Several diagnostic methods are available for the accurate detection of malaria 

caused by different plasmodium species. The commonly used methods are light 

microscopy (using thick and thin smear) and Rapid Diagnostic Test (RDT: using 

immune-chromatographic lateral flow assay). In addition, advanced techniques such as: 

genotypic detection of plasmodium species by polymerase chain reaction (PCR), Loop 

mediated isothermal amplification (LAMP) assay and flow cytometry etc., are also 

available for the detection of malaria.54-56 Though microscopy is easy to perform and 

cost-effective, it has several limitations in accurate identification of plasmodium species 

causing malaria.57 Comparison to PCR, sensitivity and specificity of microscopy and 

RDT is reported to be low.58 PCR method targets the amplification of 18S rRNA gene, 

which is amplified and detected by nested PCR.59 However in a clinical setting, due to 

limitations in the availability of a molecular biology lab, PCR method is restricted to 

laboratory-based diagnosis.60 This study attempted to determine the incidence rate of 

malaria in two regions of South India i.e., Bengaluru and Vijayapura and compared the 

diagnostic performance of microscopy and RDT methods with PCR as a gold standard 

method for detection of malarial infection. 
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2. AIMS AND OBJECTIVES: 

 

1. To study the prevalence of P.vivax and P.falciparum infections among 

suspected malaria cases. 

 

2. To analyze pro-inflammatory and anti-inflammatory cytokines implicated 

in malaria such as TNF-α, IFN-γ and IL-10, and TGF-β. 

 

3. To standardise a species specific polymerase chain reaction (PCR) assay 

for molecular confirmation of Plasmodium vivax. 

 

4. To amplify resistance conferring gene(s) pvmdr1 and pvdhfr in the 

clinical isolates of Plasmodium vivax. 

 

5. To identify the mutation in drug resistance genes; pvmrd1 and pvdhfr of  

Plasmodium vivax clinical isolates to understand drug resistance pattern. 
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3. Review of Literature  

 

3.1 History of Malaria  

 

Malaria is an ancient disease, occupying a unique place in the historical records 

of human health. This ancient human health threat has inexorably taken many human 

lives for millennia. During our human evolution process, malaria has played a key 

influential factor in influencing human development than that of any other infectious 

agent concerning the three species, which include habilis, erectus and sapiens. This 

disease perturbed our ancestors in one or the other form and list of sufferers were 

included from Neolithic dwellers to early Chinese, Indians, and Greeks to Romans. The 

chronicle of malaria parasites proceeds as a human pathogen in the whole history of our 

human race playing a part in wars and rising as well as the decline of nations. The first 

available proof of malaria parasites inside the mosquitoes is seen in the preserved 

archaeological amber sample dated back to the Palaeogene period of approximately 30 

million years.1 A study on the evolutionary aspect of malarial parasites has made the time 

estimation of transmission of P. falciparum to humans by monkeys. The study has 

postulated transmission occurred probably in the period between the end of the 

Mesolithic and the beginning of Neolithic age.2 Another study in the same year showed 

the finding that humans contracting P. falciparum initially from gorillas.3 The same Liu 

et al., research group worked on another most prevalent human malaria parasite P. vivax 

revealed the likely origins of P. vivax parasite in African gorillas and chimpanzees.4 In 

the Neolithic age of about ten thousand years ago, malaria started to have a significant 

impression on the survival of humans, making it coincide with the start of agriculture 

activities. Evolutionary consequences forced to have changes in several genes that 

conferring an advantage selectively against malaria infection.5 Certain human blood 

disorders such as glucose-6-phosphate dehydrogenase deficiency (G6PD), thalassaemias, 

sickle-cell disease, Southeast Asian ovalocytosis, and loss of few antigens such as 

glycophorin C (Gerbich antigen) and the Duffy antigen on the erythrocytes etc., are 

resulting due to defects in their respective genes. In a way, these diseases serve as natural 

selection determinants against the occurrence of malaria infection. The supporting 

historical clues about these are observed in the artefacts during the archaeological 

excavations at the sites of the Mediterranean region (Roman Empire). The 3 most 

important types of inherited genetic resistances G6PD (Glucose-6-phosphate 

dehydrogenase deficiency) sickle-cell anemia, and thalassaemias were evidently existed 

in the Mediterranean.   
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References in ancient writings and artefacts testify to the long reign of malaria 

from ancient times. Descriptions of malaria occur in several ancient texts such as in the 

ancient Chinese Canon of Medicine (Nei Ching; 2700 BC) that refers to the epidemic 

occurrence, fever patterns typically associated with splenomegaly. Similarly, cuneiform 

writings on the clay tablets from Mesopotamia from 2000 BC describe deadly periodic 

fevers that are suggestive of malaria disease. These references are followed by the 

records of Sumerian, Assyrian, Babylonian, Egyptian papyri writings, Indian, Greek, 

Roman and Arabic Writings from the Hindu Vedic scripts belonging to the Vedic periods 

(1500-800 BC) described malaria as the King of diseases and have recorded about the 

pattern of autumnal fevers and abnormal changes such as enlargement of the spleen 

indicating the presence of malaria in ancient India.6 The Atharva Veda, the last one 

among the four Vedas, compares this febrile illness with mahavarsha  means excessive 

rains. Dhanvantari (800 BC) sheds light on the relation of mosquitoes with febrile 

diseases. A study recently reported the presence of malaria parasitespecific antigen in a 

sample of Egyptian remains that dates back to 3200 and 1304 BC.6 In the writings of the 

Greeks, mentioning about the malaria had appeared from around 500 BC. Unique 

references of the first millennium BCE regarding the periodic fevers are found 

throughout the recorded history of Greece and China.7 However, all these pre-historical 

records must be regarded with caution for their proper interpretations. Meanwhile, 

records belonging to the later centuries provide firmer ground to learn about the history 

of malaria. The early Greeks, including author Homer (circa. 850 BC), Empedocles of 

Agrigentum (circa. 550 BC) and Hippocrates (460 –377 BC) were well known about the 

poor health characteristics, malarial fever patterns and enlarged spleens observed in 

people who live in dwellings near marshy places. Hippocrates, the father of medicine, 

was the first physician to relate the pattern of the intermittent fever with climatic and 

environmental factors and he also described the malaria-specific symptoms such as 

paroxysm, chills, and sweats classified the fever depending on the periodicity. Several 

Chinese documents of later period provide valuable and more precise information about 

the malaria infection. For instance, Zuo Qiuming (circa. 500 BC) reasoned the contract 

of the disease to the insect bite. Roman medical literature (around 200 BC) has well 

described the causes and symptoms of malaria and rightly guessed open marshes as a 

source of malaria which led to the Italian term coining malaria referring ‘bad air’ to 

describe the cause of illness. The disease caught the curiosity of many historians, 

numerous scientists as well as politicians on this subject area, and it was one of the 
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determining factors to shape the evolution of demographics and socio-economics in the 

Italian peninsular region.   

 

In the 20th century, 150 to 300 million lives were claimed by malaria, accounting 

for 2 to 5 % of all mortalities.8 Currently, even though chief sufferers of malaria are the 

economically weaker populations of sub-Saharan Africa, Asia, the Amazon basin, and 

other tropical regions, more than 40% of the world population still living in the areas 

where the risk of malaria persists.  

 

3.2 Discovering the Malaria Parasite  
 

For a considerable length of period, the bad vapours expelled by stagnant water 

land were believed to be accountable for malaria. Although, in 1716, for the first time, 

Italian physician Giovanni Maria Lancisi, showed a formation of characteristic black 

pigmentation in the brain and spleen of malaria victims, however, he still believed that 

poisonous vapours caused malaria from marshy land. This long-time belief was shaken 

by Giovanni Rasori (1766-1837) when he questioned the ‘bad air’ theory in 1816, and 

instead, he alternatively suggested microorganism could be cause for malaria. Much of 

the understandings and advancements in scientific studies on the malaria parasites start 

from the year 1880, when Charles Louis Alphonse Laveran (1845-1922), a French army 

doctor discovered the living microscopic parasites inside the red blood cells of a febrile 

soldier during the time of Franco-Prussian War. He observed transparent and crescent-

shaped bodies with a small dot of pigment which has been later characterized as 

hemozoin. Laveran named the parasite as Oscillaria malariae.9 On subsequent 

examination of 192 blood specimens from malaria patients, Laveran could able to see 

pigment-containing crescents in the three fourth of the suffering patients (148 patients).9 

Besides, he could also differentiate four distinct forms of the parasite in the blood 

samples viz., trophozoite, the female and male gametocyte, and schizont stages. These 

valuable observations were not made before, probably because earlier investigators did 

not use wet blood films for their observation. These findings were initially met with 

skepticism for six years, but later they were duly asserted. For this commendable work of 

discovering the single-celled protozoan, Laveran received the Nobel Prize for Physiology 

or Medicine in the year 1907. Laveran had assumed the only existence of one malaria-

causing species, Oscillaria malariae. However, in 1885, based on the periodicity of fever, 

Camillo Golgi (1843-1926), proposed an idea of the existence of at least 2 disease forms. 

First one, fever observed every other day called tertian periodicity caused by P. vivax 
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and the second form in which fever observed on every third day, quartan periodicity 

caused by another type of parasite P.malariae. Golgi also demonstrated that the rupture 

of asexual blood schizonts releases merozoites into the bloodstream. This release of 

merozoites results in the onset of fever either on every third or on the fourth day, and 

these patterns correlated the severity of symptoms. In 1890, Giovanni Batista Grassi and 

Raimondo Filetti from Italy for the first time coined the names P. vivax and P. malariae 

for two of the human malaria parasites. Dimitri Romanowsky (1861-1921) developed a 

staining method in the year 1891, which thereafter came for help to prove different 

species of parasites, causing malaria. The stain comprised the combination of eosin and 

methylene blue to differentially stain the parasite‘s nucleus and cytoplasm, respectively. 

In 1896, William MacCallum and Eugene L. Opie of Johns Hopkins Medical School 

discovered the sexual stages of the parasite in the circulation of birds infected with 

Haemoproteus columbae, a related haematozoan.9 In 1897 through his remarkable study, 

Ronald Ross confirmed the existence of oocysts in the midgut region of female 

anopheline mosquito and he also elucidated the transmission cycle in culicine subfamily 

of mosquitoes and birds infected with the parasite species Plasmodium relictum. In the 

same year 1897, William H. Welch, an American researcher named the malignant tertian 

malaria parasite as P. falciparum, Plasmodium referring to multinucleate sheet of 

cytoplasm and falciparum a mixed term of two Latin words ‘falx-sickle’ and ‘parere’ 

referring to “to give birth”. The fourth human malaria parasite, P. ovale was discovered 

in 1922 by John William Watson Stephens and the presence of fifth parasite P. knowlesi 

in a long-tailed macaque by Robert Knowles and Biraj Mohan Das Gupta in the year 

1931. The phenomenon of Anopheline species mosquitoes transmitting malaria was 

conclusively validated by a group of the Italian malariologists consisting of Grassi GB, 

Bignami A, Bastianelli G, Celli A, Golgi C and Marchiafava E. In 1948, Henry Shortt 

and Cyril Garnham discovered the fact that malaria parasites develop in the liver organ 

before they enter into the blood circulation. The continuation of this work that is the 

presence of dormant hypnozoites in the liver was conclusively demonstrated later in the 

year 1982 by Wojciech Krotoski. Several research groups have put their relentless efforts 

to culture human malaria parasites. In this direction for the first time in 1912, C. C. Bass 

and Foster M. Johns tried to cultivate the asexual forms of P. falciparum and P. vivax in-

vitro in human blood. 10 Later many other workers have continued the efforts of 

developing in-vitro parasite culture for experiments with chemotherapeutic agents. Later 

in 1976, William Trager achieved a breakthrough in malaria research by succeeding in 
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the continuous culture of P. falciparum in a medium of human red blood cells, and this 

endeavor could open up an avenue for the discovery of malaria vaccine .11 The inception 

of DNA sequencing projects in the 1990s has encouraged the scientific community to 

undertake studies in the parasite molecular biology. In the year 2002, genomes 

sequencing works of P. falciparum, as well as the vector Anopheles gambiae, were 

successful completed. 12 Later in the year 2008, the genomes of P. vivax and P. knowlesi 

have also been successfully. 13, 14   

 

3.3 Human Malaria  
 

There are four well-established human malaria parasites of genus Plasmodium 

which have been reported to infect humans and cause malaria are P. falciparum, P. 

vivax, P. ovale, and P. malariae. Although it is considered as a nonhuman primate 

malaria parasite, P. knowlesei can also infect humans.15 Among these five parasites, P. 

falciparum, and P. vivax pose an enormous burden to human health. Female Anopheles 

mosquitoes are the vectors, during their blood meal they pick up malaria parasite from an 

infected person, carry in their salivary gland and can even transmit all the five species of 

Plasmodium parasites. These five species are characteristically different and can be 

microscopically identified and differentiated based on species-specific morphological 

features. In addition to the gold standard microscopy approach, recent modern techniques 

like antigen-antibody detection based immuno-chromatographic tests and nucleic acid 

detection based polymerase chain reaction tests have also been employed for malaria 

diagnosis .16 P. falciparum is by far considered to be the most virulent and deadliest 

parasite in Plasmodium species that cause malaria in humans. It is the most prevalent and 

create enormous problem in the African region (99.7% estimated malaria cases), and also 

endemic in the South-East Asia region (62.8% cases) and Western Pacific region (71.9% 

cases). Nearly all types of severe malaria, mainly, cerebral malaria, is caused by this 

species. P. falciparum distinctively infects erythrocytes of all ages, and parasite-infected 

erythrocytes get attached to endothelial cells to avoid their clearance by the spleen.29 P. 

vivax is the second most prevalent human malaria parasite, and it is the leading cause of 

malaria outside of Africa. Majority of vivax malaria cases and its significant morbidity, 

as well as associated mortality, occur mainly in the regions of South East Asia, the 

Indian subcontinent, parts of Oceania and Central & South America regions. 17 Infection 

with this parasite is widespread, and it causes a relatively seldom fatal form of clinical 

disease. However, vivax malaria cases of exhibiting severe complications such as 

cerebral malaria, severe anaemia, circulatory collapse, abnormal bleeding, renal failure, 
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hemoglobinurea, and ARDS (acute respiratory distress syndrome) have also been 

reported.18 This vivax malaria could turn into its debilitating form and can impose a 

significant health and economic impacts on affected individuals.   

 

P. ovale and P. malariae are the two co-existing malaria species that cause 

human malaria relatively less common and substantially less dangerous than the first two 

predominant species. Malaria with 15 million P. ovale infection cases each year has been 

estimated.19 Recent genetic methods of detection of P. ovale have shown it consists of 

two sympatric subspecies; Plasmodium ovale wallikeri and Plasmodium ovale curtisi. 20 

Until recent times, the spread of P. ovale was thought that it was being limited to sub-

Saharan Africa, some Indonesian islands, the Philippines, and Papua New Guinea. 21 But, 

it has also been reported from Bangladesh, India, Thailand, Cambodia, and Vietnam. 22-25 

Compared to other malaria parasites, the reported prevalence of P. ovale infections is 

relatively low with less than 5%. At least one study in Cameroon has shown a higher 

prevalence of P. ovale infection to be greater than 10%. 26 Like P. vivax, P. ovale can 

also cause infection in the people who are Duffy negative blood group, and this 

phenomenon could explain the reason why the higher prevalence of P. ovale rather than 

P. vivax, is observed in most of. P. ovale causes a relatively mild form of malaria 

disease, and it rarely causes severe malaria.26    

 

P. knowlesi is known as a fifth human malaria parasite and it causes malaria 

disease in humans as well as other primates. It is the most common cause of human 

malaria infections in Peninsular Malaysia, and its prevalence can be found throughout 

Southeast Asian countries such as Thailand, China and Myanmar. Similar to falciparum 

malaria P. knowlesi can also develop uncomplicated to severe malaria and treatment 

options also very similar to other types of malaria, recommended to treat with either 

chloroquine or artemisinin combination therapy.  

 

3.3.1 Plasmodium: The Malaria Parasite  

 

The Apicomplexa is a large phylum consisting of mostly parasitic protists species 

which have diverse hosts. Many of these parasites can cause infections in humans and 

responsible for a significant burden on human health. Plasmodium is a genus of 

Apicomplexan phylum, and this group contains unicellular eukaryotes which are the 

obligate parasites of some vertebrates and insects. Plasmodium is endoparasitic 

protozoan and has a complex life cycle that is involving asexual and sexual stages. For 



Review of Literature 

Page | 23  
 

their completion, this life cycle needs two different hosts which are usually a vertebrate 

and a mosquito. These parasites can penetrate host tissues and cells and can cause 

diseases, for instance, malaria disease in the case of humans. Based on asexual 

multiplication process that occurs in the liver cells of hosts (exoerythrocytic schizogony), 

the genus Plasmodium has been defined.27  Only certain species of female mosquitoes 

belonging to the Anopheles genus can transmit malaria in humans. The taxonomy or the 

systematic nomenclature of malaria parasite described by (Mhelhorn and Walldorf, 

1988) 28 is as follows:  

 

Kingdom      Protista  

Sub              Kingdom Protozoa  

Phylum        Apicomplexa  

Class            Sporozoa  

Sub Class     Coccidia  

Order           Haemosporidae  

Sub Order    Aconoidina  

Family         Haemosporidae  

Genus        Plasmodium  

  

3.4 Global Burden of Malaria  

 

Although it has been more than 120 years since the discovery and 

characterization of malaria parasites, the disease still continued to be one of the most 

prevalent life-threatening infectious diseases imposing a great socio-economic burden on 

humanity. It has been shown that malaria is strongly related to the economic and social 

development of both an individual and a country.29  Malaria is known to be both a 

disease of poverty and a cause of poverty. Malaria can cause poverty by increasing the 

medical cost, loss of income, a negative impact on tourism/trade, or by indirect economic 

costs, whereas poverty can also cause malaria by decreasing the capacity and facility for 

disease prevention and control (at both individual and government levels). Even though 

the work toward the elimination of malaria began several decades ago, both worldwide 

and nationwide, the focus has now changed from eradication to control of infection, due 

to the dramatic increase of disease and high mortality rates. 30 The trends have been 

reversed in the past 15 years due to several preventive and control measures.  
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Along with six other infectious diseases such as diarrhoea, HIV/AIDS, 

tuberculosis, measles, hepatitis B and pneumonia, Malaria contributes for an overall 85% 

burden of Global infectious disease burden. Malaria has continued to be a major public 

health threat in the tropical and subtropical regions across the globe affecting 

approximately 36% of the world population (2 billion) in around 90 countries. World 

Malaria Report 2018 reveals 219 million cases of malaria infection and 435,000 malaria 

deaths. There were 451,000 estimated mortalities in 2016, and 607,000 deaths in 2010.   

 

Owing to the lack of credible diagnostic facilities and reporting systems in many 

malaria endemic regions expecially in Africa, the above numbers could be 

underestimated. The risk and adverse effects of malaria infection may considerably vary 

among different population groups. For instance, pediatric patient populations who are 

under five years of age are the most vulnerable group affected by malaria. Patients with 

immunocompromised diseases such as HIV/AIDS are also at higher risk of malaria 

infection than adult population group. 31 This situation is well reflected in 90% of 

malaria-related mortalities occurring in Africa, where for every 2 minutes one child 

succumbs to death due to the malaria infection and 61% (about 266,000 incidences) 

accounted for of all malaria deaths worldwide in the year 2017.29 Pregnant women 

population is another high-risk group to get affected by malaria infections where the mild 

complications of  he disease can develop into severe malaria or severe anemia in the 

mother resuling in the consequences of premature delivery, reduced birth weight, 

stillbirth of the child, or spontaneous abortion.  
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 Fig.1 Malaria transmission and its distribution worldwide: World map illustrating 

the distribution of malaria transmission in various countries in 2013 (Adapted from 

world malaria report 2019).  

  

 

 

 

 

 

 

 

 

 

 

 

 Currently, Malaria occurs in about 100 countries targeting more than 2 billion 

population in tropical countries, majority of them from Africa, South-east Asia, the 

Indian peninsula, and South America.32 Thus, this disease in tropical and subtropical 

areas risks approximately 40% of the world population.33 And it can share its hold of 

2.6% of the world‘s overall infectious diseases burden. Thus its chances of advancing as 

number one of the utmost killer infectious diseases may seem real unless proper control 

strategies are not undertaken.32 About 300- 500 million people are documented to have 

malaria infection every year around the world.34   

 

During 2005 WHO announced Malaria as a re-emerging infectious disease and 

designated it as infectious killer and number one priority tropical disease.35  Climates in 

Tropical and sub-tropical regions offer the ideal breeding conditions for the vector 

anopheles mosquitoes. Besides, the poor standard of living of humans also a leading 

cause of this disease distribution in tropical regions. Notably, Malaria is commonly 

associated with poverty in tropics and obstacles, further social and economic 

developments. It was estimated in 2010 that Malaria in terms of cost it burdens a sum of 

greater than US$ 6 billion for the year 2010. 36, 37 In the African continent, the most 

lethal form of malaria infection is seen, especially among children under five years of 

age. 38 In total global malaria incidences, sub-Saharan African region records almost 

90% of the malarial cases. Among the rest of 10% cases, twothird is observed in non-
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African countries such as India, Colombia, Sri Lanka, Brazil, Vietnam and Solomon 

Islands (Fig.1).39  

 

A decade ago, in the mid-2000s, WHO projected a 16% increment in annual 

global malaria cases and about 1.5-3 million annual deaths that were solely attributed to 

the cause of Malaria (85% of these occurred in Africa).This proportion accounts for 

about 4-5% of total mortalities in the world. A study evaluated that more than 30000 

travellers from America and European countries contracted malaria during their visit to 

malaria-endemic countries and among them, 1% succumbed to the disease.40 The recent 

WHO World Malaria Report2019 records a global burden of around 225 million new 

clinical malaria incidences linked with    7, 81,000 deaths.29 Two essential elements 

which can ease the burden of Malaria are early diagnosis and prompt treatment. In this 

direction, fifty years ago, in the early 1960s, WHO carried out its well-planned global 

antimalarial campaigns and fruitful results were seen, nearly a situation of malaria 

eradication was created in most parts of the world. This remarkable progress, however, 

has been thwarted in the recent past years because of the emergence of the worldwide 

spread of resistance against available antimalarial drugs. The resurgence of Malaria after 

the 1970s could also be linked to several other factors. They are increased global 

movements of human population to and from malaria-endemic countries, vector species 

developing resistance mechanisms towards many effective insecticides, changing 

patterns in the climate that contribute for enhanced breeding and longevity of mosquito, 

and lastly, disintegrative health services and lack of proper health policies that fail proper 

execution of antimalarial campaigns, especially in developing countries.  

 

3.4.1 Epidemiology of P. vivax in India and across the world  
 

Historically, the malaria burden in India has been predominantly caused by P. 

vivax, although the distribution of  P. vivax and P. falciparum vary across India. More 

than 56% of all malaria cases in the country are accounted for vivax malaria infections. 

Globally, P. vivax parasite Q1xedcauses 3.4% of total estimated cases and 56% of them 

are from the South-East Asia Region. In 2018, just five countries such as India, Pakistan, 

Ethiopia, Afghanistan and Indonesia contributed 82% of vivax malaria cases and cases 

from India accounted for 4%29(1). Remarkably, around 30% of Indian P. vivax cases 

occur in children with 1–14 years making P. vivax as important pathogen in India.41  
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Malaria incidences in Indian urban settings are predominantly caused by P. vivax 

parasite type. Urban areas are susceptible to malaria epidemics and these are related with 

extreme levels in mortality. Rapid construction works, increased migration from 

suburban areas, and the growing slum dwellings provide favorable situations for the 

propagation of Malaria parasites. The World Malaria Report (WMR) 2020 released by 

WHO, which gives the estimated cases for malaria across the world, based on 

mathematical projections, indicates that India has made considerable progress in 

reducing its malaria burden. India is the only high endemic country which has reported a 

decline of 17.6% in 2019 as compared to 2018. The Annual Parasitic Incidence (API) 

reduced by 27.6% in 2018 compared to 2017 and by 18.4% in 2019 as compared to 

2018. India has sustained API less than one since year 2012. 

 

India has also contributed to the largest drop in cases region-wide, from 

approximately 20 million to about 6 million. The percentage drop in the malaria cases 

was 71.8% and deaths was 73.9% between 2000 to 2019. 

 

India achieved a reduction of 83.34% in malaria morbidity and 92% in malaria 

mortality between the year 2000 (20,31,790 cases, 932 deaths) and 2019 (3,38,494 cases, 

77 deaths), thereby achieving Goal 6 of the Millennium Development Goals (50-75% 

decrease in case incidence between 2000 and 2019). 

 

Fig.2 Epidemiological trends of Malaria in India (2000-2019) Pv; Plasmodium vivax 

& pf; Plasmodium falciparum. 
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Decrease in incidence of Malaria cases is also exhibited in the year-on-year tally. 

The cases and fatalities have declined significantly by 21.27% and 20% in the year 2019 

(3,38,494 cases, 77 deaths) as compared to 2018 (4,29,928 cases, 96 deaths). The total 

number of malaria cases reported in 2020, till October, (1,57,284) has further decreased 

by 45.02 percent as compared to corresponding period of 2019 (2,86,091). 

 

Malaria Elimination efforts were initiated in the country in 2015 and were 

intensified after the launch of National Framework for Malaria Elimination (NFME) in 

2016 by the Ministry of Health and Family Welfare. National Strategic Plan for Malaria 

Elimination (2017-22) was launched by the Health Ministry in July, 2017 which laid 

down strategies for the next five years. 

 

Fig.3 Epidemiological situation of Malaria in India (2015 – 2019) 

 

 

 

 

 

 

 

 

 

 

 

The first two years saw a 27.7% decline in cases and 49.5% reduction in fatalities; 

11,69,261 cases and 385 deaths in 2015to 8,44,558 cases and 194 deaths in 2017. 

 

States of Odisha, Chhattisgarh, Jharkhand, Meghalaya and Madhya Pradesh 

disproportionately accounted for nearly 45.47 percent (1,53,909 cases out of India’s 

3,38,494 cases) of malaria cases and 70.54 percent (1,10,708 cases out of India’s 1,56,940 

cases) of falciparum Malaria cases in 2019.  63.64% (49 out of 77) of malaria deaths were 

also reported from these states. 
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Due to the efforts made by the Government of India in provision of microscopes, 

rapid diagnostics Long Lasting Insecticidal Nets (LLINs) – about 5 crores have been 

distributed in 7 North-East States, Chhattisgarh, Jharkhand, Madhya Pradesh and Odisha 

up to 2018-19 and another 2.25 crore LLINs are being supplied/distributed during current 

financial year to high burden areas leading to reduction in endemicity in these otherwise 

very high endemic states. Additional procurement of 2.52 crore LLINs is initiated.Use of 

LLINs has been accepted by the community at large and has been one of the main 

contributors to the drastic malaria decline in the country. 

  

Fig.4 Decline of API in HBHI (High Burden High Impact) Regions of India (2016-

2019) 
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WHO has initiated the High Burden to High Impact (HBHI) initiative in 11 high 

malaria burden countries, including India. Implementation of “High Burden to High 

Impact (HBHI)” initiative has been started in four states i.e. West Bengal and Jharkhand, 

Chhattisgarh and Madhya Pradesh in July, 2019.  A key strategy to reignite progress is 

the “High burden to high impact” (HBHI) response, catalyzed in 2018 by WHO and the 

RBM Partnership to End Malaria continued to make impressive gains in India, with 18% 

reductions in cases and 20% reductions in death respectively, over the last 2 years. 

 

Malaria has been made notifiable in 31 states/UTs (Andhra Pradesh, Arunachal 

Pradesh, Assam, Chhattisgarh, Goa, Gujarat, Haryana, Himachal Pradesh, Jammu & 

Kashmir, Jharkhand, Karnataka, Kerala, Madhya Pradesh, Manipur, Mizoram, Nagaland, 

Odisha, Punjab, Rajasthan, , Sikkim, Tamil Nadu, Telangana, Tripura Uttar Pradesh, 

Uttarakhand, West Bengal, Pudducherry Chandigarh, Daman & Diu, D&N Haveli and 

Lakshadweep) and decline has been observed in the hitherto high endemic states.  

Percentage of decline in the year 2019 as compared to 2018 is as follows: Odisha – 

40.35%, Meghalaya- 59.10%, Jharkhand – 34.96%, Madhya Pradesh –36.50% and 

Chhattisgarh –23.20%. 

 

The figures and trends between last two decades clearly show the drastic decline 

in malaria. The malaria elimination target of 2030 looks achievable building on the 

Union Government’s strategic interventions in this regard. 
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Fig.5 GIS maps – Shrinking malaria endemicity (District level) 
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3.5 The Evolutionary History of P. vivax  

 

There are many reports that have interrogated the debate of the African or Asian 

evolutionary origins of P. vivax.  Evidences gathered from the sequencing of parasite 

mitochondrial DNA in the samples from wild-living African primates such as 

Chimpanzees, bonobos, and gorillas infer that these apes are endemically infected with 

close relatives of human P. vivax species. However, the parasite type and malaria 

incidences are rare in humans in Africa. 43 Another supporting explanation of African 

origin of parasite was based on the presence or absence of the FY BES allele (ES refers 

to erythrocyte silent or Duffy negative) that provides resistance to vivax malaria in 

human hosts.44 Alternatively, a study proposed the Asian origin theory based on the 

diversity of primate malarias in Southeast Asia and their phenotypic similarity to human 

malaria parasite species including P. vivax.45-47 A study showed that the diversity 

patterns of P. vivax in the America are comparable to that in Asia and Oceania.48 Several 

other studies have explained the transmission and circulation of P. vivax in the countries 

on the 5 continents through human.49,50,51  

 

3.6 The P. vivax Genome  

 

Like other Plasmodium species, P.vivax also has three genomes such as an 

apicoplast genome, a nuclear genome and a mitochondrial genome. Nuclear genome 

(~27 megabases) of P. vivax is composed of 12–14 linear chromosomes whose size range 

individually from 1.23.5 M.52 The Size differences between homologous chromosomes 

were reported earlier by Langsley, G et al., in the field isolates of P. vivax.53 The 

chromosomes contain ~ 5400 genes and overall average of ~42% GC composition. 

Internal regions of chromosome comprise the distinct isochore structure.54  Which 

possesses high GC content but subtelomeric regions are high AT content. Despite P. 

vivax is a major human pathogenomics aspects such as genomics, transcriptomics and 

proteomics are little studied. The main reason for this lagging is obtaining sufficient 

material for experimental investigations as the parasite cannot be cultured continuously 

in vitro except their adaptive culture in non-human primates. However, there is a 

significant progress and more than five completely assembled and annotated reference 

genomes are currently available for P. vivax (Table-1). These genomes information are 

generated from the P. vivax isolates that were adapted to grow in monkeys as hosts and 

they were obtained from vivax patients in North Korea, El Salvador, Brazil, India, and 

Mauritania. To decipher these P. vivax genomes, a whole genome shotgun (WGS) 
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approach has been successfully applied.55 The P. vivax reference genome sequencing 

project was led by Carlton lab and published in 2008.13 The P. vivax patient isolate was 

termed as Salvador I which was obtained from a patient in El Salvador. Four more whole 

genome sequences of P. vivax strains obtained from various different geographical 

regions such as Brazil, India, Mauritania, and North Korea were published in the 

subsequent years.56 All these genomes are available in the malaria repository MR4 

(http://www.mr4.org). Comparative genomic analysis of Salvador I genome and four 

other P. vivax genomes with available P. falciparum genomes revealed that P. vivax 

strains exhibit greater genetic diversity than P. falciparum by means of SNP changes, 

gene family variability and microsatellite regions.56   

 

Table.1 Whole Genome Sequences of P. vivax, with their Country of Isolation, 

Source and Data Type Indicated (Table adapted from Carlton et al., 2013)  

 

P.vivax strain Country Source Data References 

Salvador El Salvador 
Monkey-adapted 

Lab strain 

Reference 

assembly and 

annotation 

Carlton et al. 

(2008) 

India VII, 

North Korean, 

Mauritania I, 

Brazil I, 

India 
Monkey-adapted 

lab strain 

Reference 

assembly and 

annotation 

Neafsey et al.      

(2012) 

IQ07 Peru Patient isolate Unassembled 
Dharia et al. 

(2010) 

SA-94,SA-95,SA-

96,SA-97,SA-98 
Peru Patient isolate Unassembled 

Bright et al. 

(2012) 

Belem, 

M08,M09,C08,C15,

C127 

Brazil, 

Madagascar, 

Cambodia 

Monkey- adapted 

lab strain, and 

five patient 

isolates 

Unassembled 
Chan et al. 

(2012) 

26 isolates 
Thailand & six 

travellers 
Patient isolates Unassembled 

S.Aubum et al. 

unpublished 
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3.7 Malaria Parasites and Malaria Parasite Vectors  

 

Malaria parasites are single-cell protozoan parasites belonged to the phylum 

Apicomplexa and the genus Plasmodium, and they have a complex life cycle. Among 

Plasmodium genus, there are about 120 species known to infect a wide range of hosts 

such as mammals, birds, and reptiles. Five major Plasmodium species which cause 

human malaria infections are P.falciparum, P. vivax, Plasmodium malariae, Plasmodium 

ovale, and Plasmodium knowlesi. Of these five species, P. falciparum and P. vivax are 

the most predominant and are responsible for most of the malaria incidences with 

significant rates of mortality and morbidity. Each of the above five human malaria 

parasite species considerably differs in their geographical distribution, microscopic 

appearance, clinical presentation, and response to antimalarial therapeutics. P. knowlesi 

is a zoonotic species infecting their natural host macaque monkeys, but now it has been 

well documented that they can cause malaria infection in humans also.57-58  P. falciparum 

is the vastly prevalent and most virulent malaria parasite distributed widely in the 

African continent and is accountable for the global malaria-related mortalities.15 Outside 

sub-Saharan Africa, in the countries such as Indian subcontinent region and Brazil, etc., 

P. vivax is the most dominant malaria parasite causing significant morbidities and 

accidental deaths. Mosquitoes have a great impact on human health as they serve as 

vectors of malaria and filariasis parasites which cause infectious diseases. There are 

about 3,500 mosquito species, and Anopheles is the best known and well-studied genus 

of mosquitoes that transmit malaria. There are more than 400 different Anopheles 

species have been recognised and among these, approximately 40 species are serve as 

vectors that can transmit malaria well enough to cause significant human illness and 

death.31 Infected female mosquitoes of the genus Anopheles transmit malaria parasites 

during their blood meal. Female mosquitoes need human blood for their egg production, 

and these insect bites for blood meals serve as an important checkpoint in the parasite 

life cycle where infection happens between the two hosts such as the human and the 

mosquito. Several environmental factors such as ambient temperature, rainfall and 

humidity influence the mosquito breeding and also successful development of the 

malaria parasites (from the gametocyte stage to the sporozoite stage) inside mosquito 

body. Thus, the transmission rate of malaria and epidemics occur frequently in tropical 

and subtropical regions.59 In addition to these above mentioned factors, there are a few 

characteristics required by mosquitoes to be effective at transmitting malaria between 

people. They include, firstly the higher number of the mosquito species needs to be 
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existed to ensure individuals to increase the chances of meeting an infectious human to 

pick up the blood circulating malaria parasite. Longevity once after the infected blood 

meal, carrier mosquitoes should survive long enough so that parasite gets enough time to 

propagate itself in the region of mosquito‘s salivary glands. And lastly, contact with 

humans  infected mosquitoes should find another healthy human, so that transfer of 

parasite occurs. The most common vectors in sub-Saharan Africa are the Anopheles 

gambiae complex 60-61, and in Southeast Asia, the Anopheles minimus complex are the 

vectors. 61  

 

3.8 Life cycle of P. vivax  

 

Like all the other malaria parasites, P. vivax also has a complex digenetic life 

cycle in which the process that requires two hosts for its completion. Two hosts in the 

life cycle are a) Primary host or definitive host where sexual reproduction of the parasite 

occurs and female Anopheles mosquito (also called as a vector) serves as the primary 

host. b) Secondary host or intermediate vertebrate host where asexual propagation of the 

parasite happens, humans are the intermediate hosts. In other words, based on the hosts 

and mode of parasite development, the life cycle of P. vivax is divided into two parts 1) 

Asexual life cycle or Schizogony in man 2) Sexual life cycle or Sporogony in female 

Anopheles mosquito. During the process of life cycle, P. vivax parasite appears in many 

different physical forms. Although all four human malaria species exhibit similar life 

cycles, there are minor variations seen in P. vivax. Figure-5 demonstrates the basic 

features of the plasmodium life cycle, and it also includes the features that are related to 

P. vivax.  Asexual cycle in human host- This process is also called as Schizogony, where 

malaria parasite multiplies by asexual reproduction at the sites of liver cells (liver 

schizogony) and Red blood cells (erythrocytic Schizogony). Asexual cycle or 

Schizogony in human is completed in the following phases: a) pre-erythrocytic 

schizogony and Exo-erythrocytic cycle b) Erythrocytic cycle c) Post-erythrocytic cycle 

d) Formation of gametocytes Development of dormant (liver stage) hypnozoite forms of 

parasite in the human liver is the most recognizable feature that differentiates P. vivax 

parasite from its close relative member P. falciparum. The dormant hypnozoites in the 

liver can cause subsequent secondary infections (called malaria relapses) in the blood. In 

the cases of P. vivax, the appearance of gametocytes in the peripheral blood is round, 

unlike P. falciparum that produces bananashaped gametocytes. Merozoite forms of P. 

vivax require reticulocytes as host cells and they usually lack the electron-dense 
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protrusions which are known as knobs in case of P. falciparum but they contain abundant 

caveolae–vesicle complexes alongside the surface of infected erythrocytes.62  

 

Fig.6 Different morphological forms of malarial parasite 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.7 Life cycle of the human malaria parasite P. vivax (Source: Mueller I et al 

2009)  
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3.8.1 Pre-erythrocytic and exo-erythrocytic schizogony- Infected female anopheles 

mosquitoes, during their blood meal inoculate the sporozoites into the skin and from 

there they reach the bloodstream where they remain active for a while and then enter into 

hepatocytes within minutes to start the exoerythrocytic stage. This process of sporozoites 

entering into the liver cells is a primary strategy to escape from the phagocytic action of 

blood leucocytes. Within the liver cells, P. vivax sporozoites can grow into spherical 

shaped schizonts and after the nucleus of schizont undergo thousands of multiple fissions 

in individual hepatocytes (mitotic replications or asexual multiplication) to form and 

release numerous merozoites into the blood circulation. During the mitotic replications 

of schizont, the releasing of thousands of merozoites can cause pressure on the liver cell 

membrane and cryptozoites or cryptomerozoites comes out into the bloodstream through 

rupturing the liver cell. This process of development of numerous cryptozoites from a 

single sporozoite in the liver cell is called pre-erythrocytic Schizogony. However, 

alternatively, P. vivax sporozoites can also be differentiated into dormant forms called 

hypnozoites. These hypnozoites stay in the liver, and upon their activation, after months 

or years of hibernation, they can cause clinical malaria called relapses.63 The specific 

stimulating factors for the activation of dormant hypnozoites is not clear, but stress could 

play its role. The occurrence of the distinct relapse patterns during the season where 

mosquito population becomes abundant proposes a Darwinian genetic process at work to 

guarantee the parasite transmission and the dissemination.   

 

3.8.2 Erythrocytic cycle or Erythrocytic schizogony- This erythrocytic cycle or 

erythrocytic schizogony starts when the cryptomerozoites (metacryptozoite) enter into 

erythrocytes. In RBCs, merozoites developed from metacryptozoites which is called 

erythrocytic Schizogony. Cryptomerozoites of P. vivax predominantly invade immature 

red blood cells, also called as the reticulocytes during the erythrocytic stages.63 

Reticulocytes serving as the host are the noteworthy feature attributed to the P. vivax 

infection mechanism. Many merozoites make entry into the fresh RBCs and repeat the 

process of erythrocytic cycle. Infected Reticulocytes after the merozoite invasion become 

greatly enlarged and subjected to increased deformability, and this process completes in 

about two days.64 The basis of this apparent need of reticulocytes for the merozoites 

infection is not understood.65 The reason could be the particular microenvironment 

offered by the reticulocyte to help the parasite‘s growth. A metacryptozoite enters into 

single reticulocyte, and it further differentiates into several forms such as trophozoite, 

signet ring, amoeboid and schizont. After the invasion of RBCs, metacryptozoite 
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develops as round shaped parasitic form with a large nucleus and develops in size as a 

result of haemoglobin ingestion. This parasitic form is called trophozoite stage in which 

a sizeable non-contractile food vacuole pushes the nucleus to edge, forming a ring-like 

structure known as signet ring stage. Trophozoite gradually gets enlarged, and vacuole 

starts to vanish, and pseudopodia processes start to appear in the cytoplasm, and this 

stage is termed as an amoeboid stage. The amoeboid form of parasite feeds entirely on 

the haemoglobin, and the haemoglobin will be broken down into globin and hematin. 

The globin will be digested, but the hematin will be remained as a toxic malarial pigment 

called hemozoin. The amoeboid forms grow into erythrocytic schizont and later on due 

to asexual multiplication schizont forms many merozoites inside the RBC. Finally, by 

rupturing the erythrocytic membrane, erythrocytic merozoites get liberated out further 

into the circulation. Due to deposition of hemozoin at the centre portion, the merozoites 

are settled towards the periphery in the fashion of rose flower petals and hence the name, 

rosette stage. Besides, P. vivax parasite releases specific proteins to form cleft structures 

and caveola–vesicle complexes in the cell membrane of infected Erythrocytes. In the 

Giemsa stained blood smears, these numerous yellowish eosinophilic granules or 

caveola–vesicle complexes look like profuse spotting identified as Schüfnner’s granules 

or dots.66   Schüfnner’s dots and clefts are also visualized in electron micrographs. 66 The 

exact functional roles played by these sub organelle structures are not clear and their 

utility to consider as intervention targets is yet to be explored. For unravelling the 

structural and biological aspects of these components, applications of microscopy 

approaches and recent advances in the proteomics field can be utilized.  Like the other 

human malaria Plasmodium species, all erythrocytic-stage forms of P. vivax are seen in 

the peripheral circulation. The enhanced deformability of all these blood stage forms 

helps in their safe passage to the spleen organ. To avoid this passage through the spleen, 

adhesive knobs are needed by the parasite for their sequestration in the deep vascular 

beds. However, there is a lack of concealment and cytoadherence in P. vivax. Thus, it has 

to be critically reconsidered and re-assessed as there have been few earlier hypotheses 

suggested cytoadherence to the spleen 67 and to the lungs 68. In contrast, in P. falciparum 

infections have a constant absence of mature blood-stage asexual forms because they 

cytoadhere to different receptors on various tissues and organs and become 

sequestered.69 RBCs infested with mature stages of P. falciparum are rigid and are 

reluctant to go through the spleen.  
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3.8.3 Post-erythrocytic cycle- Occasionally, some of the circulating merozoites that 

were formed during the erythrocytic cycle attack the liver cells again and can go through 

another schizogony process called a post-erythrocytic cycle.  

 

3.8.4 Formation of gametocytes- After the completion of a few generations of 

erythrocytic cycles, some of the merozoites invading fresh RBCs grow in size, but 

instead of developing as schizonts, they differentiate into mature gametocytes. This 

process happens before the commencement of the development of clinical infection and 

sickness, and the process offers an advantage to the insect vector for continuous 

transmission of the parasite afore to the observation of clinical symptoms and following 

therapy.70 Similar to most of the Plasmodium species except the P. falciparum, the 

gametocytes shape produced by P. vivax in the infected red blood cells is circular 

whereas, characteristic elongated gametocytes are produced by P. falciparum and 

another Plasmodium reichenowi, a chimpanzee parasite71. These P. vivax gametocytes 

are developed before the infection and beginning of clinical symptoms, and therefore 

infected individuals remain asymptomatic. This is another characteristic feature that 

distinguishes vivax malaria from malaria caused by falciparum species. This pattern of 

gametocyte production has crucial clinical importance, and in addition, it also reveals it 

may assist as a reservoir to further spread the parasite infection to vector mosquitoes. 70 

Two types of gametocytes are formed. They are; a) Macrogametocytes (also called as 

female gametocytes) are large-sized (10-12µm), abundant in number and the cytoplasm 

which is dark in colour possessing reserved food materials and a small compact 

peripherally situated nucleus b) Microgametocytes (also termed as male gametocytes) 

are motile, smaller in size (9-10 µm) but few in number, their cytoplasm is light in colour 

and clear because of the lack of reserved food and stains and cytoplasm has large 

centrally placed nuclei. Circulating gametocytes are up taken by Anopheles mosquitoes 

during their blood meal to begin the sexual cycle inside their body. The sexual cycle 

includes many steps such as the release and fertilization of gametes, and finally, the 

development of a motile ookinete that further reaches the mosquito midgut epithelium 

cells. The complex life cycle of P. vivax ends with formation of oocysts, then the 

discharge of sporozoites, and further invasion of the mosquito salivary glands. In this 

way, this malaria parasite undergoes several stages of cellular differentiation during its 

development (Figure-6). It enters into many cell types of both human and mosquito (at 

least four types of cells).  
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Fig.8 Digenetic life cycle of malaria parasite undergoing several stages of cellular 

differentiation during its development. (Picture source: Centre for disease control 

and prevention)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.8.5 Pre-patent and Incubation Periods  

 

Long incubation periods are reported for P. vivax malaria in the regions with 

temperate climates.71,72 The average incubation period to cause infections by P. vivax is 

12-17 days and the same is 9-14 days for P. falciparum. A P. vivax strain named 

Rumanian strain has been reported to have the mean incubation period of 282 days. 73 

Another study has reported that Russian strains infected patients had prolonged 

incubation periods 254-360 days.74 During a primary P. vivax infection of a naïve 

individuals, before parasites are detectable in the peripheral blood, even a very low 

parasitaemia can cause the first fever for two 75 to three days.76 The parasite density 

required to evoke a fever is known as the pyrogenic threshold. Since the particular 

weather season influences on the pyrogenic threshold, different cut-off levels of parasite 

densities should be considered for malaria cases that occur during two different 

seasons.77 In general, compared to P. falciparum, lower pyrogenic threshold is shown by 

P. vivax to cause fever in adults and children. Lower median parasitaemia in 

uncomplicated vivax malaria is seen compared to uncomplicated falciparum malaria. 78,79  
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3.9 Cytokines in P. vivax malaria  

 

Based on various studies it is very much well-known that Pro-inflammatory 

cytokines plays a crucial role in the clearance malarial parasite. Nevertheless, a timely 

and well-adjusted release of pro- inflammatory (Th1 type) and anti-inflammatory (Th2 

type) cytokines is crucial for favourable disease outcome.80  Various studies are stating 

that an imbalance in inflammatory response significantly during the high burden of 

parasites can provoke malarial symptoms and leads to severe pathophysiological 

complications such as ARDS, severe anemia, cerebral malaria and acute renal failure 

(ARF).81 The pro-inflammatory cytokines such as TNF-𝛼, IFN-𝛾, and IL-12 help in the 

inhibition of parasitic growth and trigger monocytic phagocytosis to aid the process of 

clearance of infected RBCs.82  Meanwhile the role of anti-inflammatory cytokines 

including IL-4,IL-13,and IL-10 is  timely regulation of cell injury effect of  

proinflammatory cytokines, and also play a crucial part in avoiding  the disease 

progression from mild malaria complications to severe malaria.83 

 

In severe malaria, like other severe clinical manifestations, there will be an 

imbalance between the concentrations of pro-inflammatory cytokines (like IL-1, IFN-γ, 

TNF-α, IL-6,  and IL-8) and anti-inflammatory cytokines (like TGF-β and IL-10) as the 

disease progresses.84 It has been shown that during malaria infection, glycosyl 

phosphatidyl inositol (GPI), malaria pigment hemozoin and other parasitic factors help in 

inducing the production of TNF-α.85,86 Cytokines such as IL-10 and TGF-β, have been 

associated with protection against severe clinical complications.  Thus, a timely and 

balanced pro and antiinflammatory cytokines is necessary towards disease progression 

and clearance of malaria parasites. During P. vivax malaria infection, schizonts rupture 

leads to the release of cytokines and for instance higher levels of TNF- α have been 

observed with the synchronous paroxysms and these cytokines may involve in the 

pathophysiology of malarial fever. In addition to these many other cytokines including 

IL-4, IL-8, IL-1β, IL-12 and IL-10 have been detected.87 The characterization of immune 

responses induced throughout the course of vivax malaria disease and their possible 

associations with the clinical outcomes can shed light on the crucial aspects in the 

thorough understanding of malaria pathogenesis and may reveal valuable insights for the 

design of potent vaccines and novel therapeutic strategies.60  
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3.10 Pathophysiology of disease in Vivax Malaria  

 

3.10.1 Comparative Pathobiology of P. vivax  

 

Many important differences are known in the pathophysiology between P. vivax and P. 

falciparum. These are essential in understanding the pathobiology of vivax malaria  

 

3.10.1.1 Selective specificity (biomass of parasite)  

 

Parasite biomass is a Primary determinant of the risk of death as RBC of all ages will be 

invaded by P. falciparum and leads to high parasite burdens if unrestrained by host 

immunity or treatment. 88, 89 In contrast, P. vivax has a distinct tropism towards 

Reticulocytes, i.e. Few RBCs which have emerged within the 14 days from the bone 

marrow.78, 91 mainly initial infection course.76 This specific tropism leads to the reduced 

parasite biomass in case of P. vivax infections. Distinctly to the P. falciparum infections, 

parasitaemias in P. vivax malaria seldom exceed 2% of circulating RBCs.78,79,88  

 

3.10.1.2 Relapse Burden  

 

A basic difference between P. falciparum and P. vivax is the capability of P. vivax to 

relapse from the dormant hypnozoites and cause repeated episodes of clinical or 

subclinical infections. Differences in relapse patterns may be a significant contributor to 

the geographically varied morbidity and disease severity of vivax malaria. In tropical 

regions, 81  The relapses in P. vivax cannot be accurately distinguished from reinfection 

or recrudescence and the Indian scenario of P. vivax recurrence rates are given in Table-2 

90,91,92 In India, transmission of P. vivax occurs all over the year but maximum during the 

monsoon seasons, analogous to the P. falciparum situation. Because of its smaller 

incubation interval P. vivax (21 days) appears earlier than the P. falciparum (35 days).  
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 Table.2 Relapse rates among patients with P. vivax malaria in India (Table Source- 

NVBDCP webportal)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In the Gujarat state, during the dry season about 28% of cases of malaria 

appeared, most probably caused by relapses of P. vivax. In Kheda district of Gujarat, two 

studies have been conducted, which indicated higher vivax recurrence rates occurred in 

the population with 5– 10 years age (Table-2). Varied patterns of relapses are observed 

both across and inside the states. A distinct pattern of relapses can coexist in some 

strains, confounding the transmission control actions. For instance, P. vivax parasites in 

Delhi are polymorphic and distinguished as three groups. Group I (tropical type) is the 

most common and relapses between 1 to 3 months; Group II relapses 3 to 5 months; and 

Group III which is temperate type relapse  6 to 7 months. In contrast to Delhi malaria 

population, tropical type parasites predominantly cause relapse pattern in Mumbai 

region.  

 

3.10.1.3 Greater inflammatory response in P. vivax than P. falciparum  

 

Compared to P. falciparum, P. vivax infections are marked with a lower 

pyrogenic threshold .78,79  During and after the P. vivax infections, Cytokine load 93,94,95  

endothelial activation 95 and pulmonary specific inflammatory immune responses 68 are 

higher than in the cases of P. falciparum with comparable parasite biomass. The primary 

reason for this occurrence might be due to the high GC content in P. vivax genome, 

which is approximately double the number of P.falciparum. Furthermore, it leads to 
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increased contents of CpG motifs, which are identified by toll-like receptor nine, leading 

to cell activation and inflammatory responses. 13,96,97,98 Variation in pro-inflammatory 

and anti-inflammatory cytokine release leads to multiple clinical conditions and 

relatively higher concentrations of both the types of cytokines are observed in falciparum 

malaria 94 Pro-inflammatory cytokines like TNF-α and IFN-γ's plasma concentrations are 

directly related to disease severity. In contrast, plasma concentrations of IL-10 are 

inversely related to disease severity.99 Also, the plasma concentration of superoxide 

dismutase, an enzyme induced during oxidative stress, is associated with P. vivax disease 

severity. 100  

 

3.10.1.4 Cytoadherence and resetting  

 

The principle mechanism in the severe falciparum malaria pathophysiology is the 

cytoadherence of late stages to induce the microvascular endothelium causing 

sequestration and microvascular obstruction.101-104 As all developmental stages of P. 

vivax are visible in peripheral blood, although with partial depletion of mature 

stages.88,105 Sequestration may not occur in vivax malaria and vital organ dysfunction are 

not seen compared to P. falciparum.68 According to the recent in vitro studies, vivax 

infected erythrocytes perform endothelial cytoadherence by inducing the production of 

chondroitin sulphate-A (CSA) and ICAM-1 and with the same approach but double the 

frequency than P. falciparum-infected RBCs. 106  

 

3.10.1.5 Deformability and fragility of parasitized erythrocytes  

 

The deformability property of the P. vivax infected erythrocytes is comparatively 

increased in contrast to the impairment of both P. falciparum infected as well as the non-

infected RBCs. 64,107 With this property, the deformed P. vivax infected cells readily pass 

through the spleen. 108 The basis behind this rheological mechanism is unclear.109 While 

considering the contribution of impaired organ perfusion due to the reduced 

deformability of falciparum malaria is questionable in vivax malaria due to its increased 

deformability. Also, this property is associated with increased fragility of both infected 

and non-infected erythrocytes.  
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3.10.1.6 Endothelial activation and altered thrombostasis  

 

The key features behind the impairment of microvascular perfusion of acute 

falciparum malaria are endothelial dysfunction and activation. Of which, the role of 

endothelial dysfunction is not yet described in vivax malaria, whereas, reports on 

endothelial stimulation during autopsy have been stated.110, 111 Also, the circulating levels 

of the activation markers of endothelial cells are as high as they are in both vivax and 

falciparum malaria. 112 An association with increased levels of thrombomodulin.113 Von 

Willebrand factor (VWF), 114 procoagulant activity,94 thrombotic microangiopathy 115 

and ADAMS-13 deficiency 114 has been observed in P. vivax infection. Due to the 

alterations caused in the aforementioned hemostatic pathways leads to intravascular 

coagulation and endothelial inflammation due to the increased formation of platelet 

aggregates and ultra-large VWF.     

 

3.10.2 Specific syndromes of Severe Vivax Malaria  

 

3.10.2.1 Severe Vivax Anemia  

 

Young children are at higher risk of encountering severe anaemia due to P. vivax 

in endemic regions.116,117 Severe anaemia due to P. vivax is not solely due to the damage 

of the infected erythrocytes only, which can be inferred by the low parasite biomass. 

Studies reveal that with a therapeutic regimen for vivax malaria, around 32 non-infected 

RBCs are eliminated from circulation per infected RBC,118 which is in contradictory to 

only a loss of 8 RBCs for a falciparum-infected RBC.119,120  

 

3.10.2.2 Acute lung injury (ALI) 

 

It is also found that the majority of vivax malaria patients found to present with 

cough as P. vivax frequently affects lung.68,121 In a study using molecular diagnosis co-

infection with P. falciparum was ruled out in most of the 22 adults with vivax malaria 

presenting with acute respiratory distress syndrome (ARDS). 122 The basis for ARDS in 

P. vivax malaria could be probably due to the consequences of cytokine triggered 

changes in alveolar permeability and impaired alveolar fluid clearance, which is 

observed in other diseases causing acute lung injury. 122,123  
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Respiratory illness with respect to falciparum as well as vivax malaria is seen 

commonly in young children, though acute lung injury is rare among them. 116,117,124 

Sources like metabolic acidosis, 124,125 concurrent pneumonia, 126 sepsis and severe 

anaemia accounts for major factors of respiratory disturbance in children affected with 

falciparum malaria. But, prospective clinical studies on the relevant contributions of 

these causes with vivax-associated malaria need to be carried out. On the contrary, in 

adults, it is observed that vivax-associated respiratory distress is majorly due to acute 

lung injury.    

 

3.10.2.3 Acute Kidney injury and coma (AKI) 
 

Corresponding to vivax malaria, the underlying mechanisms behind AKI are still 

obscure. P. vivax most commonly is associated with shock and multi-organ dysfunction 

similar to sepsis-like syndrome due to relevant bacterial sepsis substantially leads to 

AKI. Eventually, with different data on thrombotic microangiopathy association in vivax 

associated AKI, 127 there is a need for prospective studies to analyze the extent of this in 

vivax with AKI   

 

The association of coma with P. vivax is uncommon. Also the underlying reasons 

are less explored compared the other associated syndromes with P. vivax. Exclusion of 

co-infections with P. falciparum and other bacterial or viral infections or comorbidities 

by PCR was not found even in few of the recent studies from New Guinea.116,117 The 

previously described cytoadherence phenomena might be the central etiology for coma in 

case of falciparum malaria.125,128,129 Whereas its role is still unclear in a vivax-associated 

coma. Other possible factors comprise simultaneous infections, occult mixed 

Plasmodium infections, reversible local microvascular dysfunction, endothelial 

activation and injury, metabolic changes, and microvascular thrombo-inflammatory 

responses.  

 

3.11 Clinical diagnosis  
 

Clinical diagnosis of vivax malaria is challenging as signs and symptoms are 

non-specific and impacted by endemicity and host immunity. Common symptoms 

include malaise, fever, chills, diaphoresis, headache, arthralgia, myalgia, cough, 

abdominal pain, nausea, vomiting, and diarrhoea, which can also occur with many 

common systemic febrile illnesses such as meningitis, pneumonia or gastroenteritis. 

Splenomegaly, anaemia, leukopenia and thrombocytopenia are also common, but non-

specific.59  
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3.12 Laboratory diagnosis of P. vivax malaria  

 

Rapid and accurate diagnosis of malaria plays a critical role in the earlier detection, 

which helps in the immediate treatment of malaria in the affected individual, and also 

helps in preventing the spread of infection further in the community. Unnecessary delay 

of malarial diagnosis and treatment can lead to severe malaria which may further cause 

death in the affected individual. Malarial diagnosis can be difficult in mainly two 

situations like the following:  

 

1. In nonendemic regions, the healthcare providers and clinicians might not be able to 

recognize the disease and might not order the necessary required diagnostic tests. In 

addition, when examining the blood smears, the laboratorians might not have 

familiarity with the disease to detect the malaria parasites under the microscope.130  

2. Due to the high transmission rate in malaria-endemic regions, some population 

groups are infected by the parasites, but they do not acquire the disease. These 

individuals in the groups have developed acquired immunity for the disease as a 

result of malaria infection. In such a scenario, the detection of malaria-causing 

parasites in an infected individual need not necessarily mean that the infection is 

caused by the malaria parasites. 130  

3. The following are some of the diagnostic approaches available for the detection of 

malaria parasites and these are described below in detail.  

 

3.12.1 Microscopic diagnosis  

 

Vivax malaria diagnosis should be done by microscopic investigation of Leishman’s 

stain -(Wright’s, or Field’s stains, which gives the distinctive appearance for the 

parasites) stained thick and thin blood smear samples obtained every 8–12 h over a 24–

48 h period. These techniques depend on the reagent's quality, the microscope quality, 

and the laboratory personnel's experience to prepare and examine the blood smears and 

to identify the parasite. Leishman’s stain technique continues as the gold standard 

method for the laboratory diagnosis of malaria parasites.130 Leishman’s stained thick 

blood films are used for the screening of malaria parasite, whereas the thin blood films 

are used for the speciation of the malarial parasites and quantification of the parasitemia. 

131 This technique involves the spread of a drop of blood as thick/thin smear, staining 

with Leishman’s stain (or other stains), and examining the stained blood smear slides 

under a 100 X oil immersion objective light microscope.  
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With the advancement in microscopic diagnostic techniques, the Quantitative 

Buffy Coat method (fluorescence-based microscopy diagnosis) is used for the detection 

of parasite's nuclei that are stained with acridine orange dye.132 However, in many 

malaria-endemic regions and resource-poor settings, microscopic diagnosis of malaria is 

hindered due to the lack of infrastructure and limited facilities for accurate diagnosis. 133 

This can lead to the wrong malaria treatment to many febrile cases due to the lack of 

parasite diagnosis. Nevertheless, microscopy is the gold standard method for malaria 

diagnosis, in spite of its detection limits, mainly when the parasite density is less than 10 

asexual parasites/μl. 134, 135, 136 However, microscopy has a drawback, as this procedure 

cannot detect the parasite if the infected erythrocytes are attached to the tissue 

capillaries/placenta, and also during submicroscopic infections.  

 

3.12.2 Antigen capture rapid diagnostic testing  

 

The main application of Rapid Diagnostic Test (RDT) is their simple use and 

sustainability in resource poor locations. At very low cost, many commercial sources are 

manufacturing. There are currently more than 200 monoclonal antibody based RDT 

currently available on the worldwide market.31 In general, the kits achieve better 

diagnosis with P. falciparum infection (74 % detection score) compared to P. vivax 

(37%).  

 

A study from WHO in 2009 evaluated several commercially available RDTs for 

their performance, in which   Advantage (pan), CareStart Malaria (pan), OptiMAL, SD 

BIOLINE Pf/Pv are proved to be the best performers with >95% of sensitivity for high 

parasite density infections as well as low parasite density infections. Since then,  a web-

based interactive guide has been developed by WHO to select particular suitable RDTs 

based on selective criteria such as targeted Plasmodium species, minimum panel 

detection score for that species starts from 200 to 2000 parasites/µl, maximum 

acceptable false-positive rate, test format and heat stability. 137  

 

3.12.3 Molecular diagnosis  

 

The nested PCR is most widely validated and applied molecular diagnostic 

technique for small subunit ribosomal RNA gene amplification. 133 These molecular 

diagnostic techniques are either equal or highly sensitive to the microscope diagnosis. 

However, the use of these diagnostic techniques is limited in standard or resource-

constrained healthcare settings for the diagnosis of malaria infection in severely ill 
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patients. 130 Its excellent sensitivity in field use is the detection of approximately 1.0 

parasite/μL (0.02 parasites/μL, if venous blood volume is more than 0.25 mL).  

 

3.12.4 Loop-Mediated Isothermal Amplification (LAMP) 

 

LAMP assay is a more recent technology for the detection of parasite-specific 

DNA which is more widely used for Active Case Detection (ACD) in malaria endemic 

areas. This diagnostic approach need not require costly equipments such as 

thermocyclers or gel electrophoresis apparatus and the assay results are in the form of 

visual colour change. The turnaround time for the completion of assay is less than 1 

hour.   

 

3.12.5 Serology  

 

Studies focusing on epidemiology and protective immunity in malaria affected 

population utilize the diagnostic techniques that screen various serological markers. 

Serology assay helps to detect the antibodies against the malaria parasite's antigen; it 

measures the previous exposure to malarial parasite rather than current infection.130 It 

uses either the enzyme-linked immunosorbent assay (ELISA) or indirect fluorescent 

antibody (IFA) tests. These assays are not recommended for routine diagnosis of malaria 

due to the time consumed for the standardization of assays.131 On the other hand, these 

serology testing methods may be useful in certain situations such as the following:  

• Screening the donor's blood to prevent the transfusion-induced malaria.  

• Testing a patient for the tropical splenomegaly syndrome, a condition caused by 

repeated exposure or chronic malaria infections in endemic regions.  

• Testing a patient when diagnosis is questioned after treatment of malaria 

infection recently  

 

3.13 Treatment of asexual erythrocytic stages of P. vivax.  

 

3.13.1 Treatment of uncomplicated vivax malaria. 

 

WHO recommends either three days of CQ or fourteen days of ACT+PQ (G6PD 

deficient patients) in the regions where P. vivax isolates are known to be  chloroquine 

(CQ) sensitive 29. CQ continues to be a primary choice drug in the world wide treatment 

of malaria because of its low cost, wide availability and prolonged shelf life. 

Nevertheless, there is a need for alternative therapeutic approach to treat both the P. 

falciparum and P. vivax in co-endemic malarious areas.  
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ACTs are the only treatment choices for P. vivax isolates that are showing 

CQR.138 WHOrecommended combinations for ACTs comprise artemether–lumefantrine, 

artesunate– amodiaquine, artesunate–mefloquine, and dihydroartemisinin (DHA)–

piperaquine. Another combination, pyronaridine–artesunate is a fifth ACT that is 

accepted by European Medicines Agency to treat vivax malaria, however, it is yet to be 

recommended by WHO. Artemisinin with above combinations are shown to have 

satisfactory cure rates in P. vivax infection.139  

 

3.13.2 Treatment of severe vivax malaria  

 

The important manifestations are anemia and respiratory distress.116,140,141 In 

addition symptoms such as coma, shock, and renal and hepatic dysfunction that have 

association with P. vivax malaria patients have also been described. 99,142,143. P. vivax 

remains sensitive to artemisinin and its derivatives. The treatment approaches for severe 

vivax malaria are same with that of severe falciparum malaria including administering 

artesunate parentally. If there is an un availability of artemisinin then either artemether or 

quinine along with broad spectrum antibiotic is recommended to provide supportive care. 

29   

In severe vivax malaria, the particular antimalarial treatment recommended includes 

the following in order of preference:  

 

• Artesunate: 2.4 mg/kg body weight which can be administered intravenously or 

intramuscularly given on admission (time = 0), then after 12 and 24 hours, and then 

once a day. This is the treatment of choice.  

• Artemether: 3.2 mg/kg body weight, given only by intramuscularly on admission, 

then after 1.6 mg/kg body weight per day.  

• Quinine: 20 mg quinine salt/kg body weight immediately on admission (intravenous 

infusion over a period of 4 hours in 5% dextrose/dextrose saline) followed by a 

maintenance dose of 10 mg/kg body weight for 8 hours (maximum infusion rate 5 

mg salt/kg/hour).  

• Parenteral antimalarials should be administered for at least 24 hours. Once the patient 

can accept oral therapy, a full course of oral ACT should be given to the patients.  
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3.13.3 Treatment of liver stages of P. vivax:  

 

To treat liver stages of parasite, Primaquine is the sole licensed drug that possess 

proven antihypnozoite effect, but also can exert a serious hemolysis in patients with 

G6PD.144,145 The WHO recommends the use of 0.25 mg/kg/daily PQ daily for 14 days 

for the complete cure of vivax malaria. In the regions such as Southeast Asia and 

Oceania, where a higher risk of relapses happen, a higher dose of 0.5 mg/kg PQ is 

recommended. A prolonged 14-day course of treatment can result in substantial 

problems with adherence.145,146  Inadequate follow-up in the 14-day treatment course is 

likely to have a major impact on the health benefit.   

 

3.14 Genetic diversity of P. vivax parasite  

 

In the genome of any species, the total heritable characteristics can be coined as 

the genetic diversity of that particular species. Plasmodium species is known to possess 

several ways of diversity such as morphological, incubation period, infection duration, 

immune responses, varied symptoms, relapse patterns, drug resistance patterns, and also 

parasite transmission by anopheline vectors. Factors such as vector transmission rates, 

natural selection of the parasite in a particular geographical area and host immune 

pressure determine the extent of parasite genetic diversity.148 Genetic diversity of malaria 

parasite influences the malaria endemicity and transmission intensity levels. Variability 

at certain parasite gene loci could provide a parasite with an advantage to escape from 

the recognition by the host immune system. Diverse parasite variants are usually 

observed in the endemic areas and in order to be fit and survive, possibly they tend to 

acquire attributes such as increased virulence as well as resistance towards drugs 

administered against them. 149   

 

The impact of malaria parasite population structure on the gene flow may have 

links with the occurrence of mutations that confer drug resistance in parasite or helpful to 

escape from vaccine-induced immunity. Information generated on the extent of genetic 

diversity allows the prediction of emergence and spread of parasites with new antigenic 

variants possessing the drug resistance elements and also may possess virulence factors 

to develop severe vivax malaria.150,151 Thus, studies on the malaria parasite population 

structure are crucial for understanding the development of malarial parasite virulence and 

parasite polymorphisms in malaria transmission, and to design prevention tools such as 

vaccines and also for assessing the effect of malaria control.152,153 In addition to the 
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monitoring of the drug resistance distribution, importance of understanding of parasite 

population structures can also be helpful to evaluate the performance of the vaccines 

under development.154 Genetic diversity can be studied by selecting many marker genes 

so that many clones accidentally sharing of the similar genotype can be considerably 

avoided.155 Most of the P. falciparum genetic polymorphism studies have been 

performed on genes coding for antigenic determinants such as merozoite surface protein 

(MSP) circumsporozoite surface protein (CSP), and apical membrane antigen (AMA) 1 

and changes in these genes are of the type of non-synonymous nucleotide 

polymorphisms. 156,157 For P. vivax, similar approaches have been followed to analyze 

the polymorphisms at the molecular level  and with that focus many genes encoding for 

MSPs, CSP, AMA I and GAM I are being identified.158,159 Merozoites are one of the 

principle vaccine targets, and Invitro studies have shown the production of antibodies 

against many merozoite surface proteins blocking erythrocytic invasion of parasite. 160 

The analysis of  Pvmsp-3α and Pvmsp3β genes of P. vivax allows greater capability to 

determine  haplotypes of parasites and identifying the presence of  mixed strain 

infections. 161,162 MSP-1 is the most promising vaccine candidate against malarial 

erythrocytic forms. The MSP-1 gene is vast comprising ten conserved regions with 

higher diversity. 163 The MSP-1 gene codes for a protein on the parasite surface with 

190-200 kDa size.  

 

The pvmsp-1 primary structure was firstly characterized by two P. vivax strains, 

Salvador-1 and Belém, which were monkey-adapted. The gene sequence of pvmsp-1 

exhibits three types of regions; conserved, semi-conserved and polymorphic. Several 

genes belonging to a multigene family such as pvmsp-3α, Pvmsp-3β and pvmsp-3γ, 

which are coding for MSPs in P. vivax parasite, have been identified. 164 These three 

MSP proteins have 35-38% amino acid sequence identity and about 48-53% of 

resemblance in pair-wise comparisons. Another parasite gene Pvmsp-3α is similar to 

pvmsp-1 and is reported to be extremely polymorphic, and both of them have been 

utilised as genetic markers in parasite isolates belonging to the diverse origins and 

geographic localities. 165 Like pvmsp-1 and 3α  genes, Pvmsp-3β is also highly 

polymorphic paralogs gene with different gene sizes and changes in sequences among 

the different parasite isolates.166 Global vivax population genetic studies have used  

Pvmsp3α and Pvmsp-3β as molecular markers.161,167  In a study conducted in Honduras 

showed high degree of genetic diversity among three highly polymorphic markers 

(PvAMA-1, PvCSP, and PvMSP-1) for P. vivax.168 Not much information about 
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PvMSP3β as an epidemiological marker is available in the Indian context. Very few 

studies genotyped the PvMSP3β gene in populations from different regions of India and 

showed that it is extremely polymorphic across the population.169,170 

 

3.15 Drug resistance in P. vivax   

 

Antimalarial drug resistance is a major obstacle which has been hampering the 

malaria control strategies .The emergence of drug resistance has severely threatened the 

global antimalarial drug formulations.123 In India, Chloroquine (CQ) is the prime-line 

antimalarial drug choice for the treatment and management of P. vivax infection. 

However, reduced susceptibility of the parasite has been documented sporadically and 

also CQ-resistant (CQR) P. vivax appear to be rare.171 An in vivo efficacy study 

conducted in Chennai demonstrated P. vivax isolates to be sensitive to Chloroquine.171 

The genic loci and exact molecular mechanisms involved in CQ resistance of P. vivax  

have yet to be elucidated.64 Genetic changes such as point mutations are identified in the 

genes of P. falciparum. They are P. falciparum multidrug resistance 1 protein (PfMDR1) 

and P. falciparum chloroquine resistance transporter (PfCRT). These mutations are 

shown to have an association with chloroquine resistance (CQR). In P. vivax parasite, 

PvCRT-O and PvMDR1 which are orthologues to P. falciparum proteins have already 

been identified. Recent study from Southeast Asia has suggested the association of 

PvMDR1 mutant alleles with CQR both in vitro and in vivo.172 Emergence of drug 

resistance in malaria is a considerable threat in malaria control. Both the P. falciparum 

and P. vivax strains from different areas have been reported to show resistance towards 

antimalarials. For many years, Chloroquine (CQ) was the drug of choice in treating both 

P. vivax and P. falciparum malaria cases since the drug is cheap and effective. However, 

currently, in most endemic areas, parasites have developed resistance to this drug.173 

About four decades ago, in India, chloroquine resistance was first documented in the 

year 1973 from Karbi-Anglong district in Assam and in the subsequent year 1974 in 

Nowgong district of the same north-eastern state Assam. Later, the resistant strains 

gradually circulated towards the south and west, thereafter spreading almost throughout 

the country.174 For the first time, in the year 1992, Chloroquine resistance in P. vivax was 

reported from Papua New Guinea, 64 later on spreading to many parts, and now 

Chloroquine-resistant P. vivax has become a clinical fact in many malaria-affected 

countries. 123 Overview of vivax malaria and drug resistance has been shown in Figures 

7-10.  
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Overview of vivax malaria and drug resistance  

 

Fig.9 showing category 1- Evidence showed greater than 10% recurrences by day 

28 (with a lower 95% cl of >5%), irrespective of confirmation of adequate blood 

chloroquine concentration (Antimalarial drug resistance surveillance). Source: 

WWARN Molecular Surveyor   

 

  

 

 

 

 

 

 

 

 

 

  

  

    

 

 

Drug resistance in vivax malaria is of grave concern as the dormant hypnozoites upon 

their activation may result in a relapse of drug resistant parasites. In terms of the 

incubation period, response to primaquine treatment and relapsing pattern, P. vivax 

strains show heterogeneity. 175 As the sulpha drugs are not much potent in the treatment 

of CQR P .vivax, the treatment options consist either choosing a more effective blood 

schizontocidal agent by changing the drug policy or else optimizing the chloroquine drug 

regimens. The molecular gene targets, pvmdr1 and pvcrt-o are the two recommended 

markers for the screening and molecular surveillance of CQR in P. vivax patient 

isolates.176   
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3.16 Control and prevention of Vivax Malaria   

 

The principle behind control and prevention strategies of vivax malaria is 

comparable with that of falciparum malaria.  

1) By implementing vector control measures to reduce the transmission of the 

parasites from mosquitoes to humans.  

2) Prevention of the spread of the infection in humans by chemoprophylaxis   

3) Rapid diagnosis and treatment (in due course to eliminate and eradicate the 

infection in humans) by accessible diagnostic methods and therapeutic regimens.   

 

 It has been observed that the effectiveness of interventions against malaria 

control are not very effective for P. vivax than P. falciparum. Hence, in areas where there 

is a coexistence of these two parasites are reported, the incidence of P. falciparum has 

reduced compared to that of P. vivax. This might lead to the persistence of the vivax 

malaria being the major challenge to eliminate the disease. This paves the way for a need 

for specific and effective intervention targeting the liver stage of the parasite for 

successful prevention and eradication of vivax malaria. There may not be any immediate 

impacts for vector control in endemic regions of vivax malaria because the contribution 

of hypnozoite reservoir is >80% of acute attacks in both low and high endemic zones.176, 

177   

 

The major control measures of malaria are classified as an intervention against 

the parasite and of the vector. For the strategies to control the parasite, implementation of 

chemotherapy, Intermittent preventive treatment for pregnant women (IPT) and 

vaccination are carried out. With the latter, usages of insecticides like Insecticide treated 

bed nets (ITNs) and IRS are included.178 

 

3.16.1 Insecticide treated bed nets (ITNs)  
 

Mosquitoes are killed using IRS method, by spraying the residual insecticide on 

the inside walls as well as on other surfaces of the house. The mosquitoes that enter or 

rest on the sprayed surfaces are effectively repelled or killed after their blood meal, even 

after several months of IRS application. Thus, transmission of malarial infection to other 

people is prevented. Usage of IRS in the sub-Saharan Africa region has averted the 

number of malaria cases and the mortality rate by an estimated 10%.29 However, on a 

global scale, the protection provided by IRS to the population at risk has reduced from 

5.7% to 3.4% between 2010 and 2014.29 



Review of Literature 

Page | 56  
 

 

3.16.2 Intermittent preventive treatment for pregnant women (IPTp)  
 

Pregnant women are advised the use of IPTp as a prophylactic treatment, because 

IPTp is known to decreases the maternal and fetal anemia, maternal malaria episodes, 

low birth weight of new born, and neonatal mortality.179 The pregnancy-associated 

malaria (PAM) burden has been proven to have successfully reduced by the use of IPTp 

with sulfadoxine– pyrimethamine (IPTp–SP). Based on its effectiveness, IPTp-SP has 

been included as a part of their national malaria prevention programme in the African 

countries.180  

 

3.16.3 Larvicides  
 

The larval stage of the mosquito is killed using an insecticide, termed as 

Larvicide, before they hatch into mature adult mosquito. The larvivorous fish such as the 

minnow or mosquito fish (Gambusia affinis), or the common guppy (Poeciliareticulata), 

or bacteria such as Bacillus sphaericus and B. thuringiensis varisraelensis may also aid in 

eliminating the larval stage of the mosquitoes.181 

 

3.17  Challenges and recommendations in malaria eradication   
 

The hypnozoite reservoir is greatest threat in the eradication of vivax malaria and 

mean while it is also best opportunity to accomplish the malaria elimination task. 

Attacking and shrinking the reservoir may play a key role for substantially reduce the 

burden of vivax malaria and its associated morbidity and mortality, considering that 

more than 80% of the malaria incidences are indeed derived from dormant liver stages or 

hypnozoites. Despite the use of PQ for more than 65 years against hypnozoite reservoir, 

the therapeutic success could not be achieved as it is attributed to its hemolysis in G6PD-

deficient patients.182  

 

Introducing an effective vector control strategy must be the first step in 

overcoming the difficulties seen in handling populations and individual patients affected 

by malaria infection. In this regard, a century ago, species sanitation has had supported 

beneficial effect against malaria endemic regions in Asia.183 Considering these important 

factors, the following measures are recommended for the eradication of endemic vivax 

malaria: Eliminating any endemic malaria depends primarily on the ACD (active case 

detection) and early treatment; Owing to the fact that many infections are latent, sub-

patent, sequestered, and asymptomatic, this approach may alone not aid in elimination of 

the parasite.  
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In order to accelerate the elimination process, safe and global access to radical 

cure must be adopted, for vivax malaria cases and to substitute means of relapse 

prevention for patients  not responding to 8-aminoquinolines. Achieving elimination of 

the parasite may require efficient diagnostic approaches that are currently unavailable for 

both the parasite and G6PD deficiency.  

 

Adopting of radical cure with a primaquine and Artemisinin combination therapy 

(ACT) may also target the hypnozoites. Reducing new vivax infections/infiltration of 

liver with hypnozoites  is by considerably decreasing human contact with the vectors, 

also efficiently isolating surviving parasites in all stages of human infection—latent, sub-

patent, patent, followed by eliminating  mosquito contact and consequent transmission.   

Reviewing the feasibility of offering immune protection against vivax malaria that is 

delivered by attenuated P. falciparum sporozoite vaccines may provide an appropriate 

means for eliminating the endemic P. vivax.  
 

3.18 P. vivax chemotherapy  
 

The main aim of antimalarial treatment in P. vivax is to minimize the instant risk 

to the host, eradication of peripheral asexual parasitemia, prevention of recurrent 

infection, and interrupt transmission cycle.184 Complete eradication of parasite from the 

body possesses major challenge through dormant liver stages (hypnozoites) that are able 

to cause relapses within days to months after the preliminary infection. Malaria treatment 

cannot be easily achieved by the use of single drug and thus, a combination of 

antimalarial drugs is needed to target various specific and critical stages in the life cycle 

of parasite.29  

 

3.19 Vaccination: 

 

 The development of highly effective and durable vaccines against the human malaria 

parasites Plasmodium falciparum and P. vivax remains a key priority 

 

A malaria vaccine is a vaccine that is used to prevent malaria. The only approved 

vaccine as of 2021 is RTS,S, known by the brand name Mosquirix. It requires four 

injections, and has a relatively low efficacy. Due to this low efficacy, the World Health 

Organization (WHO) does not recommend the routine use of the RTS,S vaccine in 

babies between 6 and 12 weeks of age. 
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Research continues with other malaria vaccines. The most effective malaria 

vaccine discovered so far is R21/Matrix-M, with 77% efficacy shown in initial trials, and 

significantly higher antibody levels than with the RTS,S vaccine. It is the first vaccine 

that meets the World Health Organization's goal of a malaria vaccine with at least 75% 

efficacy.  

 

Table.3 Malaria vaccine currently under clinical trials. (P.E. Duffy and J. Patrick 

Gorres, Malaria vaccines since 2000: progress, priorities, productsnpj Vaccines (2020) 48) 

 

Vaccine candidate Immunogen type Current status 

Pre-erythrocytic stage (anti-infection 

RTS,S Subunit Phase 4 

R21 Subunit Phase ½ 

Full-length CSP Subunit Phase 1 

PfSPZ Vaccine 
Whole sporozoite 

(radiation attenuation) 
Phase 2 

Chemoprophylaxis 

vaccination (CVac) 

Whole sporozoite 

(chemical attenuation) 
Phase 2 

Genetically attenuated 

parasite (GAP) vaccines 
Whole sporozoite Phase 1 

Blood stage 

PfSEA subunit Phase 1 

AMA1-RON2 Subunit Preclinical 

PfSEA-1 Subunit Preclinical 

PfGARP Subunit Preclonical 

Chemically attenuated 

parasite (CAP) vaccinesl 

Whole blood-stage 

parasite 
Phase 1 

VAR2CSA (Placental 

malaria) 
Subunit Phase 1 

PvDBP (Plasmodium vivax) Subunit Phase 1 

Mosquito stage (Transmission-blocking) 

Pfs25 Phase 2 Subunit Phase 1 

Pfs230 Subunit Phase 

Pfs48/45 Subunit Preclinical 

Pvs230 (Plasmodium vivax) Subunit Preclinical 
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4. Materials and Methods 

 

4.1 Research methodology 

 

Study design : Cross sectional observational study. 

 

Study period : 2016-2020 

 

Study place :BLDE (DU)s Shri B.M. Patil Medical College, Hospital and Research 

Centre  Vijayapur & BGS Global Institute of Medical Sciences Bangaluru. 

 

Sample size: 600 blood samples 

 

4.1.1 Inclusion criteria: All patients from fifteen to seventy years, of both the sexes, 

presenting with symptoms of malaria and willing to participate in the study were 

included. 

 

4.1.2 Exclusion criteria: Pregnant women, immunocompromised individuals, patients 

on anticancer drugs, chronic alcoholics, individuals with any underlying diseases like 

diabetes, rheumatoid arthritis which may hamper the results of the study were excluded. 

 

• Sample size was calculated with 95% confidence level, anticipated prevalence of  

malaria (Plasmodium falciparum and Plasmodium vivax) among symptomatic 

patients as 21%  and desired precision as ±3.the minimum sample size was 592            

( ≈600) with finite population correction, formula used was 

• N = Z2 P (1-P) 

             d2 

where n = Sample size, 

           Z = Z statistic for a level of confidence, 

           P = Expected prevalence or proportion       

           d = Precision 
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This study was conducted at two study centres, BLDE (DU)’s Shri B.M. Patil 

Medical College, Hospital and Research Centre Vijayapura, Karnataka and BGS Global 

Institute of Medical Sciences, Bengaluru, Karnataka. Both the study centres are tertiary 

referral centres in Karnataka state. Following consent from patients, 5 to 10 ml of blood 

sample was collected into sterile EDTA tubes from June 2016 to December 2019. Blood 

samples were aliquoted and stored at -80°C till further analysis. All patients from 15 to 

70 years age of both the genders that were presenting with symptoms of malaria were 

screened and cases that were smear positive or antigen positive for P. vivax parasite were 

included in the study. Total of 600 blood samples from malaria suspected patients were 

included in the study. 

 

4.2 Study plan 

INFORMED CONSENT 

 

HISTORY TAKING FROM PATIENT 

 

SAMPLE COLLECTION 

 

 

               MICROSCOPY                    RDT                  ELISA                              PCR 

 

4.3 Malaria Parasite Identification by microscopy  

 

The malarial infection was confirmed by careful microscopic examination of the 

Leishman stained peripheral blood smears. Thick and thin blood smears were made, 

stained by Leishman stain and examined for the parasitological identification and density 

of malaria parasites under 100X magnification using an oil immersion objective.                               

 

4.3.1 Leishman’s stain 

 

4.3.1.1 Stain preparation 

 

1. Leishman’s stain 

• Dissolve 1 gm of leishman’s stain powder in 500ml of acetone free methyl 

alcohol. 

• The stain is then filtered into stock bottle 
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• Place at 50°C for 15miutes in water bath 

• Again filter into clean brown borosilicate glass bottle and store in dark at room 

temperature. 

 

4.3.1.2 Preparation of Peripheral blood smear 

 

• A drop of blood is placed on a clean grease free glass slide 1cm away from one 

end. 

• Take a another slide and place its smooth edge over the drop of blood as to 

spread the blood along its edge. 

• Place the slide at about 30-40° angle and make the smear with a smooth 

forwarded movement. The resulting ideal smear should be about 2.5-3.5cm in 

length. 

• Allow it to dry at room temperature and label. 

  

4.3.1.3 Leishman’s staining procedure 

 

• Prepare the blood film and air dry it 

• Keep it on a staining rack and completely cover it with the stain 

• Leave it to stain for 2 mins 

• Pour double the amount of buffered water onto the slide  

• Gently mix the stain and buffer with pipette 

• Wash in the buffer and wipe it with tissue paper 

• Place vertically to drain and dry. 

• Observe under oil immersion objective. 
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4.4 Antigen detection by rapid diagnostic tests (RDT) 

In addition to microscopy. Additionally immunochromatographic principle based malaria 

rapid diagnostic tests (RDT) using SD BIOLINE Malaria Ag P.f/Pan test kit. Test is a 

rapid, qualitative and differential test for the detection of  histidine-rich protein II (HRP- 

II) antigen of Plasmodium falciparum and common Plasmodium lactate dehydrogenase 

(pLDH) of Plasmodium species in human whole blood. 

 

• Detects HRP2 Ag specific to P.falciparum and pLDH specific 

to Plasmodium species. 

• Distinguishes the infection between P.falciparum and others 

• Suitable in the prevalent region of P.falciparum and other Plasmodium species. 

• Whole blood 

• Time to result : 15 minutes (up to 30 minutes) 

• 1-40°C for 24 months (storage) 
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Patients presented with fever for evaluation are screened for malarial parasites 

Screening by Microscopy and RDTs 

            Positive cases are selected  

Blood Collection, Plasma separation and Storage 

Estimation of Plasma levels of TNF-α, IFN-Ƴ,TGF-β, and IL-10 
cytokines 

Data tabulation and Statistical Analysis 

Results Interpretation 

 

4.5 Procedure for ELISA 

 

4.5.1 Determination of Plasma Cytokine levels using ELISA 

 

Plasma concentrations of Inflammatory cytokines TNF-α, IFN-g, IL-10 and TGF-β were 

quantified using solid phase sandwich Enzyme Linked Immuno Sorbent Assay (ELISA) 

kits (Diaclone, France) according to the kit manufacturer's instructions. Recombinant 

lyophilized native human cytokines supplied in the kit were used to obtain standard 

curves ranging from 12.5 to 2000 pg/ml. All the samples were tested in duplicates. 

Plasma samples were added on to the wells in the ELISA plate coated with specific 

antibody against test cytokine, a biotin- conjugated primary antibody was added and 

incubated. After a wash step Streptavidin-HRP that binds to the biotin-conjugated 

primary antibody was added. Following the incubation and subsequent wash, substrate 

solution reactive with HRP was added to the wells. Coloured products were formed and 

absorbance was measured at 450 nm. 
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4.5.2 Reagents required 

• 96 well microtitre strip plate 

• Plastic plate covers 

• Standard 

• Control 

• Standard Diluent (Buffer) 

• Standard Diluent: Human Serum 

• Biotinylated anti-cytokine 

• Biotinylated Antibody Diluent 

• Streptavidin-HRP 

• Amplification Diluent 

• Amplifier 

• HRP Diluent 

• Wash Buffer 

• TMB Substrate 

• H2SO4 stop reagent 

 

4.5.3 Materials required 

 

Microtiter plate reader fitted with appropriate filters (450nm required with optional 

630nm reference filter)  

• Microplate washer or wash bottle  

• 10, 50, 100, 200 and 1,000µl adjustable single channel micropipettes with 

disposable tips 

• 50-300µl multi-channel micropipette with disposable tips  

• Multichannel micropipette reagent reservoirs  

• Distilled water  

• Vortex mixer  

• Orbital shaker 
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4.6 Procedure for cytokine ELISA 

4.6.1 Tumor Necrosis Factor (TNF-α) 

➢ Add 100µl of each, Sample, Standard 

➢ Add 50µl of diluted biotinylated anti-TNFα 

➢ Incubate at room temperature (18 to 25°C) for 3 hours 

➢ Wash(add 0.3ml of washing buffer,repeat for 3 times) 

➢ Add 100µl of Streptavidin-HRP 

➢ Incubate at room temperature (18 to 25°C) for 30 min 

➢ Wash (add 0.3ml of washing buffer,repeat for 3 times) 

➢ Add 100µl of ready-to-use TMB Substrate Solution 

➢ Incubate in the dark for 12-15 minutes* at room temperature 

➢ Add 100µl of H2SO4:Stop Reagent  

➢ Read the absorbance value immediately (450 nm and 600 nm 

  

4.6.2 Interferon gamma (IFN-γ) 

➢ Add 100µl of each, Sample, Standard 

➢ Add 50µl of diluted biotinylated anti-IFNγ  

➢ Incubate at room temperature (18 to 25°C) for 2 hour 

➢ Wash (add 0.3ml of washing buffer,repeat for 3 times) 

➢ Add 100µl of Streptavidin-HRP 

➢ Incubate at room temperature (18 to 25°C) for 30 min 

➢ Wash (add 0.3ml of washing buffer,repeat for 3 times) 

➢ Add 100µl of ready-to-use TMB Substrate Solution 

➢ Incubate in the dark for 15-20 minutes* at room temperature 

➢ Add 100µl of H2SO4:Stop Reagent 

➢ Read the absorbance value immediately (450 nm and 600 nm) 

 

4.6.3 Interleukin10 (IL-10) 

➢ Add 100µl of each standard, sample 

➢ Incubate at room temperature (18 to 25°C) with slow shaking for 1 hour 

➢ Wash (add 0.3ml of washing buffer,repeat for 3 times 

➢ Add 50µl of diluted biotinylated anti-IL-10 incubate at room temperature (18 to 

25°C) 

➢ Wash (add 0.3ml of washing buffer, repeat for 3 times) 
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➢ Add 100µl of Streptavidin-HRP solution 1 into all wells 

➢ Incubate at room temperature (18 to 25°C) with slow shaking for 20 min 

➢ Wash (add 0.3ml of washing buffer, repeat for 3 times) 

➢ Add 100µl of diluted Amplifier  

➢ Incubate at room temperature (18 to 25°C) with slow shaking for 15 min 

➢ Wash (add 0.3ml of washing buffer, repeat for 3 times) 

➢ Add 100µl of Streptavidin-HRP solution 2 

➢ Incubate at room temperature (18 to 25°C) with slow shaking for 20 min 

➢ Wash (add 0.3ml of washing buffer, repeat for 3 times) 

➢ Add 100µl of ready-to-use TMB Substrate Solution 

➢ Incubate in the dark for 10-20 minutes at room temperature 

➢ Add 100µl of H2SO4:Stop Reagent 

➢ Read the absorbance value immediately (450 nm and 600 nm 

 

4.6.4. Transforming growth factor- (TGF-) 

➢ Wash (add 0.3ml of washing buffer,repeat for 3 times) 

➢ Preparation of standard curve 

➢ Add 60µl of Assay Buffer and 40µl  of each pre-treated sample 

➢ Incubate at (18 to 25°C) for 2 hours on a rotator set at 100rpm 

➢ Wash (add 0.3ml of washing buffer,repeat for 3 times) 

➢ Add 100µl of diluted biotinylated Conjugate 

➢ (18 to 25°C) for 1 hour on a rotator set at 100rpm 

➢ Wash (add 0.3ml of washing buffer,repeat for 3 times) 

➢ Add 100μl of Streptavidin-HRP 

➢ (18 to 25°C) for 1 hour  

➢ Wash (add 0.3ml of washing buffer,repeat for 3 times) 

➢ Add 100μl of ready-to-use TMB Substrate Solution 

➢ Incubate in the dark for 30 minutes at room temperature on a rotar set at 100rpm  

➢ Add 100μl of H2SO4:Stop Reagent 

➢ Read the absorbance value immediately (450 nm and 600 nm) 
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Fig.10 Linear line for calibration. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Patients presented with fever for evaluation are screened for malarial parasites 

Screening by Microscopy, RDTs, and PCR 

            Positive cases are selected  

Blood Collection, Plasma separation and Storage 

DNA extraction and molecular confirmation P.vivax 

Data tabulation and Statistical Analysis 

Results Interpretation 
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4.7 DNA Extraction and Molecular confirmation of P. vivax Species.  

 

Genomic DNA of P. vivax was extracted from 200 μl of each blood sample using a 

QIAamp DNA Blood Kit (Qiagen, Hilden, Germany), according to the manufacturer's 

instructions, with modification in the incubation step with proteinase K where duration 

of incubation time was extended to 20 min at 56°C for better DNA yield.  

 

4.7.1 Reagents: 

 

Sterile MiliQ Water-3.5μL 

Master Mix (PROMEGA GoTaq Green)-1 μL 

Forward Primer-1 μL 

Reverse Primer-1 μL 

Template DNA-1 μL  

 

4.7.2 Procedure: DNA Extraction 

 

• Pipette – 20μ QIAGEN protease into the bottom of a 1.5ml microcentrifuge tube 

• Add 200μ sample into microcentrifuge tube 

• Take 200μ whole blood 

• Add 20μ buffer to the sample, mix by pulse vortexing for 15 second 

• Incubate at 50° c for 10 minutes 

• Briefly centrifuge the 1.5ml microcentrifuge tube to remove drops from the 

inside the lid 

• Add 200μ ethanol (96-100%) to the sample and mix again by pulse vortexing 

for 15 second 

• After mixing, briefly centrifuge the 1.5ml microcentrifuge tube to remove drops 

from the inside the lid 

• Apply 200μ from step 6 to the QIAamp mini spin column without wetting the 

rim, close the cap 

• Centrifuge at 8000rpm for one minute 

• Place the QIAamp mini spin column in a clean 2ml collection tube and discard 

the tube containing the filtrate 
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• Carefully open the QIAamp mini spin column and add 500μ buffer AW1 

without wetting the rim, close the cap 

• Centrifuge at 8000rpm for one minute 

• Place the QIAamp mini spin column in a clean 2ml collection tube and discard 

the collection tube containing the filtrate 

• Carefully open the Q.M.S. column and add 500μ buffer AW2 without wetting 

the rim close the cap 

• Centrifuge at full speed 14000rpm for 3 minutes 

• Place the Q.M.S. column in a new 2ml collection tube and discard the old 

collection tube with the filtrate 

• Centrifuge at full speed 14000rpm for 1 minute 

• Place the Q.M.S. column in a clean 1.5ml microcentrifuge tube 

• Discard the collection tube containing the filtrate 

• Carefully open the Q.M.S. column and add 200μ buffer AE 

• Incubate at room temperature (15-25° c) for 1 minute 

• Centrifuge at 8000rpm for 1 minute 

 

 

The DNA was dissolved in TE-buffer (10 mM Tris–HCl, 0.1 M EDTA, pH 8.0) 

and was stored at -20°C until further analysis. The quality of total DNA was checked by 

running 5 μl of each DNA sample on a 1.0% agarose gel stained with ethidium bromide 

and visualized under ultraviolet illumination. P. vivax infection was further confirmed by 

PCR analysis of 18S ribosomal RNA of parasites using the protocol described 

previously.1 

 

All the 41 sample which were positive for P.vivax were taken for molecular 

technique, and extracted genomic DNA from whole blood using QIAamp kit. and all 

samples were run in 1% agarose gel elcctrophoresis to check quality of DNA.  
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Fig.11 Genomic DNA Extraction 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.7.3 Procedure: Polymerase chain reactions (PCR) 

1. A premixture was prepared and aliquoted into each sample tube.  

2. The sample was gently vortexed and spinned down. 

3. The sample tube was placed in thermal cycler. 

 

The PCR cycle was as follows  

Initial denaturation     -    94 C°, 5min, followed by 35 cycles of  

Denaturation              -     94° C, half minute  

Annealing                  -     56° C, 30 second  

Extension                   -     72° C, 15 second  

And last extension       -     72°C for 8 min.  

Hold                           -     4°C 

 

Samples were kept at 40° C following PCR. 

• Based on the sequence alignment analysis with the reference wildtype sequences, 

the SNPs in the target genes of the local isolates were be identified. 
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GenBank accession no. of the target genes are mentioned below; 

– pvmdr1 - AY571984 

– pvdhfr  - X98123 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table-4: List gene primers. 

Gene 

 

Primer 

(5’ – 3’) 

Amplicon 

Size 

(in bp) 

Amplicon 

Size 

(in bp) 

Pvmdr 
GGATAGTCATGCCCCAGGATTG 

CATCAACTTCCCGGCGTAGC 
604 604 

Pvdhfr 
ATGGAGGACCTTTCAGATGTATT 

CCACCTTGCTGTAAACCAAAAAGTCCAGAG 
716 716 

p.vivax 
CGCTTCTAGCTTAATCCACATAACTGATAC 

ACTTCCAAGCCGAAGCAAAGAAAGTCCTTA 
260 260 
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Polymerase Chain Reaction (PCR) 
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4.7.3.1 Amplification of pvmdr-1 and pvdhfr regions by PCR 

 

 After confirmation infections by expert microscopic examinations of Leishman-stained 

thick and thin blood smears and reconfirmed with bivalent rapid diagnostic test kit 

(Falcivax® from tulip, Goa) the genomic DNA of P. vivax was extracted. To amplify 

target-specific fragments of pvmdr-1 and pvdhfr genes, PCR amplification methods was 

used by employing protocols reported in other study with some minor modifications in 

the reaction conditions.1,2 Oligonucleotide primers for amplifying pvmdr-1 were 200nM 

concentration of forward primer 5’-GGATAGTCATGCCCCAGGATTG-3’ and reverse 

primer 5’-CATCAACTTCCCGGCGTAGC-3’. Pvdhfr gene was amplified by using 

200nM concentration of each forward primer, Pvdhfr FP 5′-

ATGGAGGACCTTTCAGATGTATT-3′ and reverse primer, Pvdhfr RP 5′-

CCACCTTGCTGTAAACCAAAAAGTCCAGAG-3′ (expected PCR product size 715 

bp). For both the genes, PCR was setup in a 20µL reaction volume using GoTaq® Green 

2X Master Mix (Cat.# M7122, PROMEGA GoTaq Green, Madison, Wis.) containing 

DNA Taq Polymerase, 3 mM MgCl2, 400µM each dNTPs, and 2 μl of genomic DNA as 

template in a reaction. No template control (NTC) was also included with each batch of 

PCRs as negative control to check for any chances of contamination in reagents or 

during reaction set up. The PCR cycling conditions for both the gene fragments included 

an initial denaturation step at 94°C for 5 min, followed by 40 cycles at 94°C for 30 sec, 

annealing temperatures 58.2°C for 15 sec in case of Pvmdr-1 and 59.1°C for 15 sec in 

case of Pvdhfr, followed by 72°C for 45 seconds. Final extension temperature step for 8 

min was also included. The amplified PCR products were resolved on 1.0% agarose gel 

pre-stained with ethidium bromide and visualised under UV-light. The PCR products 

were stored at -20°C until further Sanger sequencing analysis. 

 

 4.7.3.2 Sanger Sequencing Analysis for pvmdr-1 and pvdhfr PCR products 

 

 Purified PCR products were quantified by NanoDrop before proceeding for bi-

directional sequencing. To identify polymorphisms in pvmdr-1 and pvdhfr genes in our 

study population, 36 isolates of P. vivax were sequenced. All these isolates were of 

single species and monoclonal infections with P. vivax parasite. Sequencing of genes 

from each isolate was performed on an ABI Prism 377 DNA Sequencer equipped.  

Sequencing data was analysed using SeqMan software (DNASTAR, Inc, USA) for 

eliminating PCR or sequencing errors if any. FASTA format nucleotide sequences were 

checked using NCBI-BLAST tool for comparing with PubMed deposited sequences. 
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Nucleotide change such as presence or absence of SNPs was confirmed by reading both 

the forward and reverse strands. 

 

• Statistical Analysis 

• All characteristics will be summarized descriptively. For continuous variables, 

the summary statistics of N, mean, standard deviation (SD) will be used. For 

categorical data, the number and percentage will be used in the data summaries. 

• Bivariate correlation analysis using Pearson’s correlation coefficient (r) will be 

used to test the strength and direction of relationships between the interval levels 

of variables.  

• Chi-square (χ2) test will be employed to determine the significance of differences 

between groups for categorical data. For continuous data, the differences of the 

analysis variables will be tested with the t-test. If the p-value is > 0.05, then the 

results will be considered to be not significant. Data will be analyzed using SPSS 

software 
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5. Results  

 

5.1 Age and sex distribution of cases. 

 

A total of 600 blood samples of malaria symptomatic cases were screened by microscopy 

and antigen detection by rapid diagnostic test (RDT). Of these 45 blood samples were 

positive for malaria infection amongst which 35 (77.8%) were males and 10 (22.2%) 

were females. All these study subjects were adults with mean age of 29.58 ± SD 9.40 

years.The age and sex distribution of the cases is shown in table -5. 

 

Table.5 Age and sex distribution of cases 

 

Age (yrs) 
Male Female 

P value 
Number (%) Number (%) 

15-20 6  (17.1) 2  (20) 

 

 

 

0.698 

21-25 7  (20.0) 3  (30) 

26-30 8  (22.9) 2  (20) 

31-35 5  (14.3) 0  (00) 

36-40 3  (8.6) 2  (20) 

>40 6  (17.1) 1  (10) 

Total 35 (100) 10 (100) 

 

 

 

 

 

 

 

 

 

 

 

 

 

The common age group affected among males was 26-30 years and 21-25 age group 

among females. Male preponderance was noted. 

 

Fig.12 Age and sex Distribution of cases 
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5.2 Results of microscopy, antigen detection and PCR 

 

Of the 600 samples screened, 45 were found to be positive for malaria by microscopic 

observation and 51 were positive by antigen detection by RDTs and 36 samples were 

positive by PCR. The results are summarized in the below table-6.  

 

Table.6 Results of microscopy, antigen detection and PCR  

Total 

samples 

Antigen detection 

Positive (%) 

Microscopy 

Positive (%) 

PCR 

Positive (%) 

600 51 (8.5) 45 (7.5) 36 (6) 

 

5.3 Results of speciation by microscopy and antigen detection by RDT 
 

Of the 45 malaria positive cases by microscopy, 33 (73%) were caused by P. vivax, 10 

(22.2%) were P. falciparum cases and 2 (4.4%) were of mixed infection (P. vivax + P. 

falciparum). Among 51 malaria positive cases by antigen detection by RDT, 39 

(76.47%) were caused by P. vivax, 10 (19.60%) were P. falciparum cases and 2 (3.92%) 

were of mixed infection (P. vivax + P. falciparum). Of the 51 positive cases by antigen 

detection, 6 were negative by microscopy and hence were subjected to molecular 

technique, of which one turned out to be positive for P.vivax. The result of microscopy 

and antigen detection are shown in table-7.  

 

Table.7 Results of speciation by microscopy and antigen detection by RDT  

Tests 
Total 

samples 

Number 

of positive 
P.vivax P.falciparum 

Mixed 

infection 

Microscopy 600 45 33 10 
 

02 

Antigen 

detection by 

RDT 

600 51 39 10 02 
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Fig.13 Morphological form of malarial parasite 
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Table.8 Diagnostic performance of different test methods for detection of malaria 

compared with PCR 

 

 

ASSAY Microscopy Rapid antigen detection test 

Sensitivity 97.22% 97.22% 

Specificity 100.00% 98.94% 

PPV 100.00% 85.37% 

NPV 99.82% 99.82% 

Accuracy 99.83% 98.83% 

 

 

 

5.4 Cytokine analysis by ELISA 

Positive sample are distributed into 2 aliquots and stored at - 80°C.   

 

ELISA: Procedure is standardized for cytokines TNF-α, IFN-γ, IL-10, TGF-β and values 

are installed in the machine. 
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Tumor Necrosis Factor (TNF-α) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Interferon gamma (IFN-γ) 
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Interleukin10 (IL-10) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Transforming growth factor- (TGF-) 
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5.4.1 Comparison of mean parameters between cases and controls 

 

Both the selected pro-inflammatory (TNF-α and IFN-γ) and anti-inflammatory (IL-10 

and TGF-β) markers in the present study were found to be significantly elevated in 

malaria cases compared to healthy controls. The cytokine levels were in the normal 

range in the healthy controls. 

 

Table.9 Comparison of mean parameters between cases and controls 

 
Paramete

rs 
Group Mean SD 

Media

n 
Range 

Mean 

Rank 

Kolmog

orov-

Smirnov 

Z 

p value 

Anti-

inflamma

tory 

 

IL-10 

(pg/ml) 

Cases 229.2 81.1 76.1 1.3-584.1 29.3 
2.346 <0.001* 

Control 2.9 1.3 2.7 0.9-4.5 5.29 

TGF-β 

(pg/ml) 

Cases 79.7 15.9 81.3 
55.5-

112.6 
29.93 

1.494 0.023* 

Control 67.8 7.3 65.2 61.7-85.4 19.3 

Pro-

inflamma

tory 

 

TNF-α 

(pg/ml) 

Cases 122.3 89.7 52.3 1-836.7 25.49 
2.164 <0.001* 

Control 8.6 3.9 7.2 4.7-16.2 6.71 

IFN-γ  

(pg/ml) 

Cases 88.3 53.4 57.2 0.9-303.2 25.85 
2.163 <0.001* 

Control 1.7 1.5 1.2 0.3-4.3 4.5 

 

Parasitic 

density 

(%) 

Cases 1.5 0.9 1.4 0.3-3.9 23 
- - 

Control - - - - 0 

Note: * significant at 5% level of significance (p<0.05) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.14 Comparison of mean parameters between cases and controls 
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5.4.2 Comparison of mean parameters among type of malaria infection 
 

No significant difference was noted in the mean values of IL-10, TGF-β, and IFN-γ in 

relation to type of malaria infection except TNF-α, which was significantly, elevated in 

subjects with P. vivax infection as compared to P. falciparum affected cases. 

 

Table.10 Comparison of mean parameters among type of malaria infection 

Parameters Infection Mean SD Median Range 
Mean 

Rank 

Kruskal 

Wallis p 

value 

IL-10 

(pg/ml) 

P.vivax 177.5 39.5 37.9 9.4-579 22.2 

0.598 P.falciparum 240.4 140.1 134.0 1.3-584.1 22.03 

Mixed 307.8 89.3 307.8 32.5-583.1 31.5 

TGF-β 

(pg/ml) 

P.vivax 84.0 12.6 86.1 63.3-103 27.2 

0.502 P.falciparum 78.6 16.3 79.0 57.5-112.6 21.94 

Mixed 77.1 30.5 77.1 55.5-98.7 19.5 

TNF-α 

(pg/ml) 

P.vivax 266.2 106.7 101.6 3.7-836.7 25.8 

0.034* P.falciparum 62.8 75.1 42.9 1-378.5 15.8 

Mixed 146.6 43.5 146.6 52.2-241 25 

IFN-γ 

(pg/ml) 

P.vivax 122.8 88.2 93.0 32.9-282.9 26.5 

0.112 P.falciparum 78.1 42.4 54.2 0.9-303.2 17.74 

Mixed 52.7 19.6 52.7 38.8-66.6 18 

Parasitic 

density (%) 

P.vivax 1.5 0.7 1.8 0.4-2.3 24.8 

0.120 P.falciparum 1.4 0.9 1.3 0.3-3.9 21.39 

Mixed 2.6 0.0 2.6 2.6-2.6 40.5 

 

Note: * significant at 5% level of significance (p<0.05) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.15 Comparison of mean parameters among type of malaria infection 
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5.4.3 Comparison of mean parameters between males and females among cases 

 

There was no significant difference in the levels of all the four inflammatory markers 

and mean parasite density between both the genders. Hence, gender was not a significant 

factor that affects the cytokine levels in malaria infected patients. 

 

Table.11 Comparison of mean parameters between males and females among cases 

 

Parameters Group Mean SD Median Range 
Mean 

Rank 

Kolmogoro

v-Smirnov 

Z 

p 

value 

IL-10 

(pg/ml) 

Male 221.1 144.1 44.6 
1.3-

584.1 
21.49 

0.926 0.358 

Female 260.7 100.3 156.5 
14.1-

583.1 
26.44 

TGF-β 

(pg/ml) 

Male 80.6 15.9 81.8 
57.5-

112.6 
23.8 

0.677 0.749 

Female 76.5 16.3 75.4 
55.5-

99.6 
20.2 

TNF-α 

(pg/ml) 

Male 137.2 84.0 49.7 1-836.7 18.79 

0.642 0.804 
Female 75.9 65.2 52.4 

22.3-

241 
19.67 

IFN-γ 

(pg/ml) 

Male 96.4 86.5 62.6 
0.9-

303.2 
21.4 

0.877 0.425 

Female 61.3 49.7 38.8 
7.7-

227.8 
15.33 

Parasitic 

density (%) 

Male 1.4 0.9 1.4 0.3-3.9 21.47 
0.877 0.426 

Female 1.8 0.8 2.0 0.9-3.3 28.35 
 

 

 

Fig.16 Comparison of mean parameters between males and females among cases 
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5.5 Correlation among parasite density and cytokines 

Correlation results have been tabulated below (Table-5). No significant correlation was 

seen among all the four cytokines with parasite load (r =0•253 & p =0.094, r = - 0•002 & 

p= 0.987, r =0•087 & p =0.569 and r =0•050 & p=0.743 respectively). 

 

Table.12 Analysis of correlation among parasite density and cytokine 

Pearson 

Correlation r 

with p-value 

Parasite 

Density (%) 

TNF-α All 

Cases 

IFN-γ All 

Cases 

IL-10 All 

Cases 

TGF-β All 

Cases 

Parasite 

Density (%) 
r =1.000 

r =0.253 

p = 0.094 

r =0.002 

p = 0.987 

r =0.087 

p = 0.569 

r =0.050 

p = 0.743 

TNF-α 

All Cases 

r = 0.253 

p = 0.094 
r=1.000 

r = 0.202 

p = 0.183 

r = -0.122 

p = 0.425 

r = 0.210 

p = 0.165 

IFN-γ 

All Cases 

r = -0.002 

p = 0.987 

r = 0.202 

p = 0.183 
r =1.000 

r = 0.230 

p = 0.128 

r = -0.030 

p = 0.844 

IL-10 

All Cases 

r = 0.087 

p = 0.569 

r = -0.122 

p = 0.425 

r = 0.230 

p = 0.128 
r =1.000 r = -0.702 

TGF-β 

All Cases 

r = 0.050 

p = 0.743 

r = 0.210 

p = 0.165 

r = -0.030 

p = 0.844 
r = -0.702 r =1.000 

 

Note: p-value < 0.05 was considered to be statistically significant. 

 

5.6 ROC analysis for studying association of parameters 

A Receiver operating curves (ROC) were generated (Figure-4) and results (Table-6) 

showed IL-10 and IFN-γ were found to be better and significant predictors of malaria 

than TNF-α and TGF-β. 

 

Table.13 ROC analysis results 

Test Result 

Variables 

Area under 

the curve 

Std. 

Error 
Sensitivity Specificity p-value 

 

TNF-α 

 

0.7956 

 

0.056 

 

82.22% 

 

20% 

 

<0.0001* 

 

IFN-γ 0.8667 0.046 86.67% 55% <0.0001* 

IL-10 0.9561 0.026 97.78% 25% <0.0001* 

TGF-β 0.6922 0.063 NA NA <0.0139* 

 

Note: * p-value < 0.05 was considered to be statistically significant 
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Figure-17: ROC analysis 
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5.7 Molecular technique for drug resistance in P.vivax 

 

Resistance of Plasmodium vivax is a primary obstacle in the fight against malaria 

Molecular markers for the drug resistance have been applied as an adjunct in the 

surveillance of the resistance. In the present study we detected mutations in pvmdr1 and 

pvdhfr genes in P. vivax parasites from the region in and around Bengaluru city and 

Vijayapur.  

 

Table.14 Molecular technique for drug resistance in P.vivax 

Total 

samples 

Antigen detection Microscopy PCR 

P.vivax Mixed P.vivax Mixed P.vivax 

600 39 02 35 02 36 

 

Extracted DNA from 41 positive samples were subjected for P.vivax specific PCR, of 

which 36 were confirmed as P.vivax by comparing the 260bp. 

 

Fig.18 P. Vivax specific PCR 
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Fig.19 pvmdr1 specific PCR 

 

 

 

 

 

 

 

 

 

 

 

Fig.20 pvdhfr specific PCR 
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5.7.1 Analysis of genetic polymorphism 

 

Analysis of pvmdr-1 gene polymorphism 

 

The pvmdr-1 gene was amplified and sequenced for all the 36 isolates (Table-). No wild 

type pvmdr-1 gene was observed in any of the samples analysed. Three non-synonymous 

mutations (T958M, F1076L, Y976F) were detected. Predominant presence of double 

mutation with T958M and F1076L (83.3%) was identified. Only single mutation (Y976F 

or F1076L) was observed in some samples. Any new mutations were not detected in 

pvmdr-1 gene. 

 

Analysis of pvdhfr gene polymorphism 

 

Among the 36 pvdhfr gene sequenced one wild type and two mutations, S58R and 

S117N were observed. Double mutant (S58R with S117N) were present in 41.6% of the 

samples and 36.1% of the samples were of wild type. There weren’t any new mutations 

detected in pvdhfr gene. 

 

Table.15 Frequency distribution of mutations in drug resistance marker genes 

(pvmdr-1 and pvdhfr) among P. vivax isolates (n=36) 

Molecular 

Marker 
Type of mutation 

Isolates 

number (%) 

pvmdr-1 

(n=36) 

Wild Type (without any mutation) 0 (0) 

Mutant (with T958M mutation) 34 (94.4%) 

Mutant (with F1076L mutation) 31 (86.1%) 

Double mutant (with T958M and F1076L mutation) 30 (83.3%) 

Double mutant (with F1076L and Y976F mutation) 1 (2.7%) 

pvdhfr 

(n=36) 

Wild Type (without any mutation) 13 (36.1 %) 

Mutant (with S58R mutation) 17 (47.2 %) 

Mutant (with S117N mutation) 22 (61.1 %) 

Double mutant (with S58R and S117N mutation) 15 (41.66%) 
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Fig.21 Nucleotide Sequence Analysis chart 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table.16 Nucleotide Sequence Analysis for pvmdr gene 

Nucleotide 

Position 

 

Genotype Variation of pvmdr 

Wild type Mutated 

3035 T C 

 

Fig.22 Nucleotide Sequence Analysis  
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In Pvmdr -1 gene changes were seen at the nucleotide GG to CA, this mutation lead to 

change of amino acid methionin to tyrosine. 

Fig.23 Pvmdr -1 gene mutation GG-CA  

 

 

 

 

 

 

 

 

 

 

 

Fig-24: Pvmdr -1 gene mutation lead to change of amino acid methionin to tyrosine 
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In Pvmdr -1 gene changes were seen at the nucleotide TT to TA, this mutation lead to 

change of amino acid phenylalanine to leucin 

 

Fig.25 Pvmdr -1 gene mutation TT-TA 

 

 

 

Fig-26: Pvmdr -1 gene mutation TT-TA leads to amino acid change from           

              phenylalanine-leucin 
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In Pvmdr -1 gene changes were seen at the nucleotide GG to CA, and TT-TA this double 

mutation lead to change of amino acid methionin to yrosine and phenylalanine-leucin 

 

Fig.27  Pvmdr -1 gene double mutation  

 

 

 

 

 

Fig-28: Pvmdr -1 gene double mutation leads to change in the amino acid sequence 
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In Pvmdr -1 gene changes were seen at the nucleotide T to A, and TT-TA this double 

mutation lead to change of amino acid tyrosine to phenylalanine and phenylalanine to 

leucin. 

Fig-29: Pvmdr -1 gene 2nd double mutation T-A and TT-TA 
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Fig-30: Pvmdr -1 gene 2nd double mutation changes amino acid sequence tyrosine to               

             phenylalanine and phenylalanine to leucin 
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In Pvmdr -1 gene changes were seen at the nucleotide A to G, mutation lead to change of 

amino acid sequence aspergine to serine. 

 

Fig-31: Pvdhfr gene mutation A-G 

 

 

 

Fig.32 Pvdhfr gene mutation changed amino acid sequence aspergine to serine 
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Table.17 ELISA readings of IL-10, TGF-β, TNF-α, IFN-γ cytokines in cases  

Cases 
Age 

&Sex 

Malaria 

species 
IL-10 TGF-β TNF-α IFN-γ 

Parasitic density 

in percentage (%) 

S-1 28/M PV 211.3 112.6 117 163.4 1.75 

S-2 24/M PV 13.51 81.34 30.41 0 0.25 

S-3 32/M PF 9.383 87.18 47.08 71.75 0.85 

S-4 16/F PV 31.13 99.59 82.21 22.69 3.25 

S-5 32/M PV 15.42 86.68 74.3 55.41 3.90 

S-6 26/M PV 8.765 88.31 0 0 0.40 

S-7 55/M PF 19.79 93.51 468.4 179 2.2 

S-8 18/M PV 4.856 94.5 0 0 0.35 

S-9 40/M PV 3.395 105.9 0 49.45 2.6 

S-10 36/M PV 8.126 79.01 26.95 57.21 2.1 

S-11 18/M PV 17.86 88.11 0 0 0.45 

S-12 27/F PV + PF 32.5 98.68 241 66.57 2.55 

S-13 29/M PF 19.31 85.09 734.9 82.04 1.85 

S-14 42/M PV 11.64 88.3 1.018 22.56 1.05 

S-15 50/F PV 0 89.49 0 0 0.95 

S-16 40/M PF 44.55 92.2 836.7 72.58 2.15 

S-17 27/M PV 1.282 100.7 0 258.9 1.35 

S-18 30/M PF 58.61 103 256.3 282.9 1.55 

S-19 23/M PF 31.27 88.51 59.31 32.88 0.35 

S-20 21/M PV 14.72 98.9 12.76 0.94 0.30 

S-21 19/M PV 20.84 74.13 0 0 1.30 

S-22 26/M PF 25.35 79.18 118.4 33.75 1.80 

S-23 32/M PV 7.546 106.4 0 1.938 0.55 

S-24 25/F PV 14.06 79.79 79.13 7.72 1.15 

S-25 43M PF 579.0 63.47 3.710 112.0 2.25 

S-26 31/M PV 456.5 60.66 16.64 19.97 0.9 

S-27 25/F PF 509.3 84.34 52.40 104.0 1.85 

S-28 39/F PV+ PF 583.1 55.53 52.22 38.81 2.6 

S-29 18/M PV 260.4 57.50 27.38 29.44 0.55 

S-30 30/M PV 582.1 58.51 26.75 105.8 1.15 

S-31 41/M PF 478.5 63.31 84.78 256.9 0.45 

S-32 27/F PV 534.3 59.60 75.06 53.42 0.85 

S-33 23/M PV 584.1 65.08 36.41 29.17 2.85 

S-34 46/M PV 499.4 60.33 158.1 303.2 1.55 

S-35 24/M PV 521.2 81.84 87.59 57.86 1.35 

S-36 19/M PV 534.9 62.75 45.30 144.4 0.40 

S-37 23/F PV 93.50 66.90 42.89 9.074 2.15 

S-38 27/M PV 568.9 61.84 25.74 54.24 1.45 

S-39 36/F PV 156.5 70.95 22.32 227.8 0.9 

S-40 25/M PV 517.6 61.26 63.81 88.46 2.20 

S-41 43/M PV 111.4 64.99 6.779 54.20 1.3 

S-42 18/M PV 476.6 68.13 52.29 185.20 0.65 

S-43 34/M PV 550.5 83.15 378.5 67.43 1.7 

S-44 25/M PV 468.9 75.68 44.83 17.59 2.55 

S-45 18/F PV 391.5 60.27 35.83 21.28 2.05 
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Table.18 ELISA reading of IL-10, TGF-β, TNF-α, IFN-γ cytokines in control 

 

Controls  
Age 

/sex 

IL-10 

(4.9 pg/ml) 

TGF-β 

(0 pg/ml) 

TNF-α 

(4.9 pg/ml) 

IFN-γ 

(5.5 pg/ml) 

C-1 25/F 4.105 61.72 16.24 0 

C-2 19/F 2.741 69.27 10.63 0.459 

C-3 23/F 4.532 63.27 0 4.319 

C-4 28/F 0.9 68.92 6.297 0.314 

C-5 17/F 3.671 64.45 8.416 0 

C-6 32/M 0 85.35 0 2.641 

C-7 29/M 2.56 63.02 0 0 

C-8 23/M 1.83 61.82 6.335 0 

C-9 31/M 0 74.01 7.205 0.97 

C-10 28/M 0 65.96 4.734 1.482 

 

 

Healthy controls were selected based on normal values of CBC and CRP tests. 
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6. Discussion: 

 

6.1 Incidence: 

 

The present study investigated the incidence of malaria infection in two regions 

of South India from June 2016 to December 2019. We evaluated for the plasmodium 

species by microscopy, RDT and PCR methods. The incidence rate of mono (P. vivax or 

P. falciparum) and mixed infections in the two regions analysed was considerably 

different. The epidemiology of the malaria infections and identification of the specific 

plasmodium species prevalent in any specific geographical regions is very important as 

this knowledge helps in optimal policy measures to be initiated for effective prevention 

of the infections in these regions.  

 

Majority of the malaria infection in India are reported to be caused by P. vivax. 

The proportion of P. vivax and P. falciparum infection in India is reported to be 76:24,1 

which is broadly consistent with the observations from this study. A variation in the 

prevalence of both the species in India is also reported. One study in 2007 reported an 

equal prevalence of P. falciparum and P. vivax.2 An extensive study conducted by Siwal 

et al., in 2018, from 11 different endemic regions across India reported a 45 % 

prevalence of P. vivax, 42 % prevalence of P. falciparum and 13% prevalence of mixed 

infection. In contrast in this study, our observations from two regions of South Karnataka 

suggest a higher prevalence rate (69 to 80%) of P. vivax relative to P. falciparum.  

 

Difference in the environmental conditions and host factors may account for such 

difference observed. P. falciparum is predominantly high in eastern, north-eastern and 

central regions of India while in Delhi, Uttar Pradesh, Gujrat and Tamil Nadu state 

prevalence of P. vivax is predominant. While in some states such as Assam and Madya 

Pradesh either of the species are equally prevalent.1 In India as per WHO report and few 

other epidemiological studies, Orissa state is the major hub for malaria and is often 

considered as the epicentre for malaria infection in India.3-5 The Orissa state also has 

high diversity in the prevalence of plasmodium species and as well as incidence of drug-

resistant malaria.6-8  

 

In Karnataka state, Mangalore is a highly endemic region for malaria,1,9  with a 

46.5%, 37.6% and 15.8% prevalence rate of P. vivax, P. falciparum and mixed infection 

respectively. To the best of our knowledge our study is the first to report a prevalence 
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rate of P. vivax, P. falciparum and mixed infection in Bengaluru and Vijayapura regions 

of Karnataka. This is important as adequate and reliable published literature about the 

prevalence of malaria in regions other than Mangalore in Karnataka state are lacking.1 

The overall prevalence rate of P. vivax, P. falciparum and mixed infection in Bengaluru 

and Vijayapura regions despite being geographically separated by 530 km distance was 

similar, but was considerably different from the Mangalore region. Prevalence of mixed 

infection is higher in the middle and southwest coastal parts of India.1 In a similar 

multicentre study from India 13 % prevalence rate of mixed infection was reported.1 

However in our study the prevalence rate of mixed infection was very low (5 to 8%)  

Mixed Infections are also reported from malaria endemic tropical countries such as 

Thailand, Papua New Guinea and Cambodia.10-12 Treating malaria in the presence of 

mixed infections is always challenging and is highly relevant to countries like India 

where mixed infections contribute to a high proportion of severe malaria cases.13-16 

Majority of the malaria infection (80 %) were observed during the monsoon season (June 

to September) and increased rates of malaria incidence are reported from Mangalore and 

other regions across India during the monsoon season. Hence in this study the data was 

collected  including the monsoon season. 

 

Among the malaria infections caused by two predominant parasites P. vivax and 

P. falciparum in India, vivax malaria accounts for more than 53% of the estimated cases 

and continues as a substantial health and economic burden in the country.17, 18 The present 

study shows the higher incidences of P. vivax malaria (73%) over P. falciparum cases 

(22.2%) in the study regions. State National Vector Borne Disease Control Programme 

had earlier reported the very low slide positivity reflecting the very low transmission 

rates in 2008-2014 in Karnataka state. 19 

 

6.2 Age and sex distribution: 

 

In the present study of the 45 blood samples, positive for malaria infection, 35 

(77.8%) cases were males and 10 (22.2%) cases were females. Male predominance was 

noted. Similar findings are reported in another study were P.falciparum malaria was 

profound in males than female.20-22  Gender  norms and values that influence the division 

of labour, leisure patterns, sleeping arrangements and outdoor activities may lead to 

different patterns of exposure to mosquitoes for men and women. The division of labour 

as a result of gender roles may play a significant part in determining exposure to 
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mosquitoes. However very few studies have been conducted to specifically look in this 

aspect. 

 

The common age group affected among males was 26-30 years and 21-25 age 

group among females. This is consistent with the observation that malaria incidence is 

higher in young adults because of their outdoor activities and mobility.23   

 

A similar study was conducted with total of 320 suspected malaria patients were 

tested using light microscopy and the malaria RDT. The male-to-female ratio was 1.3:1. 

The age range of study participants was from 6 to 53 years and majority of positive cases 

166 (51.9%) were between 15 to 45 years age group. Most of the study participants 227 

(70.9%) were from the rural areas of the district. The age groups 15–45 (OR = 2.2, 95% 

CI = 1.0–4.3) and above 45 years old (OR = 2.1, 95% CI = 1.0–4.1) were more likely to 

be malaria positive using microscopy.24 

 

6.3 Microscopic Examination: 

 

The gold standard for laboratory diagnosis is microscopic detection and 

identification of Plasmodium species in Leishman's-stained thick blood films (for 

screening the presence malaria parasite) and thin blood films (for species 

confirmation).25 The simplicity, low cost, capacity to identify the presence of parasites as 

well as infecting species, and estimate parasite density, make this method to be widely 

used in all the laboratories across the world. 

 

 Microscopic examination of the 600 samples revealed, 45 to be positive for 

malaria. Of the 45 malaria positive cases, 33 (73%) were caused by Plasmodium vivax, 

10 (22.2%) by Plasmodium falciparum, and 02 (4.4%) by mixed infection (P. vivax + P. 

falciparum). In a similar study done in Mangaluru, The proportion of cases with severe 

malaria, were 3.2%, 4.1%, and 4.9% of cases with vivax malaria, mixed-species 

infection, and falciparum malaria, respectively.26  

 

 Amongst 320 blood samples, parasite positivity using light microscopy was 

41 (12.8%): 16 (5.0%) for P. falciparum, 20 (6.2%) for P. vivax and 5 (1.6%) for mixed 

infections.24  A study showed that conventional malaria microscopic diagnosis at primary 

healthcare facilities in Tanzania could reduce the prescription of antimalarial drugs, and 

also appeared to improve the appropriate management of non-malarial fevers.27   
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6.4 Study of Parasitemia: 

 

In our study, the mean parasitic density in terms of percentage was found to be 

1.48 ± SD 0.88. However, we could not see any differential changes in the parasite 

density among infection types and between genders. Similar findings have been reported 

by others, parasitemia levels in the mild malaria (MM), severe noncerebral malaria (SM) 

and cerebral malaria (CM), ranged from 0.1%t to 7.50%. In complecated malaria in 3 

patients were abnormally high.(20.25%, 25.5%, and 60%,  respectively). Malaria on the 

other hand, is not a disease that may be contracted. There was no link between severity, 

age, or gender and blood degree of parasitemia.  

 

6.5 Antigen detection by RDT:  
 

Malaria rapid diagnostic tests (RDT) based on the immunochromatographic 

principle were done using the SD BIOLINE Malaria P.f/Pan kit to detect the presence of 

malaria specific antigen in the plasma of research participants. 

 

Of the 51 malaria positive cases 39 (76.47%) were caused by P. vivax, 10 

(19.60%) by P. falciparum, and two (3.92%) were mixed infection (P. vivax + P. 

falciparum). A similar study was conducted to analyse the detection of HRP-2 and 

pLDH, the overall parasite positivity was 43 (13.1%): 19 (5.6%) for P. falciparum, 19 

(5.9%) for P. vivax and 5 (1.6%) for mixed infections.24  

 

6.6 Cytokine analysis: 
 

The balance in the inflammatory and immunological responses especially, 

between the pro- and anti- inflammatory cytokines in the host is needed for protection 

against malaria and parasite clearance. In the present study, we found significantly 

elevated levels of both pro- and anti-inflammatory cytokines indicating the active host 

immune responses towards parasite growth. A study on murine and human models has 

shown the inverse correlation between TGF-β, an anti-inflammatory cytokine and 

malaria severity.29 Plasma levels of TGF-β in the subjects of present study could 

possibly explain its contribution for the balance between inflammatory marker levels. 

A study from Brazil reported the higher levels of interleukin-10 (IL-10) and an 

elevated IL-10/TNF-α ratio in the plasma of symptomatic vivax malaria patients 

compared to falciparum or mixed-species malaria patient groups.30  In contrast, 

though we observed an increase in the levels of IFN-γ, TNF-α, IL-10 and TGF-β in 

both types of malaria infections but, except TNF- α, we could not see any significant 
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differences in the levels of other three cytokines between P. vivax and P. falciparum 

malaria patients. However, in our study, sample size of falciparum cases (n=10) are 

not matching with that of vivax malaria cases (n=33), hence, provided the matching 

sample size in both the groups cytokine profiling outcome would reveal different 

pattern of results. 

 

Clearing malarial parasites without inducing major host pathology requires a 

finely tuned balance between inflammatory and regulatory cytokine responses, whose 

timing and magnitude is crucial in determining out come in a malaria patient.31  Early 

production of tumor necrosis factor-α (TNF-α), interferon (IFN-γ), interleukin-6 (IL-6), 

interleukin-12 (IL-12) and other inflammatory cytokines allows fast P. falciparum 

clearance.32-34 Once parasitemia is under control, regulatory cytokines such as IL-10 and 

transforming growth factor-β (TGF-β) are required to reduce the risk of severe disease.35-

37 

 

6.7 Drug resistance: 
 

The emergence of drug resistance in malaria can significantly impair the public 

health efforts in disease management. It is essential that drug resistance in malaria in 

specific geographical region has to be continuously monitored. This study reports SNPs 

in both pvmdr-1 and pvdhfr gene in two regions i.e., Bangalore and Vijayapura of 

Karnataka, South India. Mutations in pvmdr1 and pfdhfr genes are previously reported to 

be associated with chloroquine (CQ) and Sulfadoxine /pyrimethamine (SP) resistance. 

Drug resistance to CQ is reported in P.falciparum 38 and P. vivax species.39,40,41  

Detection of SNPs in drug resistance genes is well documented method to know drug 

resistance in circulating parasite among infected population. Our study focuses on 

detecting SNPs in P.vivax and pvmdr-1 gene and pvdhfr gene. Few studies have also 

reported the emergence of resistance to antifolate drug SP among P. vivax infections in 

India and other countries.42-44  

 

6.7.1 SNPs in pvmdr-1 gene: 
 

In our study, majority of the P. vivax isolates had mutations in T958M (94.4%) 

and F1076L (83.3%) region. One isolate had mutation in Y976F (2.7%) region. Similar 

frequency of mutations in T958 M, F1076L Y976F was also reported previously from     

Mangalore region of Karnataka State, India.45 Our observations are also consistent with 

Vamsi et al .2019 who reported similar SNPs in P. vivax from 4 different states across 



Discussion 
 

Page | 123  
 

India (Puducherry, Mangaluru, Cuttack and Jodhpur).46  However some previous studies 

from India have observed mutations in Y976F.47,48 This inconsistency perhaphs reflects 

emerging nature of mutations in Y96F, which warrant detailed investigation in future. 

Although the predominant haplotypes evaluated in our study (T958M, F1076L), are 

commonly reported in all the previous studies from India,45-48 additional ten different 

haplotypes, including two novel mutations and K10 insertions was reported by one 

study.49 However we did not observe any novel mutations in our study. K10 insertions 

and Y96F mutations were reported to correlate with CQ resistance in studies from 

Thailand and Indonesia.50  Mutations in pvmdr-1 and variations in gene copy numbers 

are commonly observed in low to high level of CQ drug resistance.43,51,52,53 However 

single gene copy number is not significantly associated with drug resistance while 

multiple copy number are clearly associated with treatment failure.54,55 Consistent with 

this in the present study we did observe multiple SNPs in the pvmdr-1 gene indicating 

prevalence of potential resistance to CQ in Bangalore and Vijayapura regions of 

Karnataka, South India.    

 

6.7.2 SNPs in pvdhfr gene: 
 

In this study, apart from CQ resistance, we also looked for resistance to 

antifolates in P. vivax infection by analysing mutations in pvdhfr gene. Single, double 

and quadruple mutants in pvdhfr gene was previously reported in Indian subcontinent.42  

Consistent with these previous reports, our study also observed wild type and single type 

mutations in S58R and S117N amino acid positions of dhfr genes. The double mutation 

frequency in our sample sets correlates with other studies from India.42,56 In cases of P. 

vivax infection, resistance is due to slow clearance of SP and are often associated with 

mutations (S58R  and S117N) in dhfr gene.42,53 No novel mutations were observed in our 

study, which was in contrast to a study from another region of Karnataka state reporting 

novel mutation in K55R in combination with S58R and S117N.56 While quadruple 

mutations were associated with high-level resistance,42 in our study, only wild type, 

single and double mutations were observed suggesting prevalence of only milder level of 

resistance despite the detection of mutation in pvdhfr gene. The mutations observed in 

this study may also suggest that the development of resistance in our geographical region 

may be at an early evolution phase. This warrants necessary and immediate intervention 

to prevent development of high-level resistance in near future. One of the major 

limitations of this study is not evaluating the gene copy numbers and clinical outcome in 
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the patients, which was due to lack of necessary resources limiting our analysis to only 

one gene each associated with CQ (pvmdr-1) and SP (pvdhfr) resistance. 

 

6.8 Comparison of Microscopy, RDT and PCR for the detection of Malaria  

 

This study also compared the merit of three different diagnostic methods i.e., 

Microscopy, RDT and PCR for the detection of Malaria. Genotypic detection of 

plasmodium species is performed by PCR as the results from PCR are highly accurate. In 

a multicentric study by Siwal et al.,2018 PCR method detected approximately 3 % 

higher cases than microscopy, including misdiagnosis of many mixed infection.57 In our 

study as well, one mono-infection case of P. falciparum was detected as mixed infection 

by PCR though this rate is comparatively much lower than that reported by other studies. 

The factors which influence detection under microscopy are: the time of blood sample 

collection, the abundant presence of different stages of P. falciparum and P. vivax, and 

morphological forms gametocytes of P. vivax and P. falciparum.58, 59  

 

In RDT method P. falciparum and P. vivax was detected by targeting histidine 

rich protein 2 (hrp2) and lactate dehydrogenase protein (ldh) respectively.  

 

Mutations and deletions are common phenomenon observed in Pfhrp-2 gene 

which can lead to misdiagnosis in RDT method.60 PCR method detects both mono and 

mixed infection that otherwise would be overlooked by conventional methods such as 

microscopy or RDT method. Nevertheless, under-resourced conditions, the microscopy 

method seems to have an advantage over the RDT or PCR based methods. Limitations of 

the study include financial constraints which limited us to perform PCR only on 41 

samples among 600 blood samples collected. 
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7. Summary and Conclusion 

 

7.1 Summary: 

 

• Prevalence of P. vivax, was 73%(33),  P. falciparum 22.2% (10) and 4.4% (02) 

were of mixed infection (P. vivax + P. falciparum) by microscopic methods.  

• Amongst malaria positive cases by antigen detection by RDT, 76.47% (39) were 

caused by P. vivax, 19.60% (10) were P. falciparum cases and 3.92% (02) were 

of mixed infection (P. vivax + P. falciparum). 

• Thirty five (77.8%) cases were males and ten (22.2%) were females. Male 

predominance was noted. 

• The mean parasitic density in terms of percentage was found to be 1.48 ± SD 

0.88. 

• Significantly elevated levels of both pro- and anti-inflammatory cytokines 

indicating the active host immune responses towards parasite growth was noted 

in ELISA readings. 

• P. vivax isolates had mutations in pvmdr-1 gene T958M (94.4%) and F1076L 

(83.3%) region. One case had mutation in Y976F (2.7%) region. 

• Wild type and single type mutations in S58R and S117N amino acid positions of 

dhfr genes were observed 

 

7.2 Conclusion: 

 

To conclude, our study shows that both the patient groups infected with P. 

vivax and P. falciparum had significantly elevated plasma concentrations of IL-10, 

TNF-α, IFN-γ and TGF-β compared to healthy controls. This suggests involvement of 

these inflammatory cytokines in the mounting of active immune response towards 

infection. However, except TNF-α, there was no significant difference in the 

inflammatory markers between infection types. Malaria cases in the present study 

were from non-endemic regions in Karnataka State and further studies are needed to 

understand the role of parasite and host genetic diversities, their association with 

disease severity and other  complications of the disease. 

 

 

 

 



Summary and Conclusion 
 

Page | 133  
 

 

 

The present study detected the presence of SNPs in both pvmdr-1 and pvdhfr 

gene in the selected geographical area. The frequency of mutations in these genes does 

not indicate the development of complete resistance to chloroquine and sulfadoxine-

pyrimethamine in P. vivax. However, few SNPs detected in both genes may suggest 

probably early phase of resistance development. Hence continuous monitoring of drug 

resistance to antimalarial drugs is essential for adopting optimal public health measures 

and avoiding development of complete resistance in future. 

 

7.3 Limitations of the Study 

 

The major limitations in the present study was the partial collection of clinical 

data: the follow up of patients was also not performed to check their clinical outcome, 

severity of disease was not determined and biochemical and haematological 

investigations reports were not collected, categorization of samples into symptomatic 

or asymptomatic and lack of recording of the exact timing of infection during sample 

collection. 

 

7.4 Future Prospective 

 

Isolation of pure parasite material may be usefull for drug resistance studies and 

vaccine preparation 
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CONSENT FORM 

 

Title of the project: Cytokine Analysis and Drug Resistance Associated Genetic 

Polymorphism in Plasmodium vivax. 

 

 

 

Participant’s name:                                                 Address: 

 

 

The details of the study have been provided to me in writing and explained to me 

in my own language. I confirm that I have understood the above study and had the 

opportunity to ask questions. I understand that my participation in the study is voluntary 

and that I am free to withdraw at any time, without giving any reason, without the 

medical care that will normally be provided by the hospital being affected. I agree not to 

restrict the use of any data or results that arise from this study provided such a use is only 

for scientific purpose(s). I fully consent to participate in the above study. 

 

 

Signature/ thumb impression of the participant:   _______ Date: __________ 

Signature/ thumb impression of the witness:        _______ Date: __________ 

Name and address of the witness:                         _______ Date: __________ 

Signature of the investigator:                             _________ Date: _________ 
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PROFORMA FOR COLLECTION OF SAMPLE 

NAME OF THE PATIENT:                                        AGE: 

SEX:                                                                             OCCUPATION: 

 IP/OP NO:                                                                    DOA: 

 ADDRESS:                                                                  PHONE NO: 

 

HISTORY OF THE PATIENT 

• Date of onset of symptom :  

• Date of sample collection 

• Clinical findings : Fever (Since how many days) : 

•  Nausea and vomiting :  

•  Headache :  

• Patients on any antimalarial drugs: 
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