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Diagnosis of Malaria

1. Clinical diagnosis

The earliest symptoms of malaria are very non-specific such as headache, bodyache, lack of a sense of well being, fatigue, abdominal discomfort and fever. Occasionally, chest pain, abdominal pain, diarrhea, arthralgia, urticaria, and myalgia may be present. Though clinical presentation of malaria may be variable, most patients with uncomplicated malaria present with fever, malaise, and mild anaemia. In young children there may be irritability, refusal to eat and vomiting.

On physical examination, fever may be the only sign. The characteristic description of tertian (spikes of fever on alternate days) fever with chill and rigour may not be present in a large number of patients. The fever is usually persistent to start with rather than tertian and may even be absent in some cases. The fever may or may not be accompanied by rigours. In some patients the liver and spleen are palpable. Overall, the clinical features of malaria are non-specific and similar presentations may be seen in several other infective diseases of the tropics.

Non-specific nature of the clinical presentation of malaria may lead to over-treatment of malaria in malaria endemic areas and missing the diagnosis of malaria in low transmission areas. In malaria endemic areas this may lead to misdiagnosis and non-treatment of other diseases. Clinical assessment, however, is the most important tool for the diagnosis of malaria, and will probably continue to be the basis for the management of malaria in the near future. 

Early diagnosis of malaria not only mitigates the sufferings of individuals but also reduce transmission of the parasite in the community. The diagnosis of malaria is essentially made from clinical features. Demonstration of Plasmodia by laboratory examination confirms the diagnosis.

2. Parasitological diagnosis

There are 4 species of the genus Plasmodium, which are responsible for human malaria. They are Plasmodium vivax, Plasmodium falciparum, Plasmodium malariae, and Plasmodium ovale. Of them only P.vivax and P.falciparum are prevalent in India. Parasitological diagnosis is primarily required to confirm clinical diagnosis. Laboratory support is particularly helpful in the following situations:

· Diagnosis of severe malaria

· Diagnosis of mild malaria in low transmission areas, and during the non-transmission season in high transmission areas. 

· Diagnosis of asymptomatic carriers in the community in the endemic areas.

· Diagnosis of treatment failures.

Light microcopy and other microscopic procedures are the most common methods for detection of malaria parasites in the peripheral blood and can be widely used at different level of health care system. 

Diagnosis of malaria can be made by:

· Clinical diagnosis 

· Parasitological diagnosis through light microscopy 

· Detection of parasite derived proteins

· Nucleic acid probes and use of polymerase chain reaction. 

2.1 Light Microscopy 

Basic light microscopy has many advantages. It is cost effective, fairly sensitive, and highly specific, can be used to differentiate between species and determine parasite density. It can also be used to diagnose many other conditions.

For diagnosis of malaria, thick and thin smears are prepared from blood collected either by finger prick or by phlebotomy.

· Thick smear helps in rapid diagnosis, even when the parasitaemia is low. 

· Thin smear is preferred for determination of species and morphological details of the parasite. Thin film also provides information regarding erythrocyte morphology, leukocytes, and platelets.

It is advocated in the programme to prepare both thick and thin smears on the same slide.

Staining methods:

JSB (Jaswant Singh and Bhattacharji) stain: It is a rapid staining method and is extensively used in field conditions and government hospitals. Though inexpensive, it requires expertise to achieve very good colour contrast. It is less helpful in diagnosing other disease conditions. 

Giemsa stain: It provides good quality staining and colour contrast for detection of malaria parasite and identification of species. It can stain both thick and thin smears and can be used for diagnosis of other conditions. The stain is stable in tropical conditions. However, it is less popular in India because the procedure is time consuming though several samples can be run simultaneously in one batch. 

Leishman stain: It provides good colour contrast but being alcohol based stain it cannot be used in hot climate field conditions. Staining of a thick film needs modification of the method. 

2.2 False negative results:
· Very low parasitaemia

· Sequestration of parasitized red cells in the microvasculature and maturation in broods.

· Patients who have been recently or partially treated with antimalarial drugs or who have taken prophylactic drugs.

· Technical factors such as poorly prepared or stained blood films, poor microscopy, inexperienced technicians, etc. 



2.3 Other microscopic techniques:

Various attempts have been made to improve the sensitivity of conventional microscopic techniques. These attempts have been based on:

· Concentrating parasitized erythrocytes into one area by density gradient centrifugation of heparinised blood samples, or by selective magnetic separation techniques.

· Improving the detection by staining with DNA binding fluorescent dyes. While, parasitized erythrocytes take up fluorescent stain due to staining of parasite nucleic acids, non-parasitised erythrocytes are not stained as they do not possess nucleus and nucleic acids.

· The quantitative buffy coat technique (QBC) has combined all these approaches e.g. concentrating the parasites by centrifugation and staining with fluorescence dyes. The area below the buffy coat is usually visualized for detecting the fluorescence. 

However, all these methods are relatively complex, require sophisticated equipment, and are expensive. Therefore, light microcopy so far has been widely used for diagnosis of malaria. 

3. Detection of parasite derived proteins

These tests are based on detection of P.falciparum specific circulating proteins in the whole blood. One such parasite-specific protein histidine-rich protein II (PfHRP-II or HRP-II) is released to circulation from the infected erythrocytes, which can be detected by an immuno-enzymatic detection test.

Advantages:

· The test is highly sensitive and specific

· It is fast and simple.  One test can be completed in 10-15 minutes and many can be done simultaneously

· It does not require expertise, equipment, or laboratory facilities. Unskilled staff with only a little training can perform the test and hence most suitable for field conditions.

Limitations

· Circulating antigens can be detected up to 2-4 weeks after treatment, and therefore, the test will be positive even after clearance of the parasites.

· Quantification of parasite load is not possible.

· Stage identification is not possible

· The test is costly

Immuno-enzymatic tests are of immense help in patients with clinical suspicion of severe falciparum malaria, where parasites are not detected microscopically. False positive results due to residual circulating antigen should not normally lead to over diagnosis if used only in cases with strong clinical suspicion of malaria.

Parasite-specific lactic dehydrogenase (LDH) has also recently been found to be positive in patients with P.falciparum and P.vivax parasitaemia. Immunologically and structurally parasite LDH is different from human LDH. It is a simple and rapid dipstick test and superior to HRP-II for its shorter self life in blood.

4. Nucleic acids:

Nuleic acid probes and the use of polymerase chain reaction (PCR) can detect and identify low-grade infections with accuracy and reliability. Field application of all the nucleic acid based methods is currently not feasible because it is time consuming with complicated procedures, requires well established laboratory and costly equipment / expensive reagent, and it requires high skilled manpower.

If there is uncertainty in identification of the species in severe malaria patients, it should always be considered as P.falciparum.


Positive smear in the absence of clinical malaria may be seen in highly endemic areas where asymptomatic parasitaemia is very common.


High parasitaemia, growing stages of parasites (trophozoites and schizonts) and pigment-laden neutrophils indicate poor prognosis in severe malaria. 





A thick blood smear should always be examined in all suspected cases of malaria
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