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  ABSTRACT 

INTRODUCTION 

Establishing highly sensitive, affordable diagnostic test covering all 

species of malaria is needed in countries like Pakistan that has significant 

prevalence of this disease. Conventional tests, like microscopy are widely 

used but it has certain performance related limitations. Rapid diagnostic 

tests (RDTs) for plasmodium have not achieved greater sensitivity than 

microscopy. Polymerase chain reaction (PCR) based methods have 

shown lot of promise and these are replacing microscopy as gold 

standard. 

OBJECTIVES 

To establish a real time PCR for malaria diagnosis and to compare its 

accuracy with microscopy and an antigen based RDT.  

STUDY DESIGN AND SETTING 

This cross sectional analytical study was conducted at Military Hospital 

and Armed forces Institute of Pathology Rawalpindi, Pakistan from 

January 2011 to December 2011. 

SUBJECTS 

The study included 300 clinically suspected patients of malaria. 
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METHODS 

Venous blood sample from each patient was tested for malarial parasite 

by microscopy and antigen detection assay (OptiMal). Parasite index was 

calculated. Plasmodium genus specific in house real time PCR, on all 

specimens was performed targeting small subunit rRNA gene. Diagnostic 

accuracy of three tests were compared and cost analysis done. 

RESULTS 

Out of 300 patients malaria parasite was detected in 110, 106 and 123 

patients by microscopy, OptiMAL and PCR respectively. Real time PCR 

was 100% sensitive while microscopy and OptiMal had sensitivity of 

89.4% and 86.2% respectively. All methods were 100% specific. The cost 

per test was 0.2, 2.75 and 3.30 US$ by microscopy, OptiMal and PCR 

respectively, excluding the once capital cost on PCR equipment. 

Conclusion: 

Real time PCR for diagnosis of malaria was successfully established. 

The technique is highly sensitive and affordable. It is recommended to be 

incorporated in the diagnostic algorithm for malaria in Pakistan. 

Key Words: Malaria, Microscopy, Rapid Diagnostic Tests (RDTs), 

Polymerase Chain Reaction (PCR). 
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INTRODUCTION 

Malaria remains the most prevalent and important disease worldwide. An 

estimated 3.3 billion people are at risk in about 106 endemic countries in 

Africa, Asia and Latin America. There were 216 million reported cases of 

malaria and estimated 655,000 deaths in 2010.1 Pakistan is among the 

countries where malaria continues to be a health issue .2 It is the second 

most prevalent and devastating disease, which accounts for 6% of all 

outpatient attendances and 18% admissions in the hospital.3  The annual 

parasite incidence (API) is 0.75 / 1000 population, but  in rural areas 12% 

of the people are asymptomatic carrier of the parasite4.One of the key 

strategies for global malarial control is its prompt and effective diagnosis. 

This not only provides early treatment, but also helps in disease control 

and transmission.5 

Microscopy has been the main stay of malaria diagnosis for more than 

100 years. This time honoured technique is an inexpensive, simple and 

cheap method for malaria diagnosis. It can identify as well as quantify the 

malaria parasites. However the method is labour intensive and requires  

trained microscopist.6 The role of light microscopy as gold standard has 

been questioned because its sensitivity fluctuates at low parasite levels 
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(< 100 Parasites / µl) and species identification in mixed infection is 

sometimes difficult to pick.7 

In recent years, the need for a simple and reliable diagnostic method has 

led to the development of immunochromatography based rapid 

diagnostic tests (RDTs). These detect plasmodium antigen or enzymes 

and the newer improved RDTs can separate P.falciparum and non 

P.falciparum species.8 These are found useful in the remote endemic 

areas as non skilled health workers can easily perform these rapid tests. 

However, the studies have shown wide variations in their sensitivity.9 

RDTs do not offer improved sensitivity over microscopy. Their sensitivity 

decreases as parasitic index fall below 200 parasites / µl.10 RDTs are 

expensive and false positive results are not infrequent.  

Since 1980s various molecular methods have been introduced for the 

diagnosis of malaria.The conventional nested and semi nested PCR 

techniques have now been replaced by real time PCR. The target is 

usually genus specific small-subunit 18S ribosomal ribonucleic acid 

(rRNA) gene of the parasite11. The earlier PCR methodologies were time 

consuming, technically difficult and contamination was frequent. Real 

time PCR is simple and quick to perform. It can quantitate the parasite 

and risk of contamination is minimal12. 
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PCR technique for the diagnosis of malaria is more sensitive than 

microscopy as it can detect <5 parasite/ul. Species identification is also 

possible and mixed malarial infection is better detected by this 

methodology13. However, PCR technique is expensive, requires 

infrastructure support and skilled technologists. 

We undertook a study, to develop an indigenous real time PCR for the 

diagnosis of malaria and to compare its accuracy with microscopy and 

rapid diagnostic test. This study is expected to form the basis of 

recommendation for incorporating PCR in diagnostic algorithm applicable 

to present health care structure of the country, with an aim of utilizing 

more accurate test for specific and earlier treatment of malaria. 
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REVIEW OF LITERATURE 

 

Historical Background 

Malaria is an ancient disease. In history the record of classical periodic 

fevers has been described as early as 2700 years BC in China.14 

Hippocrates has written at length about this disease in fifth century   

BC.The evidence of malaria has been found in Egyptian mummies and 

Roman empire used to practice control measures against the disease by 

the sixth century AD.The disease association with stagnant waters and 

marshy areas was recognized quite early and the name  “mal’aria” which 

means bad air was given in 18th century in Italy. The disease was quite 

prevalent during dark ages in Europe but now it has been successfully  

eradicated there.15 The first significant scientific discovery came in 1880 

when the malarial parasite was first seen under the microscope in the red 

blood cells by Charles Louis Alphones Laveran a French army doctor 

working in Algeria.16 Soon afterwards different malarial species were 

recognized and staining was developed.Sir Ronald Ross a British army 

medical officer working in India in 1897, discovered that malarial parasite 

is transmitted by mosquito bite. He isolated malarial parasite from the 

salivary glands of the mosquito .17 For this discovery, Ross was awarded 
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nobel prize in 1902. Later an Italian microbiologist Giovanni Bateista 

Grassi and his colleagues showed that  Anopheles mosquito is the only 

vector for transmission of malaria in humans and they also described 

various stages of development of parasite in mosquito.14 In 1947 Henry 

Shortt and Cyril Garnham recognized the liver stage of  schizogony  

which precedes the development of parasite in the blood.17 Wojceiech 

Krotoski, an American clinician discovered that stages of P.vivax in the 

liver could remain dormant for months.14 The cinchona tree bark grown in 

Peru was used for the treatment of malaria with good effect. It was 

included in London pharmacopia in 1677 but the active ingredient quinine 

was extracted in 1820.18 Chloroquine was discovered in 1940 but global 

resistance is reported since 1980s. In 1970 Chinese scientist Tu Youyou 

discovered Artemisinin which is widely used now in combination with 

other antimalarials for the treatment of malaria.19 However effective 

prevention and development of a malarial vaccine is still an elusive goal 

of research. 

 

 

 

 



9 
 

Epidemiology 

Malaria is an endemic disease across many parts of the globe. Tropics 

and sub tropical regions are mostly affected. Much of the Africa and 

many parts of the Asia account for the majority of the patients (Figure 1). 

The disease worldwide is mostly prevalent in children under the age of 15 

years. Repeated infections and malnutrition in African countries 

predisposes the children to fatal malaria, which causes approximately 

65% of deaths.20 Another high risk group is the pregnant ladies which 

account for up to 200,000 deaths annually.21 The situation in these areas 

has improved over the years with increasing funds for malaria control 

program. There is now a gradual fall of 17% globally from 2000 to 2010.1 

 According to World Health Organization (WHO), Pakistan is a malaria 

endemic country falling in the Eastern Mediterranean Region (EMR) 

where more than one million malaria cases are registered annually. Out 

of these, about 28% cases are due to P.falciparum.1 Districts and 

agencies of Baluchistan and Federally Administered Tribal areas (FATA) 

bordering Afghanistan and Iran, share 37% of the total national malaria 

burden (Figure 2) and have shown annual parasite incidence (API) 

greater than 4.5 / 1000 population consistently. P. falciparum and P.vivax 

are the only prevalent species of malaria in this country. However, 
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malaria caused by P.vivax is common (> 74%).22, 23 P.vivax has also 

shown marked polymorphism with extensive allelic variation while 

majority of P.falciparum isolates show monoclonal infection.24,25 Twenty 

four species of Anopheles are known to occur in Pakistan. Anopheles 

culicifacies is the primary vector active in rural areas and Anopheles 

stephensi is incriminated to be responsible for urban transmission. Out of 

the five known sibling species A, B, C, D and E of Anpheles culicifacies; 

A and B have been reported in this region.26 The resistance of 

P.falciparum to chloroquine ranges from 30-84%. 

The Malarial Parasites 

 Malarial parasites are eukaryotic single cell microorganisms that belong 

to the genus Plasmodium (Phylum Apicomplexa) that mainly infects 

different animal species. However, out of approximately 100 species of 

Plasmodium only five are of medical importance to human beings under 

natural conditions. These are Plasmodium falciparum, Plasmodium vivax, 

Plasmodium ovale, Plasmodium malariae and Plasmodium knowlesi.27 

These Plasmodium species differ from each other in their global 

distribution, pathogenesis, morphology and clinical pattern. 
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Figure 1: Geographical distribution of malaria.28 
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Figure 2: Distribution of malaria in Pakistan.1 
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Potentially fatal malaria is most often caused by P. falciparum which is 

prevalent all over the world. It infects red cells of all ages but does not 

have persistent liver forms. Drug resistance is encountered with 

P.falciparum and complications/ deaths are frequently seen in African 

children.29 It is also under reported in most parts of the world. P. vivax is 

the most widespread malarial parasite which usually causes benign 

tertian malaria. It infects reticulocytes only but may cause relapse from 

persist liver forms and serious complications are infrequent. Drug 

resistance is reported with P.vivax malaria.  

P. ovale is the least common malaria parasite mostly restricted to West 

Africa. Like P. vivax it infects reticulocytes and relapses from liver 

hypnozoites are seen. Drug resistance and complication are not reported. 

P. malariae is found worldwide, but malaria due to this species is 

reported less frequently. P. malariae infects mature red blood cells and 

usually causes fever after 72 hours; a pattern called quartan malaria. 

Complications are infrequent and drug resistance is not reported .27 P. 

knowlesi is the latest malarial species discovered which is infective to 

humans. It is mainly reported in few patients from South East Asia. It 

causes a fever pattern called quotidian. P. knowlesi causes few 

complications but it is sensitive to antimalarial drugs.30 
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The vector for transmission of malaria in humans is female Anopheles 

mosquito. The male Anopheles mosquito requires fruit juices for its 

development but the female requires blood meal for the maturation and 

laying down of eggs.There are several hundred species of Anopheles 

mosquito but only  about 30 are of medical importance. 
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Life cycle of malarial parasite 

In the life cycle of Plasmodium the female anopheles mosquito is a vector 

as well as a definite host. Life cycle consist of an asexual and sexual 

stage. Asexual stage is called schizogony as parasite divide by division 

and it occurs in liver and erythrocytes. Sexual stage is called sporogony 

in which maturation and fertilization of gametes occur in the mosquito 

(Figure 3). 

Tissue schizogony (pre-erythrocytic schizogony) 

The asexual phase or schizogony begins in humans with the bite of 

infected mosquito that injects sporozoites from its saliva into the blood, 

which later enter the hepatocytes.31Only few sporozoites escape 

phagocytosis in the blood and invade the hepatocytes by mechanism not 

fully understood.32The sporozoites bind to heparin sulphate 

proteoglycans on the hepatocytes through their thrombospondin 

domains. These domains are carried on the circumsporozoite and 

thrombospondin-related proteins.33 After multiple nuclear divisions with 

increase in cell size, cell segmentation occurs and sporozoites 

differentiate into merozoites.This phase takes about 5 to 15 days. 

Merozoites are released from the hepatocytes after maturation and they 

do not reinfect the hepatocytes. Each red blood cell (RBC) is invaded by 

a single merozoite by a process called invagination .34 Hepatocyte-
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derived merosomes play an important part in the release of merozoites 

as well as protect them from the host phagocytes .35 The time interval 

from entry of the sporozoite in the body and appearance of merozoites in 

the blood after completing the tissue phase is called prepatent period and 

it varies with different malarial species. 

Erythrocytic schizogony 

The merozoites released from the liver enter the red blood cells through 

the glycophorin molecules on their surface. Once in the RBC the 

merozoite changes its shape and cytoplasm is pushed to the side and 

nucleus to one pole. There is a central vaculation and this delicate 

structure is called ‘ring form’. The parasite shows active metabolism by 

utilizing glucose and host haemoglobin.The residual haemoglobin leaves 

a golden brown pigment called malarial pigment.36 This pigment can be 

seen in the parasite as well in the reticuloendothelial cells which is so 

characteristic of malarial infection. The ring form also called early 

trophozoite grows in size without division and becomes late trophozoite. 

As soon as nuclear division starts it becomes a schizont.  Each smaller 

nucleus inside it is surrounded by a delicate cytoplasm, forming 

merozoite. The number of merozoites in a mature schizont ranges from 8 

to 24 depending upon the species.The schizont ruptures and the 
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released merozoites repeat the cycle by invading new RBCs. The 

schizont and the rupture of red cells release pyrogens responsible for 

characteristic periodic malarial fever.37 Some of the merozoites in the 

RBC develop into gametocytes after variable cycles of schizogony. This 

differentiation takes place in internal organs.38 Female gametocytes are 

larger (macrogamete) than male microgametocytes. 

Sexual phase in the mosquito (sporogony) 

With the ingestion of blood from the infected person the gametocytes 

enter the stomach of the mosquito. The male gamete divides and 

exflagelates while the female gamete matures without division. 

Fertilization of female gamete occurs by the male gamete and zygote is 

formed. It acquires motility and is called ookinete. It penetrates the 

intestinal epithelium and settles at the basement membrane forming 

oocyst. It matures and its nucleus undergoes multiple divisions to form 

sporozoites. This maturation of oocyst is influenced by Pfs230; a gamete 

surface antigen.39 As the oocyst increases in size it eventually ruptures 

into the haemocele of the parasite. The released spozoites are carried to 

the salivary glands. The mosquito now becomes infective and the life 

cycle is repeated again with its bite to a new individual. 
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Figure 3: Life cycle of Plasmodium.40 
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Pathogenesis 

Malaria is a febrile illness in which most of the patients recover with 

appropriate treatment. However, there are many host and pathogen 

factors which determine the outcome of the illness. The pathogenesis of 

malaria is a complex interaction between surface receptors, cytokines 

and novel proteins produced by the vector and the host. The underlying 

mechanisms are now better explained with progress in molecular 

genetics and the proteins they code.35 

 The clinical severity of the disease is variable with different malarial 

species.The population of red blood cells which is targeted by the 

parasite could be the reason. P. falciparum malaria is known to cause 

complications and mortality which is higher in certain age groups and 

areas as it infects RBCs of all ages.41 

New molecules important for parasitic invasion, like merozoite surface 

proteins (MSP-1 to MSP-4) which interact with sialic acid residues on 

erythrocytes have been discovered. These parasite proteins can be 

blocked by antibodies directed against them.42 Like Duffy antigen binding 

protein of P. vivax there is an Erythrocyte Binding Antigen 175 (EBA-175) 
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found in P. falciparum which facilitates parasitic binding and invasion 

through glycophorin A present on erythrocytes.36 

The sequencing of malarial gene has provided insight into genes which 

are important in parasite pathogenecity. One of these is a multigene 

family called var which codes for the principal parasite ligand known as 

P. falciparum  erythrocyte membrane protein 1 (PfEMP1). This protein is 

present on the erythrocytes after the invasion of the parasite.43 PfEMP1 

has sites which interact with the host defence mechanisms.Var gene and 

its product has shown variability in expression and diversity which helps 

the parasite to maintain its virulence and avert the host defences.44  

However, a single var gene is expressed at a time in an infected 

erythrocyte.45 

Red blood cells show certain structural as well functional changes after 

infection with malarial parasite. RBCs become more rigid and move 

sluggishly in blood vessels. Rosetting is seen when infected red cells 

combine with uninfected cells. The increase adhesiveness of infected red 

cells also causes stacking of cells over one another. 

Severe malarial infection and its complications are more commonly 

associated with P. falciparum infection. RBCs are sequestered in the 

smaller blood vessels of the internal organs especially brain which 
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compromises their blood supply. A process of cytoadhesion is also 

described as the basis of this sequestration of red cells. It occurs as a 

result of interaction between P. falciparum erythrocyte membrane protein 

1(PfEMP1) and several molecules on the surface of the endothelial cells 

which include CD36, thrombospondin, VCAM-1, ICAM-1 and E-elastin.43 

This cytoadherence causes ischemia and poor perfusion of the tissues 

and contribute to the manifestations of cerebral malaria (Figure 4).   

Many toxic substances like RBC membrane products, hemozoin pigment 

and glycosylphosphatidylinositol are released into the blood along with 

merozoites when they burst out of infected RBCs. These substances are 

responsible for the systemic manifestations of malaria. Several  cytokines 

and inflammatory mediators like interleukin (IL)-1, IL-6, IL-8, tumor 

necrosis factor, interferon-γ, macrophage colony stimulating factor, and 

lymphotoxins are released by macrophages and endothelial cells.46 

There is another mechanism of production of fever in malaria. Plasmodial 

DNA is internalized in the cell where it reacts with Toll-like receptor-9. 

This combination acts through the nucleus to induce the production of 

proinflammatory cytokines.This is an important mechanism which 

induces up regulation of cyclooxygenase 2 (COX-2). It acts on the 

thermoregulatory center and produces fever.47 (Figure 5). 
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Mechanism of anaemia in malaria is multifactorial. It is more pronounced 

in P.falciparum infection.Spleen rapidly clears the deformed and rigid 

infected erythrocytes causing extravascular haemolysis. However, 

intravascular haemolysis is more frequent especially with P.falciparum 

infections having high parasitaemia.48 Moreover the cytokines and 

hemozoin produced by the macrophages and parasites have an inhibitory 

effect on the erythroid progenitors. 

Immunity plays a major role in host response to the malarial infection. 

The defence against malarial parasite is based on innate and adaptive 

immune responses. Inheritance, race and geographical location play a 

role in providing natural protection against malaria. Further protection, 

over the time is gained through exposure to infection. Malaria has been a 

potent evolutionary force in shaping the human genome. Resistance to 

malaria is seen in some acquired mutations in hemoglobin gene.The 

geographical distribution of human mutant haemoglobins overlaps 

considerably with that of P. falciparum infection. Evidence of this genetic 

selection is seen is sickle cell trait, thalassaemias and glucose -6- 

phosphate dehydrogenase deficiency.49  

Individuals living in malaria endemic areas often develop partial immune 

mediated resistance to infection than the individuals who live in malaria 
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free countries. It is evident by the mild illness produced in endemic areas 

despite moderate to severe parasitaemia. Immune response to malarial 

parasite is humoral as well as cell mediated. Cytotoxic T lymphocytes 

and antibody mediated immune responses provide defence against the 

parasite despite various genetic and epigenetic mechanisms adopted by 

the parasite to evade them.43 

The immune evasion of malarial parasite has different mechanisms. 

There is extensive diversity in the malarial surface antigens due to allelic 

polymorphism - the existence of genetically stable alternate forms of 

antigen coding parasite genes. Alternatively the parasite exhibits antigen 

variation by altering the transcription of gene at different stages of 

parasitaemia without any genetic change. Beside var gene, rif, Pf 60 and 

stevor gene of parasite, has shown to paly some role in parasite 

virulence and immune evasion.45 In addition to these parasite genectic 

mechanisms, the immune system of the host is also targeted. The 

infected RBC adheres to the dentritic cells and prevents them to 

stimulate the T cells. Similarly different strains of same species of 

plasmodium down regulate the host immune response thereby enhancing 

each other survival.49 
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Certain HLA alleles also provide specific protection against malarial 

parasites like HLA- B53 confers immunity against P. falciparum. Malarial 

antigens in hepatocytes are presented in association with HLA- B53 to 

cytotoxic T lymphocytes, which destroy them.50 
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Figure 4: Mechanism of cytoadherence of RBCs in Malaria due to 

abnormal cytokine activity.51 
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              Figure 5: Pathogenesis of fever in malaria.52 

Malaria 



27 
 

PATHOLOGY 

Severe malaria as often seen in P. falciparum infection can affect all 

major organ systems. Similarly other species of malaria can also damage 

different organs but this is less pronounced and infrequent. The organs 

most commonly affected are brain, liver, spleen, kidney, bone marrow 

and reticuloendothelial system. Anaemia of variable severity having 

multifactorial etiology is common in endemic areas with repeated attacks 

of illness. Thrombocytopenia is a consistent finding in acute malarial 

infections. Haemophagocytosis is seen in bone marrow smears in severe 

P.falciparum infection causing pancytopenia.50 

Few important organ changes are described.53, 54 

Spleen 

 Splenomegaly of varying degree is common. Congestion, dilated 

sinusoids and hyperplasia of macrophages is seen. Initially spleen is soft 

but later on with repeated infections it becomes hard due to fibrosis. 

Deposition of malarial pigment turns the parenchyma dark brown. 

Brain 

There is congestion and occlusion of brain vessels due to parasitized red 

cells. Inflammatory reaction and perivascular haemorrhages around 
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these vessels are seen. Hypoxic injury, neuronal damage, necrotic 

lesions and granuloma are present is severe infections. 

Liver 

Mild liver enlargement is common. Pigment laden hyperplastic Kupffer 

cells are seen. Beside reticuloendothelial cells the hepatocytes are 

sometimes affected causing malarial hepatitis.  

Kidneys 

These are swollen and show tubular casts. 

In the non immune patient, sometimes fulminant course is seen leading 

to pulmonary edema and shock in the absence of these characteristic 

lesions.    
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CLINICAL FEATURES 

Fever due to malaria is very common in endemic countries. Due to the 

non specific nature of disease presentation in these areas, diagnosis of 

malaria requires laboratory evidence beside clinical features. There  

might be fever without localizing signs, splenomegaly, 

hyperbilirubinaemia and thrombocytopenia with a normal blood leukocyte 

count.55  The typical stages of chills, followed by high fever and sweating 

at regular intervals are infrequent or less pronounced. More commonly a 

continuous or irregular pattern of fever is seen especially in endemic 

countries.56 

The clinical symptomatology and presentation of malaria mimic dengue 

fever especially in the countries where both diseases are endemic. 

Fever, chills, headache and myalgias are present in both diseases. 

Splenomegaly is more associated with malaria. Skin rash, peticheal 

haemorrhages and retrobulbur pain is more characteristic of dengue 

fever. However laboratory evidence is necessary to differentiate the two 

diseases. 55 

 The malaria incubation period is typically 8-25 days, but may be much 

longer depending on the immunity of the infected person, the strain as 

well as species of the plasmodium and the dose of sporozoites. Malarial 
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fever usually subsides after few days of treatment and the patient 

develops some immunity. In falciparum malaria few parasite survive but 

the parasitaemia is below the febrile level. The parasites gradually rise 

and a fever which develops within eight weeks of the primary illness is 

called recrudescence. After the malarial fever, caused by P.vivax and 

P.ovale the parasites remain dormant in the hepatocytes as hypnozoites. 

Reactivation may occur after months and years and this pattern is called 

relapse. Such late onset or recrudescence of malaria occurs in 

individuals who have suppressed immunity or low parasitaemia due to 

drug resistance or chemoprophylaxis.57   

  

Severe malaria 

Severe malaria is almost always related to p. falciparum infection but 

rarely, other malarial species may also cause severe illness or 

sometimes even death.58 Severe malaria predominantly affects younger 

children and non immune travelers returning from endemic areas in 

developed countries. WHO has defined and given detailed guidelines for 

the recognition of severe malaria and its management based on clinical 

symptoms, signs and laboratory parameters.59 
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COMPLICATIONS OF MALARIA 

 

Plasmodium falciparum 

P. falciparum malaria is invariably associated with a complication, that is 

why it is called malignant tertian malaria. If not treated adequately the 

morbidity and mortality is high in acute complications.  

 

Cerebral malaria 

 In falciparum malaria 10% of all admissions and 80% of all deaths are 

due to CNS involvement. The usual presentation is hyperpyrexia with 

neurological symptoms and signs leading to comma. Encephalopathy 

due to other causes needs to be excluded. Deteriorating conscious level 

with laboratory evidence of P. falciparum infection establishes the 

diagnosis. Similarly whitening of retina is an important sign of cerebral 

malaria.60 Other neurological manifestations of cerebral malaria are 

abnormal posturing, nystagmus, conjugate gaze palsy, opisthotonus and 

seizures. 
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Algid malaria 

It is a state of peripheral circulatory failure which resembles surgical 

shock. Profuse vomiting, prostration, hypotension with cold clammy 

extremities are seen. 

 

Black water fever 

It is characterized by the passage of blackish coloured urine in a patient 

suffering from severe P. falciparum infection. There is massive 

intravascular haemolysis with haemoglobinuria. 

 

Anaemia 

In P. falciparum malaria anaemia is more pronounced than other species 

causing malaria. It is usually normochromic normocytic due to 

haemolysis. Other factors contributing to anaemia could be depressed 

erythropoiesis and autoimmune destruction of RBCs. 

Splenomegaly 

Spleen is invariably enlarged in malarial infection. Initially there is soft 

enlargement but with repeated infection it becomes hard. 

Other complications61 associated with falciparum malaria are metabolic 

acidosis (lactic acidosis), pulmonary edema (ARDS), renal failure, 
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hypoglycaemia, jaundice, bleeding and coagulation disorders, fluid and 

electrolyte disorders and associated infections.  

 

Non falciparum malaria 

Plasmodium vivax and Plasmodium ovale cause benign tertian malaria. 

However, rarely they may be associated with complications.62 Splenic 

rupture sometime occurs with massive splenic enlargement and it is a 

rare complication associated with high mortality. Hepatic dysfunction is 

due to non specific hepatitis, causing tender hepatomegaly and rise in 

hepatic enzymes. Thrombocytopenia is usually mild to moderate and 

quite frequent, however, bleeding is rare. Anaemia in benign tertian 

malaria is multifactorial, usually seen in patients having chronic recurrent 

malarial infection.63 CNS manifestations have been rarely reported in P. 

vivax malaria.64 Nephropathy is associated with P. malariae infection in 

few patients only. Glomerulonephritis, leading to nephritic syndrome is 

usually immune-complex mediated in these patients. 
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DIAGNOSIS OF MALARIA 
 

Accurate diagnosis of malaria is important for rational therapy of the 

disease especially in the presence of increasing drug resistance of 

parasite to antimalarial therapy. Treatment started after laboratory 

confirmation of parasite not only cures the patient but also avoids cost on 

empirical alternative drugs. According to WHO, early and accurate 

diagnosis of malaria is one of the current strategies for malaria control.5 

Despite an obvious need for improvement in the diagnosis of malaria; it 

remained a neglected area of research in the past. However, there is a 

renewed interest in re-evaluating traditional methods of malaria diagnosis 

with new methodologies.  

CLINICAL DIAGNOSIS  

Clinical diagnosis cannot be accurate, but majority of the patients 

suffering from malaria in endemic areas are still being treated without 

confirmation of the disease. Clinical diagnosis is traditional and popular in 

areas where access to laboratory facilities is also difficult. The clinical 

presentation and symptomatology of the disease lacks specificity, 

therefore in endemic areas any patient having fever is empirically treated 

with anti malarial drugs.65,66 This practice causes ongoing financial losses 

especially in resource poor countries.There has been an effort to define 
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disease parameters and clinical algorithms without any success in the 

past because malaria has wide variation in its presentation in different 

areas.Therefore there is a tendency of over diagnosis of the disease  (40-

80%) by clinical evaluation alone as reported from different populations 

and areas.67 

MICROSCOPY 

 Laveran in 1880 discovered malarial parasite in the red cells of a febrile 

patient by light microscopy. Gustav Giemsa in 1904 introduced a mixture 

of eosin and methylene blue stain68 and since then malaria is traditionally 

diagnosed by Giemsa stained thin and thick blood smears under the light 

microscope.    

Sample for blood film  

The blood sample for malaria diagnosis should be taken direct from 

patient’s finger or ear lobe in the ward. Blood smears be prepared and 

examined in the side room or preferably be sent to the laboratory. If 

anticoagulants are used then the film should be made in less than three 

hours. EDTA is the preferred anticoagulant for this purpose.69 Blood 

sample should be taken during the fever spike and before the 

administration of anti malarial drugs. Both thin and thick blood smears 

are prepared. 
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Thick blood film 

Thick blood smear allows quick examination of a relatively large volume 

of blood. It enables the detection of even very low parasitaemia. It is 

useful in parasite detection only. A well prepared standard thick blood 

film is 10 times more sensitive than a thin film.70 The recommended 

duration of examination of a thick film is usually 100 high power 

microscope fields before reporting it negative. A well prepared thick film 

is equal to 0.25 ul of blood.71  

Thin blood film 

The thin film is valuable for the malaria species determination. It is more 

popular as a diagnostic technique in hospitals and clinics due to its easy 

preparation and examination. Examination of a thin film can show ring 

forms, large trophozoites, schizonts and gametocytes of the infecting 

malarial species. Sometimes specific stippling or dots produced by the 

parasite can be observed in RBCs .72 In 100 fields of microscopy of a thin 

blood film only 0.005ul blood is examined. 

Counting the parasitaemia 

Parasite quantitation (index) is a very important assessment of disease 

severity especially in cases of P. falciparum infection. In patients with 

imported malaria (non immune) the detection of any number of parasites 
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is considered significant. However, in endemic areas, asymptomatic 

carriage is common due to certain amount of immunity.73 There are 

different methods of parasitic estimation and they give lot of variability in 

parasite counts. Three commonly employed methods are: 

 The number of parasites per 200 WBCs (thick film) 

 The percentage of infected RBCs (thin film) 

 Parasite number per microscopic field 

The parasites estimated by above methods can be converted into an 

index of parasites per volume of blood by assuming a constant number of 

RBCs or WBCs or of microscopic fields in that volume, i. e., 5 000 000 

RBCs or 8000 WBCs or 400 microscopic fields per ul of blood.71 It is a 

common practice in hospitals and clinics to express malaria parasitaemia 

as a percentage of the red blood cells infected. However for 

epidemiological or research purposes it is usually given per ul of blood. In 

routine laboratory practice parasite detection is done first and counting is 

usually performed as a separate activity after species identification is 

completed. However large differences have been reported while counting 

malarial parasite against white blood cells on a thick film or against red 

blood cells on a thin film. These variabilities could adversely affect 

research outcome and epidemiological surveys.74   
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Advantages and Limitations of microscopy 

Microscopy for the diagnosis of malaria is the oldest, reliable and time 

honoured methodology. The acceptance of this technique for malaria 

diagnosis by laboratories worldwide can be attributed to its simplicity in 

performance and low cost. It has the ability to detect the presence of 

parasites as well as their accurate identification. It can quantify 

parasitaemia which is so useful in management.72    

However microscopy has certain limitations. It is labour intensive and 

takes longer time. Moreover staining and interpretation of results requires 

quite an experience. Well trained microscopists are uncommon even in 

developed countries and wrong malarial diagnosis due to inferior 

microscopy in hospitals is common.75 Therefore false positive and false 

negative results due to inexperience can occur. Similarly difficulty in 

species differentiation and under reporting of mixed infection is also 

common. Microscopy has a relatively low sensitivity for malarial parasite, 

particularly at low parasite levels. Microscopy is also not suited for 

remote areas in developing countries where trained technologist and 

even electricity is not available. 
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Sensitivity, accuracy and quality assurance   

Giemsa stained thick blood film has a detection threshold that is 5-20 

parasites /ul. However, a threshold of 50-100 parasites is more realistic in 

field conditions. In remote areas a still higher threshold is likely.70,71 In  a 

thick blood film recommended number of fields required for examination 

before declaring it negative vary from 100-400.  Examination of 100 fields 

in a thick blood smear may miss up to 20% of cases therefore some 

researchers recommend that at least 200 fields be screened before 

reporting a negative result. The overall range of parasite  detection   

sensitivity in a thick blood film is between 80-90 % .76 In 100 fields of 

thick blood film approximately 0.25 ul of blood is examined, as compared 

with 0.005 ul in 100 fields of thin blood film. However, 60-80% of 

parasites may be lost during the staining of a thick blood film.70 The 

detection limit of 5-20 parasite /ul of thick film is only 10 times better than 

a thin blood whereas the volume of a thick blood film is 50 times greater 

than a thin film. 

Improving diagnostic accuracy in malaria requires quality control 

programs at organization and national level. It is technically and 

financially challenging. This involves establishment of national level 

diagnostic centers for standardization of microscopy procedures. Such 
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centers should be responsible to develop training modules and materials 

needed to support microscopy quality assurance (QA). This requires 

regular allocation of budget for quality assurance in microscopy out of 

national malaria control program. This expenditure would improve the 

correct malarial diagnosis and it would yield large benefits through 

targeted use of antimalarial drugs. Similarly a comprehensive repository 

of malaria slides should be maintained at international level for 

continuous professional development and certification of microscopists. 

Such practice in the longer run would be useful to improve malaria 

diagnosis and its effective prevention.77 

RAPID DIAGNOSTIC TESTS 

Detection of malaria antigen by rapid diagnostic tests (RDTs) has opened 

a new era in the diagnosis of malaria .Introduced in 1990’s; these are 

now currently used as a viable alternative to microscopy throughout the 

world. The use of RDTs was very limited initially as the cost was high and 

performance uncertain. Now over the years the use of RDTs has gain 

confidence among the health care professionals and policy makers.  

RDTs have now established their place in malaria diagnosis because 

expert microscopy is difficult to establish and maintain in malaria endemic 

countries. Moreover the costs of the RDTs are on the decline.78   
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Principle 

RDTs operate by the mechanism of lateral flow immunochromatography. 

The technique is simple in which by means of capillary action the liquid 

test sample moves across a nitrocellulose membrane where antigen and 

antibody reaction takes place. Two sets of antibodies are used in the test 

system which may be polyclonal or monoclonal. The specificity is 

increased but sensitivity is decreased with the use of monoclonal 

antibodies whereas polyclonal antibodies are less specific but more 

sensitive. Commercial kits use both type of antibodies. One set is called 

capture antibody which is already sprayed on the nitrocellulose 

membrane in an immobile phase and the other set is called detection 

antibody.79 In the first step as the test sample moves across the 

membrane the capture antibody extracts the malarial parasite antigen if 

present in the sample. Detection antibody conjugated with gold particles 

which acts as indicator is then added to the test. A visible line is 

produced in this mobile phase of the test when antibody- indicator 

complex binds to the parasite antigen that has been captured by the 

immobile antibody on the membrane. Thus malarial pan specific or 

species specific antigen if present in the test sample can be dectected 

depending upon the type of kit employed (Figure 6). 
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Characteristics of target malaria antigens 

 Histidine Rich Protein (HRP-2) is mainly present in the cytoplasm of the 

asexual stages of P.falciparum. It is also sometimes present on the 

membrane of the infected red cell. HRP-2 is one of the most common 

targeted malarial antigens, available commercially. Sometimes the young 

P. falciparum gametocytes also demonstrate this antigen .80 The antigen 

is water soluble and rapidly diffuses into the plasma and persist in the 

blood for at least 28 days after the initiation of anti malarial therapy. Many 

different monoclonal antibodies have been developed against HRP-2 and 

its antigenic variants that escape recognition have also been identified.81 

Parasite Lactate dehydrogenase (pLDH) is the other major antigen used 

in RDTs. Plasmodium LDH is a parasite glycolytic pathway enzyme 

present in Plasmodium species and expressed by the asexual as well as 

sexual forms. Different isomers of Plasmodium LDH are known and 

monoclonal antibodies against pLDH are commercially available. These 

isomers are used for the detection of Plasmodium species (pan-malaria), 

P. falciparum and P.vivax.82 Another important malarial parasite enzyme 

of glycolytic pathway is Aldolase. It is employed in RDTs as it is 

expressed by all Plasmodium species which infect humans. Aldolase is 

used as a pan malarial antigen target which is used in combined P.vivax 
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Bell et al.Nature Reviews Microbiology4, 682–695 (September 2006) | doi:10.1038/nrmicro1474Figure 6: Diagrammatic presentation of mechanism of action of Rapid Diagnostic Tests (RDTs).83 
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/ P. falciparum immunochromatographic test.84 

Performance of RDTs 

As per WHO criteria RDTs must achieve greater than 95% sensitivity to 

be a useful diagnostic tool.85 Most RDTs today have achieved this target 

for plasmodium falciparum, but not for non P. falciparum malaria. RDTs 

sensitivity is dependent on parasite count. It declines at parasite densities 

<500/ul for P. falciparum and <5000/ul for P. vivax. Test line density also 

decreases as the parasite density decreases. HRP-2 tests give sensitivity 

of >90% in cases of P. falciparum. When combined by an aldolase assay, 

the non falciparum malaria sensitivity is lower. Variable results have been 

reported for plasmodium LDH assays among studies and product lots. It 

could be due to variable field stability of the test kits.  P. falciparum 

sensitivity is excellent (>95) in some studies and poorer in others. 

However there are fewer problems with overall RDT specificity. Mostly it 

is above 85% approaching 100%.86 

 HRP-2 is not very reliable for treatment monitoring as it persists after the 

clearance of parasites. However there is good correlation between the 

level of parasitaemia and plasmodium LDH activity. The parasite in 

patient blood sample has to be viable to be detectable by plasmodium 

LDH test.87 As plasmodium LDH is present in all parasite blood forms 
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including gametocytes, it lead to some reports that plasmodium LDH 

based RDTs are incapable of monitoring therapy and cannot predict 

parasite clearance. However, it has found that residual gametocytaemia 

is usually low after successful malarial treatment. This level of 

gametocytaemia is usually below the threshold for detection of viable 

parasites by plasmodium LDH based tests. The commonly used 

artemisinin based combination therapy, results in the lowest post 

treatment gametocytaemia. However, high post treatment gametocyte 

counts indicate the emergence of either drug resistance or recrudesce of 

infection.88 

RDTs have shown good operational characteristics in different settings. 

They are simple and easy to perform by even ordinary health care worker 

with minimal training. They are best suited for remote areas, point of care 

testing and mass testing. In these situations RDTs performance is better 

than microscopy as their result time is shorter. Moreover there is no 

logistic requirements.89 RDTs sensitivity in comparison with microscopy 

has been reported differently by different studies. Mostly it is less 

sensitive than microscopy.90 However in few studies RDTs sensitivity was 

found to be comparable with microscopy91 and in one study it has been 

reported superior to microscopy.92 RDTs cannot replace microscopy but 
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they have a definite role in the diagnosis of malaria in particular areas 

and situations and together they are the main stay of malaria diagnosis. 

LIMITATIONS 

False positive RDT results occur in a few percent of tests. Potential 

reasons for false positive result include persistent viable asexual stage 

parasitaemia, persistence of antigens due to sequestration and partial 

antimalarial therapy. False positive results have been reported with 

patients having autoimmune disorders.Non specific positive reaction may 

also occur with rheumatoid factor and other heterophile antibodies. The 

replacement of monoclonal IgM antibodies in the newer kits has over 

come this issue.93 

RDTs give false negative results at lower parasitaemia (<100/uL) but 

sometimes they are reported at higher parasite counts also, due to 

immune complex formation and prozone phenomenon. False negative 

results may be caused by genetic variability due to deletion and mutation 

of the HRP -2 gene. Inhibitors have been found in certain patients which 

interfere with the performance of RDTs and prevent development of test 

lines. False negative have been found in few cases producing anti HRP-2 

antibodies.94 Physical, environmental and manufacturing conditions can 

affect RDTs performance. These require an optimal storage and 
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transport temperature ranging from 4-30 degree centigrade. In tropical 

countries exposure of RDTs to > 70% humidity and > 30 degree 

centigrade temperature frequently occur. Quality control measures and 

storage temperature regulation are important to maintain expected 

performance characteristics of RDTs during delivery process at the 

farthest end of the health care system.86  

MOLECULAR DIAGNOSTIC METHODS 

Microscopy and rapid diagnostic tests have their limitations in diagnosis 

of malaria. The search for a laboratory method with improved sensitivity 

and specificity led to newer techniques based on molecular diagnostic 

methods. First such method for diagnosis of malaria started in 1980. 

Over the years there has been much development in the field of 

molecular biology and genetic engineering.95 The methodologies and 

protocols for the extraction of DNA have been much simplified. Various 

PCR based methods of DNA detection and amplification are employed 

for the diagnosis of malaria. Real time PCR is the newer and most widely 

used method world over.96 Molecular techniques offer the advantage of 

being highly sensitive and specific for identification and differentiation of 

Plasmodium species. A brief description of malarial parasite genome, 



48 
 

followed by PCR techniques and their importance in malaria diagnosis 

will be described. 

Plasmodium genome 

The discovery of genome sequence of several plasmodium species in the 

recent past has dramatically changed the malarial research. Many 

genetic techniques have been developed and the parasite can be 

transfected.97The understanding of plasmodium biology and 

pathogenesis in molecular terms has helped to identify new drug targets 

and development of effective vaccine could be a reality in near future. 

The plasmodium haploid genome has a standard size of approximately 

22-26 Mb,98, 99 distributed among 14 linear chromosomes that range in 

size from 500 kb to over 3 Mb.100 Different plasmodium species have 

almost similar karotypes but their genomic composition varies from 

species to species. For example, the (A+T) genomic composition of P. 

falciparum is 81% compared to 62% in P. vivax.101 Based on discrete 

regions or isochores of differing (A+T) content the genome of different 

Plasmodium species have been compartmentized, thus providing 

additional information and markers. 
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Plasmodium falciparum: 

 P. falciparum genome was the first to be completely sequenced.It has 14 

chromosomes of different sizes ranging from approximately 0.643 to 3.29 

Mb. Its nuclear genome is composed of 22.8 megabases (Mb).99 Two 

different shapes of genome is seen in P.falciparum, a circular plasmid 

like genome and a linear mitochondrial genome.102 The (A+T) 

composition is quite high (80.6%), which further increases in introns and 

intergenic regions to about 90%. The genes are mostly protein encoding 

genes.Uptill now 5,300 of such genes have been identified. At an 

average 4,338 base pairs (bp) are present in one P. falciparum gene.99 

Many of the human immune responses to the parasite are stimulated by 

genes residing near the ends of the chromosomes. The products of these 

genes are very important for the host immune responses against the 

parasite. Moreover genetic variability in these genes through exchange of 

genetic material, changes the antigenic composition of the parasite. New 

gene families which encode proteins responsible for many of the parasite 

pathogenatic pathways related to erythrocyte invasion, cytoadherence 

and release of cytokines has been found.    

Apicoplast, a structure related to the plastids of plant species, having its 

own genome of 35kb, is essential for the survival of the parasite.103 It is 
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known to function in the anabolic synthesis of fatty acids, isoprenoid 

precursors, heme and iron sulphur complexes.104 The nucleus of the 

malarial parasite synthesizes about 10% of its proteins for apicoplast.105 

P.falcparum has a variety of simple and complex proteins which have 

been identified by multidimensional protein identification technology.  

These are ribosomal proteins, transcription factors, histones and 

cytoskeleton proteins, some of which are important at different stages of 

parasitic life cycle. Some of the P. falciparum proteins are exclusively 

related to its virulence and pathogenic properties.These are very 

important in the outcome of the parasitic infection.106 The research to 

develop newer drugs and an effective vaccine is focused on some of 

these proteins which are unique to the organism.   

Plasmodium vivax:  

 

Carlton et al in 2008 sequenced the 26.8-megabase (Mb) genome of P. 

vivax (Salvador I) by whole-genome shotgun methods.107 It comprises of 

14 chromosomes with large contigs totaling approximately 22.6 Mb. 

However approximately 4.3 Mb of small sub-telomeric contigs remain 

unassigned due to their repetitive nature. P. vivax chromosomes exhibit a 

form of isochore structure which is unique among human Plasmodium 
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species. It contains sub-telomeric regions of low G+C content and 

chromosome internal regions of significantly higher G+C content.108 

However, the parasite has many similarities with other Plasmodium 

species in gene content and metabolic potential. Its gene sequencing has 

also unfolded new novel gene families and potential alternative pathways 

providing insight into the parasite biology and pathogenesis. The 

scientific community now has a valuable resource that can be used to 

advance investigation into this parasite. 

The 18S rRNA gene 

18S ribosomal RNA (abbreviated 18S rRNA) also called small sub unit 

rRNA, is a part of the ribosomal RNA. The S in 18S represents Svedberg 

units. Eukaryotic cells are small units having cytoplasmic ribosomes 

composed of RNA.It is the 40S ribosomal subunit of eukaryotic cells to 

which 18S rRNA is a small constituent. It is the eukaryotic nuclear 

homologue of 16S ribosomal RNA in prokaryotes.  The gene of 18S 

rRNA in malarial parasite is a target of much scientific research in the 

recent past.109 Historically this gene has served as a best target for 

diagnostic assays and therefore, used most widely for the detection of 

malaria even before the completion of Plasmodium genome sequence.110 

The 18S rRNA gene or small sub unit (SSU) rRNA is also commonly 
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used to make phylogenetic inferences and diagnosis, since its mutation 

rate has been shown to be very slow. The highly conserved region of the 

18S rRNA gene of the genus Plasmodium has been used to identify 

genus plasmodium and its variable zones allowing species 

identification.111 PCR methods based on detecting genus or species-

specific sequences of small-subunit (SSU) rRNA genes of Plasmodium  

species have been devised. 

The genes coding for 18S rRNA are referred to as 18S rDNA. There are 

few properties of 18S rRNA gene which makes it a favourable sequence 

as target for the diagnosis of malaria. Firstly, it has flanking regions those 

are highly conserved and can be easily approached by the primers. 

Secondly, the gene segment is present in adequate amount throughout 

the parasite genome by regular repeats which provide sufficient amount 

of template segment for PCR.However, few difficulties and problems are 

also associated with 18S rRNA gene segment as target for malarial 

diagnosis.These are strain specific sequence variations and presence of 

three stage specific A-, S-, and O-types. Another issue is the presence of 

4 to 8 divergent non tandem copy numbers.112 These problems in 18S 

rRNA gene posses specific challenges in the designing of the primers 

and probes.    
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 The search and evaluation of new species specific and sensitive malarial 

genetic target is continuing. It should be suited to both single step and 

multiplex PCRs. The cytochrome b gene is highly conserved and has 

approximately 30-100 copies per parasite. This genetic target promises 

to be more sensitive than the 18S rRNA gene.111 Similarly Pvr47 and 

Pfr364 are new novel targets which could provide powerful alternate 

molecular markers for the diagnosis of malaria in conventional and 

multiplex PCR platforms.110 The 18S rRNA gene sequences of four 

Plasmodium species are shown in annexure (A - D). 
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POLYMERASE CHAIN REACTION 

Developed by Kary Mullis in 1983, polymerase chain reaction (PCR) is a 

technique that is used to amplify DNA. In this process several thousand 

or million copies are generated from a single or few copies of  DNA in 

short duration.113 The method relies on thermal cycling, consisting of 

cycles of repeated heating and cooling followed by enzymatic replication 

of DNA. The basic requirements of a PCR set up are described. 114, 115 

1. DNA template: that contains the target region 

2. Primers: short sequence of template DNA, those are complementary 

to each of the two strands of DNA. It is customary to name the two 

primers by their direction. The primer that anneals with the reverse strand 

of the DNA is called forward or sense primer while the primer that 

anneals with the forward strand is called reverse or anti sense primer. 

3. Taq polymerase: A bacterial polymerase derived from Thermus 

aquaticus, which grows in hot water springs. The optimum temperature of 

Taq polymerase is 720 C. 

4. Deoxynucleoside triphosphates dNTPs: the building blocks in 

synthesizing a new DNA strand. 

5. Buffer solution: for optimal activity and stability of reaction mixture 
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6. Divalent / Monovalent ions: magnesium, manganese and potassium   

The PCR is carried out in small reaction tubes in a thermal cycler. The 

thermal cycler is a machine that heats and cools the reaction tubes to 

achieve the temperature required at each step of the reaction. Typically 

one cycle consist of denaturation, annealing, extension and 

elongation. The first step is heating the reaction mixture to a 

temperature of 940C. It causes the two DNA strands to separate from 

each other yielding single stranded DNA molecules. Each single strand 

then acts as a template for the synthesis of a new strand. The 

temperature in the thermal cycler is then lowered to 600 C which allows 

the primers to anneal with the target regions. The primer sequences 

should match very closely to DNA template for effective binding. 116 Once 

this happens the synthesis of new strands takes place in the presence of 

heat stable Taq DNA polymerase at an optimal temperature of 720C. 

.Reaction buffer, dNTPs and MgCl2 is needed in this extension process. 

The elongation of the strands continues as dNTPs are added to the 

complementary bases of the target template. At the end of the 

extension/elongation step two molecules of double stranded DNA are 

formed from a single starting molecule (Figure 7).  
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               Figure 7: Diagrammatic representation of PCR117  
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With each cycle the synthesis of DNA is doubled and if there are no 

limiting factors like substrate or reagents, the exponential growth 

continues. After this a stage of leveling off or plateau follows in which no 

more products accumulate. In thirty cycles one molecule of DNA can be 

amplified to produce approximately one billion molecules of DNA.117 In 

the end agarose gel electrophoresis is used to see whether the PCR 

generated the anticipated DNA fragments. 

Inhibitors and enhancers of PCR 

PCR can fail for various reasons. Contaminants causing spurious 

amplification of DNA products and faulty primer designing are common 

reasons. Various substances such as haemoglobin, heparin, porphyrin, 

phenol and proteinase-K are potent inhibitors of PCR. Phenol should be 

completely removed during extraction. Heating inactivate Proteinase K. 

Specificity and yield of PCR is enhanced by formamide, tetra 

methylammonium chloride (TMAC), polyethelene glycol (PEG), and 

glycerol.118 

PCR has wide range of clinical applications and it is an indispensible 

technique in biological research. The diagnosis of malignancies, 

hereditary disorders and infections is routinely done very accurately by 
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PCR. It is also used in DNA cloning and sequencing, DNA based 

phylogeny, functional analysis of genes and genetic finger printing.114 

Variations in the basic PCR technique 

Hot start PCR 

In the denaturation phase, at the start of PCR non specific amplification 

of products may occur as the temperature rises. It is due to non specific 

annealing of the primers with a partially denatured template in the 

reaction mixture. This may be prevented by heating the reaction 

components to the denaturation temperature before adding the 

polymerase.119 In a hot start PCR Taq polymerase is added when the 

contents of the PCR reaction mixture have reached above 800 C. Taq 

polymerase activity can also be prevented at the start of denaturation 

process by specialized enzyme systems. These act either by the binding 

of an antibody or by the presence of covalently bound inhibitors that 

dissociate from the polymerase only when high temperature is 

achieved.120 

Multiplex-PCR 

In this technique different DNA sequences can be amplified in a single 

test run. It consist of multiple primer sets within a single PCR mixture 
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which target different DNA sequences thus producing amplicons of 

varying sizes. The methodology can be employed in a real time PCR set 

up as well. The technique is convenient to perform, saves time and 

reagent. In this way additional information is gained at once by targeting 

multiple genes.121 Primer sets should be designed carefully and their 

annealing temperatures must be optimized to work correctly within a 

single reaction mixture. By multiplex PCR technique different malaria 

species can be identified in a single test. 

Nested PCR 

 

It is a two step technique in which two set of primers are used. Nested 

PCR is an extremely sensitive technique and is very useful when the 

target DNA is low in concentration. It is also very successful in amplifying 

long DNA fragments. In the first step one set of primers is used which 

besides amplifying the main target also causes some non specific 

amplification. In the second step the amplified product of the first step is 

re-amplified with another set of primers with definite specificity. However 

the technique has few limitations. It is rather prolong and the amplified 

product may contaminate the other PCR reagents and may be very 

difficult to handle.117,122   
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Real Time PCR 

Out of different PCR techniques, real time PCR is mostly widely used. It 

is also called quantitative real time polymerase chain reaction or kinetic 

polymerase chain reaction.123 The procedure generally follows the 

principle of polymerase chain reaction. However, the process of 

amplification can be examined in real time and the amplified DNA can be 

measured while it is being synthesized. Two common methods for 

monitoring of amplification of products in real time PCR are 

1. Fluorescent dyes 

These (SYBR green) bind with double-stranded DNA.124 As the amplified 

double stranded DNA accumulates in the reaction tube the fluorescence 

also increases. It is not suitable for multiplex PCR system 

2. Molecular probe methods 

These are more specific and employ fluorescence labeled short 

sequences of DNA (probe) complementary to the target DNA of interest 

to monitor the amplification.125 Several methods (fluorescence resonance 

energy transfer probe method, molecular becon method, TaqMan probe 

method) have been developed to effectively use molecular probes for 

monitoring PCR. In the molecular probe method the fluorescence emitted 
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depends on the amount of annealing of the probe with the target. 

Therefore the methods are highly specific unless the target has a cross 

homology with another sequence in the template DNA. In a real time 

PCR the amplicon is monitored after each cycle. The results can be seen 

continuously on a linear or a logarithmic scale whereas in a conventional 

PCR the amplified product is examined at the end.117 Another advantage 

of real time PCR is that it can quantitate the amplified DNA as well. 

Therefore identification and quatitation of the DNA sequence is done 

simultaneously in real time PCR. The cycle number at which the 

amplification first appears is dependent on the quantity of target DNA.126 

Real time PCR is simple to perform, quick and causes minimal 

contamination as no post amplification processing is required.  

PCR in malaria diagnosis  

In recent years several different PCR based malaria diagnostic methods 

have been developed. They have consistently shown to be more 

sensitive and specific than traditional microscopy and RDTs.Their use is 

particularly important in cases of mixed malaria and low parasitaemia.127 

The PCR technique in malaria diagnosis is also useful in problematic 

situations and to monitor drug response/resistance. It has replaced 

microscopy as the gold standard in several studies done in the last 
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decade.128The biggest advantage of PCR technology is to detect as low 

as 1-5 parasites/μl of blood. This is far lower than the detection limit of 

microscopy (20-50 parasites/ul) and RDTs (100-150 parasites/μl).129 The 

PCR technology and methodology is further improving. Real time single 

or multiplex PCR has number of advantages over conventional PCR. It is 

quick, simple and performed in a closed system. The chances of 

contamination are less. Recently, Plasmodium knowlesi causing malaria 

in humans has been detected and identified by PCR technique.130 

PCR technique is no more a research tool only; besides being used in 

malaria diagnosis it is finding a new role in global malaria prevention and 

eradication. Asymptomatic carriers cannot be controlled by conventional 

malaria control measurs and empirical antimalarial therapy.131 The 

estimation of hidden reservoirs of malaria in a community is a critical arm 

of malaria elimination program which could be possible with molecular 

based amplification and detection of plasmodium. 

 

. 
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OTHER DIAGNOSTIC METHODS 

Fluorescent Microscopy 

Intra-erythrocytic parasites can be stained by fluorescent dyes (acridine 

orange) as RBCs do not contain DNA or RNA while parasites do. Method 

is quite sensitive and quick but requires special equipment and expertise 

in reading.132, 

Quantitative Buffy Coat (QBC) Technique 

The QBC technique involves staining of centrifuged and compressed red 

cell layer with fluorescence dye and then its examination under florescent 

microcopy.133 The QBC technique is as sensitive as microscopy but it 

cannot differentiate and quantitate the malarial parasites. It is simple and 

rapid but expensive as compared to microscopy.134 

Serological Tests 

Antibodies are produced against the malarial parasite after the infection. 

These can be detected by different serological techniques.The value of 

serological tests in malarial diagnosis depends upon the endeminicity of 

the disease in the area. In semi- immune patients in endemic areas, 

antibodies persist after repeated infections for months and years.135 

Therefore, detection of antibodies against malaria in endemic areas is not 

a reliable test. In non immune patients antibodies fall after treatment 
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rapidly and cannot be detected after 3-6 months. Immunofluorescence 

antibody testing (IFA) and Enzyme linked immune sorbent assay (ELISA) 

are used for detection of malarial antibodies.136 IFA is a sensitive and 

specific test which is used more commonly to detect malarial infection in 

non immune patients in non endemic countries. It is technically difficult 

and time consuming. In non endemic countries it is also useful in blood 

donor screening. 137 

Flow cytometry (FCM) 
 
In this methodology hemozoin is detected that is produced by malarial 

parasite in the erythrocytes, when they degrade host hemoglobin and 

convert the released heme into hemozoin. The phagocytic pigment in a 

flow cytometer is identified by depolarization of the laser light.138 This 

method is reported to have a sensitivity of 49-98%, and a specificity of 

82-97%, for malarial diagnosis. Flow cytometry has been used for 

malaria diagnosis and it is most useful for diagnosing clinically 

unsuspected malaria.139   

Automated blood cell counters (ACC) 
 
The automated cell counter provides useful information or alert flag 

during routine blood count estimation. This is most useful when there is 

no request for malaria test or clinical suspicion for malarial infection.140 
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The commonest non specific change is thrombocytopenia and an 

increase above 3% of large unstained cells. However, newer 

haematology analyzers can detect malarial pigment in monocytes.These 

findings are interesting as its sensitivity is 95% and specificity 88% as 

compared with microscopy.141 Another method also used a Cell-Dyn 

3500 to detect malaria parasite by analyzing depolarized laser light with 

an overall sensitivity of 72% and specificity of 96%.142 The technology of 

haematology analyzers are improving but their use in routine malaria 

diagnosis needs further research and method validation. 

Mass spectrophotometry 

This is a very sensitive method for detection of malarial parasites. It is 

based on direct ultraviolet laser desorption mass spectrometry (LDMS) 

on whole blood samples. Intact ferriprotoporphyrin 1X is the malarial 

biochemical marker sequestered in parasitized red blood cells.143 This 

automated methodology is specific and many samples could be 

processed in parallel and measurement is very quick. However, it 

requires skilled man power and infrastructure for operation.144   
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LAMP 

Loop mediated isothermal amplification (LAMP), is a molecular based 

test which has recently been used for malarial diagnosis. It has the 

sensitivity and specificity compareable to conventional and real time PCR 

and simplicity of rapid diagnostic test.145 The methodology is quite 

simple. The extracted DNA is mixed with primers and amplified at uniform 

temperature. A positive rest is indicated by the appearance of turbidity in 

the test tube seen visually. The result can be read in an hour. The 

technology is very suitable for mass screening and detecting 

asymptomatic malaria carriers. However further studies and validation is 

required before it would be in regular use for diagnostic purposes.146 
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OBJECTIVE 

 

The objectives of the study were to: 

 

1. Develop and optimize an indigenous real time polymerase chain 

reaction (PCR) for malaria. 

2. Carry out indigenous real time PCR for diagnosis in patients clinically 

suspected to have malaria. 

3. Compare the sensitivity and specificity of indigenous real time PCR 

with microscopy and an antigen based Rapid Diagnostic Test (RDT).  
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                       OPERATIONAL DEFINITIONS 

Real Time Polymerase Chain Reaction 

A type of PCR in which the process of amplification is examined in real 

time at the end of each cycle. Positive samples are identified when 

fluorescence exceeds threshold limit in a real time PCR machine. 

Conventional microscopy 

Detection of malarial parasite in stained thick and thin blood films under 

the high magnification of light microscope. 

Rapid diagnostic tests 

A rapid test that detects malarial antigen in a sample of blood by 

immunochromatographic assay. 

Primer 

A chemically synthesized short piece of single stranded DNA that has 

base sequence complementary to the template strand. 

TaqMan probe 

Short sequence of DNA complementary to the internal region of the 

target DNA labeled with chemilumiscent or fluorescent dye, used for real 

time monitoring of PCR. 
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Taq polymerase 

An enzyme of bacterial origin which can withstand high temperature in 

the synthesis of new DNA strands during the PCR process. 

Amplification 

Increase in the number of copies of a specific DNA fragment during the 

PCR process. 

Cycle threshold (Ct) 

In the real time PCR it is the graphic recording which depicts the number 

of cycles at which the amplified product is first recorded. 
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MATERIAL AND METHODS 

SETTING 

The study was conducted in Military Hospital Rawalpindi and Armed 

Forces Institute of Pathology Rawalpindi, Pakistan. 

DURATION OF STUDY 

The duration of study was from January 2011 to December 2011. 

SAMPLE SIZE 

The sample size was calculated statistically to be 227 by the formula      

n = (z2pq)/e2; using 18% prevalence (p) of malaria, margin of error (e) 5% 

and z = 1.96.  

SAMPLING TECHNIQUE 

Non probability sampling.  

SAMPLE SELECTION 

Inclusion criteria: 

The study included patients with fever of short duration, continuous / 

alternate day with rigors / chills, followed by sweating and/or palpable 

firm spleen and / or herpes labialis.  
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Exclusion criteria: 

Patients having fever with sore throat, relative bradycardia, rash, 

lymphadenopathy, soft spleen, diarrhea, cough and signs of meningeal 

irritation were excluded.  

Follow up: 

Follow up of malaria parasite positive patients; receiving anti-malarial 

treatment was done. 

STUDY DESIGN 

Cross-sectional analytical study 

DATA COLLECTION PROCEDURE 

Ethical approval 

The study was approved by the Ethical and Research Review Committee 

of Armed Forces Institute of Pathology Rawalpindi. Informed consent was 

taken from all patients following good laboratory and clinical practice. 

Patient Documentation 

Demographic data and clinical features of all patients included in the 

study were documented as per proforma. (Annexure E) 
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Sample collection 

Five ml of venous blood in an EDTA tube was collected from each 

patient.  Blood counts of each patient were done by Sysmex KX-21 

haematology analyzer. Two drops of sample were used to prepare thin 

and thick blood smears. One drop was used for OptiMAL RDT and 

remaining sample was preserved for real time PCR malaria diagnostic 

test. 

Microscopy 

 Giemsa stain was used to stain the slides and later analyzed for the 

presence of malarial parasite and quantification (thick film). Thin blood 

films were used for identification of different plasmodium species. 

a. Preparation of Thick Blood Film 

1. A drop of blood approximately 10 µl was taken and placed in 

the centre of a slide. 

2. It was spread in a circle to the size of a dime (diameter 1-2 

cm). 

3. The thickness of the smear allowed newsprint to be just 

readable through it. 

4. The smear was kept in an incubator at 370 C for one hour for 

drying. 
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b. Preparation of Thin Blood Film 

          1. A drop of blood was spread with a clean spreader slide, held at                          

45o angle by pushing it forward rapidly and smoothly. 

         2. It was ensured that the film had a good “tail” and did not reach 

the edge of the slide laterally. 

        3. The film was dried in air. 

c. Staining of Blood Films 

Stains and Reagents 

1. Commercially prepared Giemsa stain solution (Merck) was 

used for staining both the thick and thin films. 

2. Buffered distilled water (pH 7.2). It was prepared by adding 

0.7g of KH2PO4; 1.0g of Na2HPO4 in one liter distilled water 

and mixed thoroughly. 

3. Absolute methanol 

           Staining Method 

1. Staining of thick Film 69 

i. The dried thick film was not fixed but placed in a coplin 

jar with buffered water for 3 to 5 minutes. 

ii. The commercially prepared Giemsa stock solution was 

diluted 1 in 10 with distilled water.   
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iii. The slide was then placed on staining rack and flooded 

with diluted Giemsa stain. 

iv. The staining time was between 20 to 30 minutes, after 

which the slide was rinsed briefly and dried. 

2. Staining of thin Film  

i. The thin film was fixed by placing in methanol for 1 to 2 

minutes.  

ii. The excess alcohol was tipped off and slide was placed 

on staining rack. 

iii. Diluted Giemsa stain was poured on the slide and left 

for 30 to 40 minutes. 

iv. The stain was then poured off and slide was rinsed 

briefly with tap water. 

v. It was then dried and visualized by microscopy. 

d. Microscopic Visualization 

For the detection of malarial parasite a 100 X oil immersion 

objective was used. The slide was searched for parasite under 

100 microscopic fields before reporting it negative. On a thick 

blood smear the parasites and white blood cells (WBCs) were 

counted simultaneously. Parasite number was noted when 200 
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WBCs count was reached.69 Counting started when the first 

parasite was observed and parasite density was calculated by the 

formula given below. The thin blood smears were examined to 

identify the species of the Plasmodium. Two independent trained 

microscopists assessed each smear. All samples showing 

disagreement among the methods were reevaluated with 

extended time especially for microscopy, but the first result was 

used for calculation. 

e. Calculation of Parasite density 

Parasite density (per µl) = Number of malaria parasites x WBCs/µl                                     

200 

  

Antigen detection test 

The rapid antigen malaria test OptiMAL (Flow Inc, Portland) was 

performed on each patient sample with a drop of blood. The test detects 

parasite lactate dehydrogenase (pLDH), an enzyme produced by malarial 

parasites. 

Procedure  

1. The device was placed horizontally on a flat surface and the 

patient’s serial number was written on the label. 
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2. One drop of buffer was added to the first well (conjugate well) and 

4 drops to the second well (wash well); and allowed to stand for 

one minute. 

3. With the help of the given pipette blood was drawn from the 

sample bottle to the black line. 

4. The entire volume of blood was added by squeezing the pipette 

gently to the first well. The upper end of the pipette was used to 

stir gently and contents were allowed to stand for one minute. 

5.  An OptiMAL test strip was placed in the first well and allowed to 

stand for 10 minutes. The blood/conjugate mixture was taken up 

by the nitrocellulose strip completely. Then the strip was 

transferred to the next well and allowed to stand for 10 minutes. 

After 10 minutes the control band was clearly visible. 

6. The results were visually interpreted as per manufacturer’s 

instructions i.e. 

 Negative result: Only control band was visible. 

 Positive result: Control band along with the band 

“Pf” and/or band “P” was visible.  

7. The presence of positive control line indicated that the strip is 

functional. 
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Real time PCR 

DNA extraction   

DNA was extracted from the venous blood sample collected in EDTA by 

using puregene genomic DNA purification kit (Gentra USA). 

1. Whole blood 300µl + 900µl RBC lysis solution was taken in 1.5ml 

eppendorf tube. 

2. It was incubated for 1 minute at room temperature, followed by gentle 

inversion of the tube. 

3. The tube was centrifuged for 30 seconds at 13000 revolutions per 

minute (rpm) and supernatant was discarded leaving a visible white 

cell pellet. 

4. The white cells were resuspended in residual liquid by vortex. 

5. Then 300µl cell lysis solution was added to the resuspended cells and 

pipetted up and down to lyse the cells. 

6.  100µl of protein precipitation solution was added to the lysate. 

7. Centrifuged at 13000 rpm for 1 minute. 

8. The supernatant containing the DNA was poured into a clear 1.5 

eppendorf tube and 300µl of 100% isopropanol was added. 

9. Mixing was done by gentle inversion. 
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10. The tube was then centrifuged at 13000 rpm for 1 minute. A white 

pellet indicating DNA was visible. 

11. The supernatant was poured off and 300µl of 70% ethanol was added 

followed by gentle inversion of the tube several times. 

12. The tube was centrifuged again for 1 minute at 13000 rpm and 

ethanol was carefully poured off. 

13. It was then allowed to dry at 37oC for few minutes and 60ul of DNA 

hydration solution was added. 

14. The tube was incubated at 56oC for 15 minutes and then vortexed for 

few seconds and centrifuged for 30 seconds. 

15. The extracted DNA was stored at 2oC-8oC and amplified in batches of 

25 along with positive and negative controls.  

Primers 

The target gene for four species of plasmodium was small sub unit (SSU) 

rRNA for PCR amplification in this study. The real time PCR was done 

using TaqMan probe according to the protocol of Lee et al.147 The genus 

specific PCR primers (Gen Bank accession numbers M19172.1 for 

P.falciparum, X13926.1 for P.vivax, M54897.1 for P. malariae, and 

L48987.1 for P.ovale) are shown in figure 8.  
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P. falciparum (GenBank M19172.1) 
 
TAGTGTGTATCAATCGAGTTTCTGACCTATCAGCTTTTGATGTTAGGGTATTG
GCCTAACATGGCTATGACGGGTAACGGGGAATTAGAGTTCGATTCCGGAGA 
GGGAGCCTGAGAAATAGCTACCACATCTAAGGAAGGCAGCAGGCGCGTAA 
ATTACCCAATTCTAAAGAAGAGAGGTAGTGACAAGAAATAACAATGCAAGGC
CAATTTTTGGTTTTGTAA 
 
 p. Vivax (GenBank X13926.1) 
   
TTAGTGTGTATCAATCGAGTTCTGACCTATCAGCTTTTGATGTTAGGGTATTG
GCCTAACATGGCTATGACGGGTAACGGGGAATTAGAGTTCGATTCCGGAGA
GGGAGCCTGAGAAATAGCTACCACATCTAAGGAAGGCAGCAGGCGCGTAAA
TTACCCAATTCTAAAGAAGAGAGGTAGTGACAAGAAATAACAATACAAGGCC
AATCTGGCTTTGTAATT 
 
P. Malariae (GenBank M54897.1) 
 
TAGTGTGTATCAATCGAGTTTCTGACCTATCAGCTTTTGATGTTAGGGTATTG
GCCTAACATGGCTATGACGGGTAACGGGGAATTAGAGTTCGATTCCGGAGA
GGGAGCCTGAGAAATAGCTACCACATCTAAGGAAGGCAGCAGGCGCGTAAA
TTACCCAATTCTAAAGAAGAGAGGTAGTGACAAGAAATAACAATGCAAGGCC
AAATTTTGGTTTTGCAA     
   
P. Ovale (GenBank: L48987.1) 
 
TAGTGTGTATCAATCGAGTTTCTGACCTATCAGCTTTTGATGTTAGGGTATTG
GCCTAACATGGCTATGACGGGTAACGGGGAATTAGAGTTCGATTCCGGAGA
GGGAGCCTGAGAAATAGCTACCACATCTAAGGAAGGCAGCAGGCGCGTAAA
TTACCCAATTCTAAAGAAGAGAGGTAGTGACAAGAAATAACAATACAAGGCC
ATTTCATGGTTTTGTAA 

          

                  Figure 8: Primer sequences for real time PCR targeting the small subunit  
rRNA gene of the four species of malarial parasite.  
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The sequences of the two amplification primers and the TaqMan probe 

were: 

Forward primer:   5’-ACATGGCTATGACGGGTAACG-3’ 

Reverse primer:   5’-TGCCTTCCTTAGATGTGGTAGCTA-3’  

Taqman probe:    6 FAM 5’-TCAGGCTCCCTCTCCGGAATCGA-3’-  

TAMRA 

Reaction Mixture 

PCR was done in 25µl reaction mixture containing: 

 PCR Mix = 22 µl 

 Primer Mix = 1.0 µl  

 DNA Taq = 0.1 µl 

 DNA sample = 2 µl  

 PCR Mix contained: 

 10X Cetus buffer = 50 µl 

 dNTPs (all) = 10 µ 

 1M Spermadine = 1 µl 

 Distilled water = 940 µl 

Total quantity = 1 ml 

 

 10X Cetus buffer contains: 
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 2M KCL, 1M Tris (pH 8.3) 

 1M MgCl2, Gelatin 

 Distilled water 

Real time PCR amplification 

Thermal Cycling comprised of initial denaturation at 95oC for five 

minutes, followed by 40 cycles each of denaturation at 95°C for 15 

seconds and annealing/extension at 60oC for 60 seconds. The 

amplification was done on 7500 real time PCR system (Applied 

Biosystems USA; Figure 9). Positive controls were prepared by pooling 

microscopy positive samples for P.falciparum and P.vivax. Blood 

samples from individuals who were known thalassaemia trait, afebrile for 

more than one year and microscopy negative for malaria parasite were 

used as negative controls. DNA free PCR grade water was used as 

blank. 

To establish the sensitivity of the PCR assay a known sample positive for 

malaria with a parasite index of 2000/ul was used. This sample was 

serially diluted to make parasite density up to 1-2 parasite / µl. This 

dilution was tested several times and the cycle threshold value (Ct) of 

fluorescence was determined.  
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Figure 9: Real time PCR machine ( Applied Biosystem USA) 
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On repeated testing the later was found to be between 34-36 cycles. The 

(Ct) value of 34 was used as the upper positive cut off value of PCR in 

this study. These same dilutions of known parasite index were also 

tested by microscopy and OptiMAL and minimum level of detection was 

determined.  

DATA ANALYSIS  

The data was entered in SPSS version 15 for descriptive and inferential 

statistical analysis. Mean and standard deviation was calculated for 

quantitative variables like age, duration of fever and haematological 

parameters. Frequency and percentages were calculated for qualitative 

variables like positive and negative cases of malaria. Sensitivity, 

specificity, and predictive values of each test (microscopy, RDT and 

PCR) were calculated as per the formulae given below: 

Sensitivity = True positive (TP) / True positive + False negative (FN) 

Specificity = True negative (TN) / True negative + False positive (FP) 

Positive Predictive Value (PPV) = TP / TP + FP 

Negative Predictive Value (NPV) = TN / TN + FN 

The cost of consumables per test for the three methods used was 

calculated in US dollars. 
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RESULTS 

Three hundred febrile patients clinically suspected of malaria, fulfilling the 

inclusion criteria were included in this study. All the patients were adult 

males; mostly soldiers that reported sick to Military Hospital, Rawalpindi. 

Their ages were between 20 to 45 years (Figure 10). The mean duration 

of fever at the time of presentation in these patients was 4.78 days (+ 

2.61 days); with a minimum duration of 02 days and maximum duration of 

18 days.  

Symptoms and Signs  

Out of the 123 malaria positive febrile patients, 116 (94.3%) had 

headache, 101 (82.1%) had sweating, 98 (79.7%) complained of 

myalgias, 68 (55.3%) had rigors/chills and 16 (13%) had herpes labilais. 

Mild splenomegaly was noticed in 14 (11.4%) patients. 

Haematological Indices 

The haematological parameters; total leukocyte count (TLC), 

haemoglobin (Hb) and platelet count in malaria positive patients and 

malaria negative patients by PCR are shown in table 1. 

Thrombocytopenia (platelet count less than 100×109/L) was noted in 92 

(74.7%) of the 123 malaria positive patients (figure 11), whereas out of 

remaining 177 febrile patients who were not positive for malaria only   
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Figure 14: Bar chart depicting the ages of patients included in the study

(Years) 

Figure 10: Bar chart depicting the age distribution of the patients. (n= 300) 
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Table 1: Comparison of haematological parameters in malaria positive 

and malaria negative febrile patients. 

 

 

 Malaria Negative patients 
(n= 177) 

Malaria Positive patients  
(n= 123) 

TLC 

(109/L) 

Haemoglobin

(g/dL) 

Platelets

(109/L) 

TLC 

(109/L)

Haemoglobin 

(g/dL) 

Platelets

(109/L) 

Mean 6.69 12.7 157.19 5.53 12.2 84.59 

Median 5.70 12.9 133.00 5.10 12.4 66.00 

SD 4.20 1.81 108.760 2.58 2.10 62.68 

Minimum 1.30 6.0 10 2.17 5.7 11 

Maximum 27.70 17.9 766 24.10 20.3 391 

SD=Standard Deviation TLC=Total  Leukocyte count.     
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Figure 11: Platelet count in the malaria positive patients. (n= 123) 
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53 (29.9%) had thrombocytopenia. Mean platelet count of malaria 

positive and negative patients were 84.59+62.681 and 157.19+108.760 

respectively, which was statistically significant (p-value 0.000).`  

Microscopy 

Malaria parasite was detected in 110 (36.7%) patients by microscopy. 

Out of these positive malaria cases by microscopy 90 (81.8%) were 

P.vivax, 16 (14.6%) P.falciparum and 4 (3.6%) were mixed malarial 

infection. The mean parasite density among these patients was 

calculated to be 14000/µl (SD +11606/µl), with a range from 45 to 

81,560/µl. Fifteen patients had a parasite count less than 300/µl.  

Rapid Diagnostic Test 

OptiMAL, RDT was positive in 106 (35.3%) patients (Figure 12). Out of 

these 14 (13.2%) had P.falciparum and plasmodium species (non 

falciparum) were 92 (86.8%).  

Real time PCR 

Plasmodium genus specific real time PCR was positive in 123 (41%) 

patients.  All the patients having PCR positive malaria diagnosis became 

afebrile within a week after starting anti-malarial treatment. The 

percentage positivity/negativity, sensitivity, specificity, PPV and NPV of 

three methods are shown in Table 2. 
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Figure 12: OptiMAL RDT device results; Negative (223), Positive for 

Plasmodium vivax (200) and Positive for Plasmodium falciparum (239)  
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Table 2: Frequency and percentages of PCR, Microscopy and RDT             

(OptiMAL)  

 

 

 

 

 

 

The fluorescence detection by real time PCR of positive malaria cases as 

well as negative cases of a batch is shown in Figure 13. The lowest cycle 

Test  Positive  

n (%) 

Negative  

n (%) 

Sensitivity Specificity PPV NPV 

PCR 123(41.0%) 177(59.0%) 100% 100% 100% 100% 

Microscopy 110(36.7%) 190(63.3%) 
 

89.4% 100% 100% 93.1%

OptiMAL 106(35.3%) 194(64.7%) 86.2% 100% 100% 91.2%
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threshold valve (Ct) detected in PCR was 16 and highest (Ct) was 32.46. 

The Ct value of microscopy and OptiMAL negative and positive cases are 

shown in table 3. There was also an inverse relationship between the 

parasite density and the lowest cycle threshold in majority of the patients. 

However, in 8 of the patients this relationship could not be established.   

Microscopy of discordant results 

Seven microscopically negative slides but positive by PCR were found to 

be positive on review with extended time (200 x oil immersion fields). 

Their parasite index was between 40-90 parasites / µl.  Malaria parasite 

was detected in serially diluted sample till 1/16, 1/64and 1/1024 dilutions 

by OptiMAL, microscopy and PCR having parasitic index equivalent to 

145 /µl, 36.2/ µl and 2.2/ µl respectively. 

Cost Estimation 

The cost of consumables per test by microscopy and OptiMAL was 0.2 

and 2.75 US $ respectively. The In-house real time PCR cost per test for 

malaria detection was 3.30 US $ excluding the capital expenditure on  

 

 

equipment. The break-down of the cost of real time PCR per test in this 

study was as under. 
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1. DNA extraction (Gentra kit)                    1.70 US $ 

2. PCR mix                                                  0.50  

3. Taq DNA polymerase                              0.30 

4. Primers                                                    0.50 

5. Miscellaneous                                          0.30 

                                                Total:           3.30 US $ 
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Figure 13: Original picture of real time PCR of a batch of samples.  
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Table 3: Cycle Threshold Value (Ct) of Microscopy and OptiMAL 

negative and positive cases. 

     

Diagnostic Methods Number of 

Patients 

Mean Ct 

Value 

Std. Deviation 

(±) 

Microscopy Negative 13 28.75 2.09 

Positive 110 21.95 2.73 

OptiMAL Negative 17 27.77 2.98 

Positive 106 21.85 2.67 

 

 

 

 

 

 

 

DISCUSSION 
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More than one million malaria cases are registered in Pakistan annually.4 

The disease is more prevalent in rural areas and there is a human 

reservoir of plasmodium which perpetuates malaria throughout the year. 

The public health care system in this country works at different levels. 

The primary healthcare is supported by basic laboratory facilities, while 

some tertiary care laboratories have the infrastructure for molecular 

diagnosis. The treatment of malaria in many areas remains clinical 

though the signs and symptoms of malaria have poor specificity.148  

 Weak healthcare system incapable of providing quality assured early 

diagnosis and prompt treatment, low coverage of preventive tools and 

deteriorating security situation have increased the potential threat of 

malaria in recent years. This situation poses threat to the health of large 

segments of society but especially the vulnerable population like children, 

pregnant ladies, immunosuppressed and transfusion recipients receiving 

blood from malaria carriers. The management of malaria needs to be 

holistic and integrated within the current healthcare infrastructure and 

implementation of the treatment program needs utilization of all new 

developments on diagnostic front, both internationally and locally. 

Keeping in view the gaps in this approach, it was needed that an 

indigenous, cost effective malaria diagnostic method, with high accuracy 
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should be established, validated and made available to local health 

system. This study undertakes establishing a real time PCR and 

comparing its accuracy with other commonly used diagnostic methods 

i.e. microscopy and rapid diagnostic test OptiMAL, in patients suspected 

to have malaria. 

A strict inclusion and exclusion criteria was used to enroll the patients in 

this study who presented with short history of febrile illness and were 

suspected to have malaria. The clinical diagnosis was correct in about 

41% patients only. This once again emphasizes that clinical presentation 

of malaria is quite non specific and over diagnosis of malaria is common. 

Similarly initiation of empirical anti-malarial treatment on clinical grounds 

causes substantial economic loss especially in resource poor countries. 

Therefore clinical diagnosis of malaria should be confirmed by 

appropriate laboratory tests.  

Complete blood count (CBC) is a simple investigation which is usually 

performed in all febrile patients on presentation. In this study it was found 

that varying degree of thrombocytopenia is present in majority of patients 

(74.7%) who were malarial parasite positive. This is a very important 

finding and a salient feature of malaria which is reported by other studies 

as well.149,150  Therefore in any patient presenting with symptoms 
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suggestive of malaria with thrombocytopenia, there is a high probability 

that it would be a case of malaria. However other viral illnesses, 

especially dengue fever which has become quite prevalent in this 

country, can also present with similar symptoms and thrombocytopenia. 

P.vivax was the most prevalent malaria species found in this study. This 

co-relates with the findings of data gathered by Directorate of Malaria 

Control Program Pakistan and published by WHO.3 

 Conventional microscopy is the most commonly used methodology for 

malaria diagnosis especially in this part of the world. However its 

sensitivity and specificity is microscopist dependent and number of tests 

analyzed per day. This is more important in cases of low parasitaemia 

where false negative results have been reported by many studies.89.151In 

this study thirteen patients were negative for malaria by microscopy but 

were found to be positive by PCR. Seven out of these thirteen cases 

were found positive with microscopy on review with extended time. Their 

parasitic index was low i.e. between 40-95/µl. This study therefore, 

confirms that microscopy gives false negative results when malaria 

parasite index is low. It is also important that these results were found 

under research and ideal conditions with well trained microscopists. In a 
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busy hospital/clinic setting or field conditions, microscopy is likely to miss 

more malaria cases especially those having low parasite count. 

There were six remaining patients out of thirteen which were negative on 

microscopy after review but positive on PCR. These could be true 

negative for malaria as per microscopy or false positive given by PCR. 

This can be resolved by employing another sensitive PCR technique 

which was not available. However, in this study all the patients found 

positive for malaria parasite with any of the methodology, were 

prescribed anti-malarials only. All responded to combination anti malarial 

treatment including these six patients which were positive for malaria 

parasite with PCR only. This provided an indirect evidence for the 

diagnosis and validity of the PCR technique of this study. 

RDTs have gained popularity worldwide since 1993, when it was first 

initiated by a single company. WHO has listed approximately 50 different 

RDTs. The newer ones can separate P.falciparum from other species 

and few had PvLDH antigen-based test.78 RDTs are quite valuable in 

malaria diagnosis as they produce quick result, do not require skilled 

operator and can be used in remote areas but they are expensive than 

microscopy. The main issue with newer RDTs is not sensitivity or 

specificity in malaria diagnosis but it is their inconsistent performance. 
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Therefore appropriate selection of RDT, its evaluation and quality control 

is essential for optimum results. WHO sponsored malaria control program 

includes provision of RDTs in endemic countries. A recent field  

evaluation study carried out in India has reported an important and 

significant role of RDTs in malaria diagnosis.10 Most of the malaria 

endemic countries have logistic, training and infrastructure problems 

therefore RDTs are a suitable alternate to microscopy. 

OptiMAL is one of the immunochromatographic based RDT which is 

widely used. Its sensitivity and specificity is variable from different studies 

reported from Afghanistan, Turkey, Kuwait and Honduras, in which 

OptiMAL showed sensitivities ranging from 79.3 to 94% but specificities 

ranging from 97 to 100%.152,153,154,155 This study is comparable to above 

quoted studies. OptiMAL missed four more patients of malaria which 

were positive by microscopy and PCR in this study. Three of the patients 

had low parasite index ranging between 75-150/ µl. One patient had a 

parasite count of 18500/ul which was missed by OptiMAL. This could be 

due to variability of plasmodium strain or the level of plasmodium lactate 

dehydrogenase secreted by the parasite. It was also observed that as the 

parasite index falls below 500/ µl the colour intensity on the strip also 
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decreases correspondingly and the same has been reported by Rodulfo 

et al from Venezuela.89 

PCR based molecular detection methods for the diagnosis of malaria are 

being used for quite some time now. Conventional, nested and semi 

nested PCR techniques were used earlier but real-time PCR is found to 

be superior, quick and more sensitive and specific than nested PCR.13  

Real-time polymerase chain reaction using multiplex technique can 

identify all plasmodium species, quantify the parasites and provide 

treatment follow up especially in antimalarial resistant cases. These 

methods can detect as few as 1 parasite/ µl of blood.109 This study 

successfully established a genus specific real time PCR. This PCR is 

several fold sensitive than microscopy and OptiMAL with ability to detect 

parasite <5/uL. It has shown a significant gain in sensitivity over 

microscopy and OptiMAL while there was no difference in specificity. 

More or less similar advantage of real time PCR over microscopy and 

OptiMAL has been reported by studies from India, Venezuela, 

Bangladesh, Kenya and Tanzania.10,89,156,157   

An inverse relationship was noticed in this study in majority of the malaria 

positive patients between the parasite density and the cycle threshold at 

which it was detected by PCR. Therefore PCR can be used to quantitate 
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the malaria parasites, which is important to gauge the disease severity 

and to plan the treatment accordingly. The superiority of PCR  in this 

study to detect malarial parasite, against microscopy and OptiMAL  

indicates that real time PCR in malaria diagnosis has replaced 

microscopy as gold standard as reported earlier as well.128 

Cost per test of malaria diagnosis with RDTs and more so with PCR is an 

issue which restricts its wider usage especially in developing countries. 

However, it is important to remember that we have the obligation to bring 

the best of what medicine and research can offer. In this study the 

expenditure per test of in house real time PCR , excluding the onetime 

capital cost of PCR equipment was, approximately 3.30 US$ which is  

quite reasonable. OptiMAL cost per test was 2.75 US$, but this difference 

is not much considering the diagnostic superiority of real-time PCR. 

There is a need to make rational cost benefit analysis of employing PCR 

in routine malaria diagnosis especially where malaria is endemic. 

Empirical combination of anti malarial therapy is not cheap either and 

huge budget is wasted on drugs annually without making proper malaria 

diagnosis. 

This study had few limitations. The reference samples from cultures of 

malaria used as positive control were not available; however the positive 



103 
 

control was effectively prepared from pooled sample of microscopically 

proven malaria cases. This is a preliminary study in which only malaria 

genus specific real-time PCR is established. This study would form basis 

for future research in this field to develop multiplex real time PCR for 

species identification and quantification of parasite.  

Real time PCR is now a well established technique for the detection of 

malaria worldwide. The developed countries had their own scope of its 

utilization as malaria is not a major health issue in these countries. PCR 

is mainly used there as a confirmatory test in problematic, imported and 

drug resistant cases. It is regularly used in epidemiological studies and 

population based surveys.  

Transfusion transmitted malaria (TTM) is one of the serious 

complications of blood transfusion which is often fatal. It is now being 

reported worldwide, mostly from the endemic countries. All the blood 

products except plasma can transmit malaria. Microscopy and RDTs are 

not sensitive enough to detect the asymptomatic healthy blood donors 

who are carriers for malaria parasite. Similarly antibody  based malaria 

diagnostic tests are not suitable for endemic areas.158 Real time PCR has 

been recently reported to identify carriers of malaria among a relatively 

high proportion (1.34%) of healthy blood donors from Brazil.159 Real time 
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PCR based malaria donor screening is appropriate and a superior 

methodology. 

Malaria is endemic in Pakistan with high burden in certain remote areas. 

It constitutes a national health priority. The important strategies for WHO 

Roll Back Malaria program outlined by Directorate of Malaria Control from 

2010 include universal coverage of early diagnosis and to eliminate the 

residual foci of malaria transmission. Beside WHO, Bill and Melinda Gate 

Foundation is the largest privately operated foundation in the world, 

working in the health sector. Malaria control is one of their goals in 

endemic African and Asian countries. The foundation main focus is to 

provide financial support in research and development in the vector 

control programme, vaccine development and interruption of malarial 

transmission. The emphasis is on provision of effective antimalarial drugs 

and diagnostics. 

Real time PCR for malaria detection if appropriately developed and 

utilized, could play an important role in early diagnosis, effective 

treatment and eradication of malaria in this country. It can be used to 

estimate the hidden reservoir of malaria by population surveys. To make 

it more cost effective, real time PCR can be employed in small pools for 
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this purpose. Sri Lanka is utilizing this strategy with PCR to assist their 

malaria elimination program.129 

It is also recommended that all primary care and secondary care centers 

in this country be linked with at least one tertiary care centre having an 

established real time PCR facility. The criterion defined for utilization of 

this service should be based on existing prevalence of treatment failures 

in malaria, which resulted due to lack of laboratory proof of malaria. 

However the blood samples of vulnerable patients should be referred 

earlier for PCR testing if microscopically negative for malarial parasite. 

Dried blood on filter paper can be studied and this will prove to be useful 

for malaria PCR testing and monitoring from remote areas. Malaria 

transmission through blood transfusion is a real threat in this country.160 

The prevalence of transfusion transmitted malaria can be assessed by 

employing this sensitive technique as a first step towards policy for blood 

donor screening by PCR for malaria in this country. It can be made more 

cost effective by testing blood donors in small pools. 
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CONCLUSION 

Real time PCR for the diagnosis of malaria was successfully established. 

The study clearly indicates that real time PCR is a very sensitive method 

for diagnosis of malaria than microscopy and OptiMAL especially in 

cases of low parasitaemia. The use of in house PCR method for malarial 

dignosis is quite affordable. Malaria diagnosis by real time PCR could be 

a valuable tool in reference laboratories to provide diagnostic help in 

difficult cases.  

RECOMMENDATIONS 

1. This study could be used for targeted policy interventions for early and 

accurate diagnosis of malaria in high risk health sectors like oncology, 

bone marrow transplantation and obstetrical/ neonatal units.  

2. It could be employed in malaria eradication program through 

population surveys to find hidden reservoirs of asymptomatic malaria. 

3. Future project should be done employing this highly sensitive 

technology to screen asymtomatic blood donors for detection of malarial 

parasite. 
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Plasmodium falciparum small sub unit ribosomal RNA gene 

ORIGIN 

01 aacctggttg atcttgccag tagtcatatg cttgtctcac agattaagcc atgcaagtga 
61 aagtacatat gtaagtaata tattgaaact gcgaacggct cattaaaaca gttataatct 
121 acttgatgtt tttaatataa ggataactac ggaaaatctg tagctaatac ttgtgaaaat 
181 accttttgat atatacatat gtatgtatca ttaaggtatg tatttgttag atataagaat 
241 aaaataaata taattgaatt ataacaaaga agaaacacat aaaatatgtg tattatcaat 
301 cgagtatctg acctatcagc ttttgatgtt agggtattga cctaacatgg ctatgacggg 
361 taacggggaa ttagagttcg attccggaga gggagcctga gaaatagcta ccacatctaa 
421 ggaaggcagc aggcgcgtaa attacccaat tctaaaaaag agaggtagtg acaagaaata 
481 acaatacaat atcgaaaaat gattttgtaa ttggaatgat aggaatttac aaggttccta 
541 gagaaacaat tggagggcaa gtctggtgcc agcagccgcg gtaattccag ctccaatagc 
601 atatattaaa attgttgcag ttaaaacgtt cgtagttgaa tattaaagaa tccgatgttt 
661 catttaaact ggtttgggaa aaccaaatat attatatatt ttgctttgtt caaaataagg 
721 ttttctaata aattatgttt ttatcagata tgacagaatc ttttttaaaa tctcttcaat 
781 atgcttttat tgcttttgag aggttttgtt actttgagta aaattaagtg ttcataacag 
841 acgggtagtc atgattgagt tcattgtgtt tgaatactac agcatggaat aacaaatatg 
901 aataagctaa ttattttttt tttcattatt ttttttgata ttcttattag cttagttacg 
961 attaatagga gtagctttgg gggcattcgt attcagatgt cagaggtgaa attctaagat 
1021 tttctggaga cggactactg cgaaagcatt tgcctaatct atttccatta atcaagaacg 
1081 aaagttaagg gagtgaagac gatcagatac cgtcgtaatc ttaaccataa actataccga 
1141 ctaggtgttg gatgaatata aaaaatatat aaatatgtag catttcttag ggaatgttga 
1201 ttttatatta gaattgcttc cttcagtacc ttatgagaaa tcaaagtctt tgggttctgg 
1261 ggcgagtatt cgcgcaagcg agaaagttaa aagaattgac ggaagggcac caccaggcgt 
1321 ggagcttgcg gcttaatttg actcaacacg ggaaaactca ctagtttaag acaagagtag 
1381 gattgacaga ttaatagctc tttcttgatt tcttggatgg tgatgcatgg ccgtttttag 
1441 ttcgtgaata tgatttgtct ggttaattcc gataacgaac gagatcttaa cctgctaatt 
1501 agcggtaagt acactatatt tttatttgaa attgaatata ggtaattata catgtttatt 
1561 cagtgttcaa attaggatat tttttttatt aaaatattct tttccctgtt ttactaataa 
1621 tttgtttttt tttactctat ttctctcttc ttttaagaat gtacttgctt gattaaataa 
1681 agcttcttag aggaacagtg tgtatctaac acaaggaagt ttaaggcaac aacaggtctg 
1741 tgatgtcctt agataaacta ggctgcacgc gtgctacaat gatatatata acaagttgtt 
1801 aaaaatgtac ttataaataa gtgtgtacaa tttttcctgt actgaaaagt ataggtaatc 
1861 tttatcagta tatatcgtaa ttgggataga ttattgcaat tattaatctt gaacgaggaa 
1921 gcccgtcgct cctaccgatt gaaagatatg ataaattgtt tggatatgaa ttaaaataat 
1981 agaagtcgta acaaggtttc cgtaggtgaa cctgcggaag gatcattaat atatgaaacg 
 

 
         GenBank: M19173.1 
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Plasmodium vivax small subunit ribosomal RNA gene 

ORIGIN       

 1 aacctggttg atcttgccag tagtcatatg cttgtctcaa agattaagcc atgcaagtga 
61 aagtatatgc atattttata tgtagaaact gcgaacggct cattaaaaca gttataatct 
121 acttgacatt ttttctataa ggataactac ggaaaagctg tagctaatac ttgctttagc 
181 actcttgatt catttcttga gtgtgtactt gttaagcctt ttaagaaaaa agttattaac 
241 ttaaggaatt ataacaaaga agtgacacgt aatggatccg tccattttta gtgtgtatca 
301 atcgagtttc tgacctatca gcttttgatg ttagggtatt ggcctaacat ggctatgacg 
361 ggtaacgggg aattagagtt cgattccgga gagggagcct gagaaatagc taccacatct 
421 aaggaaggca gcaggcgcgt aaattaccca attctaaaga agagaggtag tgacaagaaa 
481 taacaataca aggccaatct ggctttgtaa ttggaatgat gggaatttaa aaccttccca 
541 aaactcaatt ggagggcaag tctggtgcca gcagccgcgg taattccagc tccaatagcg 
601 tatattaaaa ttgttgcagt taaaacgctc gtagttgaat ttcaaagaat cgatatttta 
661 agcaacgctt ctagcttaat ccacataact gatacttcgt atcgactttg tgcgcatttt 
721 gctattatgt gttcttttaa ttaaaatgat tctttttaag gactttcttt gcttcggctt 
781 ggaagtcctt gttactttga gtaaattaga gtgttcaaag caaacagata tagcattgcg 
841 cgtttgaata ctacagcatg gaataacaaa attgaacaag tcagaatttt gttctttttt 
901 cttattttgg cttagttacg attaatagga gtagcttggg ggcatttgta ttcagatgtc 
961 agaggtgaaa ttcttagatt ttctggagac aaacaactgc gaaagcattt gcctaaaata 
1021 cttccattaa tcaagaacga aagttaaggg agtgaagacg atcagatacc gtcgtaatct 
1081 taaccataaa ctatgccgac taggctttgg atgaaagatt ttaaaataag aattttctct 
1141 tcggagttta ttcttagatt gcttccttca gtgccttatg agaaatcaaa gtctttgggt 
1201 tctggggcga gtattcgcgc aagcgagaaa gttaaaagaa ttgacggaag ggcaccacca 
1261 ggcgtggagc ttgcggctta atttgactca acacgggaaa actcactagt ttaagacaag 
1321 agtaggattg acagattaat agctctttct tgatttcttg gatggtgatg catggccgtt 
1381 tttagttcgt gaatatgatt tgtctggtta attccgataa cgaacgagat cttaacctgc 
1441 taattagcgg caaatacgat atattcttac gtgggactga attcggttga tttgcttact 
1501 tcgaagaaaa tattgggata cgtaacagtt tccctttccc ttttctactt agttcgcttt 
1561 tcatactgtt tctttttcgc gtaagaatgt atttgcttga ttgtaaagct tcttagagga 
1621 acgatgtgtg cctaacacaa ggaagtttaa ggcaacaaca ggtctgtgat gtccttagat 
1681 gaactaggct gcacgcgtgc tacactgata tgtataacga gttattaaaa ttacgattca 
1741 gcttgctgtt tcgtattttt cctccactga aaagtgtagg taatctttat cagtacatat 
1801 cgtgatgggg atagattatt gcaattatta atcttgaacg aggaatgcct ggtaagcatg 
1861 attcatcaga ttgtgctgac tacgtccctg ccctttgtac acaccgcccg tcgctcctac 
1921 cgattgaaag atatgatgaa ttgtttggac aagaagaagg gggattatat ctcctttttt 
1981 ctggaaaaac cgtaaatcct atcttttaaa ggaaggagaa gtcgtaacaa ggtttccgta 
2041 ggtgaacctg cggaaggatc atta 

       GenBank: U03079.1 
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Plasmodium malariae small subunit ribosomal RNA gene 

ORIGIN       

        1 atatatatat atactgtttg tgtttaattg tagtagaaat actacgatta ttttgcaata 
       61 tgtgcgttat atatttattg tatttaagcc attttttata acatttaagt tatgatatta 
      121 ttattgattt tagtgaaatt atgttctgtt tttataatat tattatataa gtaacctggt 
      181 tgatcttgcc agtagtcata tgcttgtctc aaagattaag ccatgcaagt gaaagtatat 
      241 gcatatttta tatgtagaaa ctgcgaacgg ctcattaaaa cagttatagt ctacttgaca 
      301 ttttttttat aaggataact acggaaaagc tgtagctaat acttgcttta atactcttaa 
      361 ttcttatgtt tttttgagta tgtatttgtt aagccttata agagaaaagt atattaactt 
      421 aaggattata acaaagaagt aacacataat aaatttcgaa tatttagtgt gtatcaatcg 
      481 agtttctgac ctatcagctt ttgatgttag ggtattggcc taacatggct atgacgggta 
      541 acggggaatt agagttcgat tccggagagg gagcctgaga aatagctacc acatctaagg 
      601 aaggcagcag gcgcgtaaat tacccaattc taaagaagag aggtagtgac aagaaataac 
      661 aatgcaaggc caaattttgg ttttgcaatt ggaatgatgg gaatttaaaa ccttcccaga 
      721 aggcaattgg agggcaagtc tggtgccagc agccgcggta attccagctc caatagcgta 
      781 tattaaaatt gttgcagtta aaacgctcgt agttgaattt caaggaatca atattttaag 
      841 taatgctttg tatatttata acatagttgt acgttaagaa taaccgccaa ggcttatatt 
      901 ttttctgtta cattttgttt tattaatata tatatgcgtt cttattataa aaatgattct 
      961 ttttaaaatt cttttgtata attttttatg catgggaatt ttgttacttt gagtaaatta 
     1021 gagtgttcaa agcaaacagt taaaacagtt tctgtgtttg aatactacag catggaataa 
     1081 caaaattgaa caagtcagaa gtttgttctt ttttcttatt ttggcttagt tacgattaat 
     1141 aggagtagct tgggggcatt tgtattcaga tgtcagaggt gaaattctta gattttctgg 
     1201 agacaagcaa ctgcgaaagc atatgcctaa aatacttcca ttaatcaaga acgaaagtta 
     1261 agggagtgaa gacgatcaga taccgtcgta atcttaacca taaactatgc cgactaggtg 
     1321 ttggatgata gtgtaaaaaa taaaagagac attcttatat atgagtgttt cttttagata 
     1381 gcttccttca gtaccttatg agaaatcaaa gtctttgggt tctggggcga gtattcgcgc 
     1441 aagcgagaaa gttaaaagaa ccgacggaag gggacacagg cgtggagctt gcggcttaat 
     1501 ttgactcaac acggggaaac tcactagttt aagacaagag taggattgac agattaatag 
     1561 ctctttcttg atttcttgga tggtgatgca tggccgtttt tagttcgtga atatgatttg 
     1621 tctggttaat tccgataacg aacgagatct taacctgcta attagcggta atacactata 
     1681 ttcttaagtg aaattagaat atagataaat tgtgctaatt ttgattaaaa tattagaatg 
     1741 ttttttttaa taaaaacgtt cttttccctt tttttcttaa ttatgcatat ttattctttt 
     1801 tcttttttcg cataagaatg tatttgctta atgtaagctt cttagaggaa cgatgtgtgt 
     1861 ctaacacaag gaagtttaag gcaacaacag gtctgtgatg tccttagatg aactaggctg 
     1921 cacgcgtgct acactgatat gtataacgag tatttaaaaa tatatatctt gttatgttat 
     1981 acgtatttct atatgtatgc atacaaagaa tatatagttt gctcactgaa agtgtaggta 
     2041 atctttatca atatatatcg tgatggggat agattattgc aattattaat cttgaacgag 
     2101 gaatgcctag taagcatgat tcatcagatt gtgctgacta cgtccctgcc ctttgtacac 
     2161 accgcccgtc gctcctaccg attgaaagat atgatgaatt gtttggacaa gaaaaaaggt 
     2221 ttttattctt ttttctggaa aaatcgtaaa tcctatcttt taaaggaagg agaaagtcgt 
     2281 aacaaggttt ccgtcggtga acctgcggaa ggatcatta 

    GenBank: M54897.1 
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Plasmodium ovale small subunit ribosomal RNA gene 

ORIGIN       

        1 aacctggttg atcttgccag tagtcatatg cttgtctcaa agattaagcc atgcaagtga 
       61 aagtatatgc atattttata tgtagaaact gcgaacggct cattaaaaca gttataatct 
      121 acttgaaatt tctaccttac aaggataact acggaaaagc tgtagctaat acttgcttta 
      181 atgcgtttga atccttttgg attcccgcgt atgtacttgt taagtcttta agaaagaagt 
      241 ttataactta aggaattata acaaagaagt aacacataat aaggttgcct tatttagtgt 
      301 gtatcaatcg agtttctgac ctatcagctt ttgatgttag ggtattggcc taacatggct 
      361 atgacgggta acggggaatt agagttcgat tccggagagg gagcctgaga aatagctacc 
      421 acatctaagg aaggcagcag gcgcgtaaat tacccaattc taaagaagag aggtagtgac 
      481 aagaaataac aatacaaggc catttcatgg ttttgtaatt ggaatgatgg gaatttaaaa 
      541 ccttcccaaa attcaattgg agggcaagtc tggtgccagc agccgcggta attccagctc 
      601 caatagcgta tattaaaatt gttgcagtta aaacgctcgt agttgaattt caaagaatca 
      661 atattttaag taatactttt gctataagat gcttagacaa tacaacgtat ctgttctttg 
      721 cattccttat gcaaaatgtg ttcttattat aaaaaggatt ctttttaaaa tctcttttgc 
      781 tattttttag tattggagat tttgttactt tgagtaaatt agagtgttca aagcaaacag 
      841 ttaaagcatt ttattgcgtt tgaatactac agcatggaat aacaaaattg aacaagtcag 
      901 aattctgttc ttttttctta ttttggctta gttacgatta ataggagtag cttggaggca 
      961 tttgtattca gatgtcagag gtgaaattct tagattttct ggagacaaac aactgcgaaa 
     1021 gcatttgcct aaaatacttc cattaatcaa gaacgaaagt taagggagtg aagacgatca 
     1081 gataccgtcg taatcttaac cataaactat gccgactagg ttttggatga aagattttta 
     1141 aataagaaaa ttcctttcgg ggaaatttct tagattgctt ccttcagtac cttatgagaa 
     1201 atcaaagtct ttgggttctg gggcgagtat tcgcgcaagc gagaaagtta aaagaattga 
     1261 cggaagggca ccaccaggcg tggagcttgc gcttaatttg actcaacacg gggaaactca 
     1321 ctagtttaag acaagagtag gattgacaga ttaatagctc tttcttgatt tcttggatgg 
     1381 tgatgcatgg ccgtttttag ttcgtgaata tgatttgtct ggttaattcc gataacgaac 
     1441 gagatcttaa cctgctaatt agcggcgaat acgttatatt cttatgtgaa attgaatata 
     1501 gctgaatttt cttattttga agaatacatt aggatacaat taatgtgtcc ttttccctat 
     1561 tctacttaat tcgcaattca tgctgtttct cttttgcata ggaatgtatt cgtttgattg 
     1621 taaagcttct tagaggaacg atgtgtgtct aacacaagga agtttatggc aacaacaggt 
     1681 ctgtgatgtc cttagatgaa ctaggctgca cgcgtgctac actgatatgt ataacgagtt 
     1741 actaaaaata tacttttgtt agggtatttt atatactctt tcaaattgta tagttttcct 
     1801 ccactgaaaa gtgtaggtaa tctttatcag tacatatcgt gatggggata gattattgca 
     1861 attattaatc ttgaacgagg aatgcctagt aagcatgatt catcagattg tgctgactac 
     1921 gtccctgccc tttgtacaca ccgcccgtcg ctcctaccga ttgaaagata tgatgaattg 
     1981 tttggacaag aaaagaaaga atttatattc ttttttttct ggaaaaaccg taaatcctat 
     2041 cttttaaagg aaggagaagt cgtaacaagg tttccgtagg tgaacctgcg gaaggatcat 

GenBank: L48987.1 
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PATIENT PROFORMA 
 

PATIENT’S PARTICULARS

Name: 

Age:                                                   Gender: 

Army no.                                            Rank:                               Unit: 

Civilian:                                              Profession:                       Ward: 

Hospital                                              CNIC NO:                        Marital Status: 

Phone No:                                           Email: 

City / Province:                       

Referred By:                                        Date: 

Admission No: 

CLINICAL PRESENTATION: 

 Time since onset of symptoms_______________________________________________ 

 

 SYMPTOMS: 

o Fever________________________Type________________________________ 

o Rigors/Chills__________________Sweating____________________________ 

o Headache_________________ Muscle aches and pains_________________ 

o Cough_____________ Diarrhea_____________ Sore throat______________ 

o Others_________________________________________________________ 

SIGNS: 

 Spleen___________________________ Liver____________________________ 

 Herpes Labialis__________________  Rash_____________________________ 

 Relative Bradycardia__________________  Lymphadenopathy___________ 

 Signs of meningeal irritation_________________________________________ 

 

TREATMENT / MEDICATION_________________________________________________ 

 

 

 

Patient Consent                

Dated_____________           Medical Officer 
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