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INTRODUCTION 

Malaria is endemic throughout most of the tropics. Of the 

approximately 3.4 billion people worldwide who are 

exposed annually, 1.2 billion are at high risk; the World 

Health Organization (WHO) states that more than 207 

million developed symptomatic malaria in 2012.1 Malaria 

is a major health problem in India, being one of the 

biggest burdens in terms of morbidity and mortality 

among all infectious diseases.2One of the most 

important problems in controlling malaria is limited 

access to effective diagnosis and treatment. The 

earliest symptoms of malaria are very nonspecific and 

variable such as fever with chills, rigor, nausea and 

vomiting, headache, body ache, fatigue and abdominal 

discomfort. Hence, there is difficulty to clinically 

diagnose malaria but treatment has to be started 

immediately in order to avoid complications.3 Thus, 

the non-specific nature of clinical presentation of 

malaria may lead to overtreatment of malaria and 

missing diagnosis of malaria in low transmission areas. 

Therefore, precise diagnosis and species identification 

is very essential.4  

Diagnostic modalities which are available for malaria 

are conventional peripheral blood smear examination, 

concentration techniques such as buffy coat smears 

and fluorescent (QBC) technique, rapid antigen 

detection test e.g. Optimal, SD Bioline, Para HIT-f, 

Para check, ICT, Para screen and Molecular diagnostic 

methods such as Polymerase chain reaction (PCR). 

These techniques vary in their sensitivity, specificity, 
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ABSTRACT 

 

Background: Malaria is common, life threatening infection in endemic area and presents diagnostic challenge to 

laboratories in most endemic areas. A rapid and accurate diagnosis is a pre requisite for effective treatment, especially 

for potentially fatal cases of falciparum infection.  

Methods: Total 200 patients presented with fever and chills, were taken for study and performances of peripheral 

blood and centrifuged buffy coat smear were compared against the result of rapid antigen detection test (standard 

method). 

Results: out of 200 cases, 55 were positive by rapid detection test.30 of P. vivax, 24 of P. falci and 1 was mixed 

infection. Peripheral smear had 85.5% sensitive and 100% specific compared to RDT which was 100 % sensitive and 

specific whereas centrifuged buffy coat was 92.7% sensitive and 99.3% specific.  

Conclusions: Easy, rapid, most sensitive and specific diagnostic method will help in early diagnosis and lead to 

decrease in morbidity and mortality.  
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positive and negative predictive values, time 

consumption, cost effectiveness and ease of procedure 

etc.5 Keeping in mind the seriousness of the condition 

and the current availability of diagnostic facilities 

across India, the present study is undertaken to 

compare between the peripheral blood smear 

examination, centrifuged buffy coat smear 

examination and rapid antigen detection test using 

histidine rich protein-2 antigen and plasmodium lactate 

dehydrogenase enzyme in patients with symptoms of 

fever with chills.  

METHODS 

A total number of 200 patients presented with fever with 

chills were taken for the study. Leishman stained 

peripheral blood smear examination, centrifuged buffy 

coat smear examination and rapid antigen detection test 

using histidine rich protein-2 antigen and plasmodium 

lactate dehydrogenase using SD BIOLINE malaria 

antigen Pf/Pan were performed on all the 200 patients. 

Patients already received recent antimalarial therapy or 

who had been treated with antimalarial drugs were 

excluded from the study. With aseptic precautions, from 

each patient-approximately 2 mL of venous blood sample 

was collected in EDTA and subjected to various 

techniques for the diagnosis of malaria like-peripheral 

smear examination, centrifuged buffy coat smear and 

antigen detection test (SD Bio Line Malaria Antigen 

Pf/Pan kit). 

Peripheral blood smear  

Smears were prepared and stained with Leishman stain. 

After staining, smears were examined at 100 x. 200 oil 

immersion fields were examined before smear was 

reported as negative for malaria.6  

Centrifuged buffy coat smear 

Smears were prepared by taking blood in Wintrobe's 

tube, which was centrifuged at 3000 rpm for 12-15 min. 

Then supernatant plasma was separated and discarded 

from the Wintrobe’s tube, a buffy coat and an equal 

thickness of RBCs layer just below was aspirated and 

used to make smears which were stained by Leishman 

stain.  

After staining, the smears were examined at 100X 

magnification. 100 oil immersion fields were examined 

before smear was reported as negative.  

SD bio line malaria antigen  

Pf/Pan rapid test which is one step, rapid and differential 

test for the detection of HRP-2 specific to P. falciparum 

and pLDH pan specific to plasmodium species. Rapid 

antigen detection test was taken as the standard reference 

in the present study.7-9 Sensitivity, specificity, PPV and 

NPV of peripheral smear and centrifuged buffy coat 

smear were compared with rapid antigen detection test 

results. 

RESULTS 

Out of 200 cases, 55 cases were malaria positive by rapid 

antigen detection test, which was considered as the 

standard reference in the present study.  

Of the 200 cases tested, 55 cases were positive by SD Bio 

Line malaria antigen P.f./Pan rapid test, 47 cases were 

positive by peripheral smear examination and 52 cases 

were positive for malaria by centrifuged buffy coat smear 

examination (Table 1).

 

Table 1: Results of all three diagnostic methods. 

 PS CBCS Antigen detection test (AG) Cases Interpretation 

 Negative Negative Negative 144 PS+CBCS+AG negative 

 Negative Positive Positive 4 CBC+AG positive 

 Negative Negative Positive 4 Only AG positive 

 Negative Positive Negative 1 Only CBCS positive 

 Positive Positive Positive 47 PS+CBCS+AG positive 

Total 47 52 55 200 55 cases positive 

 

Table 2: Comparison of peripheral smear 

examination with rapid antigen detection test. 

PS 
Rapid Antigen detection test 

Total 
Positive Negative 

Positive 47 0 47 

Negative 8 145 153 

Total 55 145 200 

Peripheral blood smear examination showed sensitivity, 

specificity, positive and negative predictive values of 

85.5%, 100%, 100% and 94.7% respectively in 

comparison with rapid antigen detection test (Table 2).  

Centrifuged buffy coat smear examination showed 

sensitivity, specificity, positive and negative predictive 
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values of 92.7%, 99.3%, 98.1% and 97.3% respectively 

in comparison with rapid antigen detection test (Table 3).  

Table 3: Comparison of centrifuged buffy coat smear 

examination with rapid antigen detection test. 

CBCS 
Rapid antigen detection test 

Total 
Positive Negative 

Positive 51 1 52 

Negative 4 144 148 

Total 55 145 200 

DISCUSSION 

Malaria is a parasitic infection of global importance and 

is a major public health problem in India accounting for 

sizeable morbidity, mortality and economic loss.10 The 

surveillance activities against malaria are aimed at early 

diagnosis and prompt treatment of cases to reduce 

attributable morbidity and mortality.10 

 

Figure 1: Ring form of P. falciparum on peripheral 

smear. 

 

Figure 2: Gametocyte of P. falciparum (black arrow) 

with monocyte (red arrow) on peripheral smear. 

The absolute necessity for rational therapy in the face of 

rampant drug resistance places importance on the 

accuracy of malaria diagnosis.11 The traditional 

diagnostic method used is the blood smear examination 

of fever cases. Though it is the time tested and optimum 

method for diagnosis of malaria, known as gold standard, 

there are some operational difficulties, which results in 

delay of radical treatment in many cases. This delay can 

be dangerous in cases of Plasmodium falciparum.10 Rapid 

detection and effective treatment is a pre-requisite for 

reducing the morbidity and mortality due to malaria. 

Newer techniques like Antigen detection assays are rapid, 

simple and easy to interpret.12 Previous studies showed 

that RDT based on malaria antigen method is as specific 

as the traditional microscopy and even appears more 

sensitive than microscopy.7,8,13 

 

Figure 3: Schizont (black arrow) and ring form (red 

arrow) of P. Vivax on peripheral smear. 

 

Figure 4: Schizont of P. Vivax on peripheral smear. 

 

Figure 5: Schizont of P. Vivax on centrifuged buffy 

coat smear. 

The present study was designed to compare the 

sensitivity, specificity, positive predictive value and 

negative predictive values of Leishman stained PS and 
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CBCS in clinically suspected cases of malaria by using 

rapid antigen detection test as the standard reference.7,8 

 

Figure 6: Gametocyte of P. falciparum on centrifuged 

buffy coat smear. 

The present study was conducted in which 200 cases 

presented with fever with chills were taken for the study. 

All the 200 cases were tested for malaria by using 

following diagnostic methods- 

• Leishman stained peripheral smear examination 

• Centrifuged buffy coat smear examination 

• Rapid antigen detection test (using SD BIOLINE 

Pf/Pan malaria antigen Kit). 

In the present study, we failed to detect 4 cases of P. 

vivax and 4 cases of P. falciparum by peripheral smear 

examination, may be due to sequestration of parasites 

coupled with low parasitemia. The sensitivity, specificity, 

PPV and NPV values of Peripheral smear in present 

study were 85.5%, 100%, 100% and 94.7% which are 

consistent with Bhandari PL et al (86.79%, 100%, 100%, 

87.03%) and Akhtar S et al (85%, 96%, 96.2%, 86.6%).4,7 

 

Figure 7: SD bio line malaria antigen Pf/Pan rapid 

test- negative. 

In the present study, we failed to detect 2 cases of P. 

vivax and 2 cases of P. falciparum by centrifuged buffy 

coat smear examination may be due to sequestration or 

due to low parasitemia. One case was diagnosed positive 

for P. vivax by centrifuged buffy coat smear due to 

misinterpretation which was diagnosed as negative by 

peripheral smear examination and rapid antigen detection 

test.14-16 The sensitivity, specificity, PPV and NPV values 

of centrifuged buffy coat smear in present study were 

92.7%, 99.3%, 98.1% and 97.3% which are consistent 

with Akhtar S et al.7 

 

Figure 8: SD bio line malaria antigen Pf/Pan rapid 

test- P. falciparum +ve. 

 

Figure 9: SD bio line malaria antigen Pf/Pan rapid 

test- P. vivax +ve. 

 

Figure 10: SD bio line malaria antigen Pf/Pan rapid 

test- mixed +ve. 

Importance of centrifuged buffy coat smear over 

peripheral smear 

• By adding the process of centrifugation to the 

peripheral smear technique, 4 more cases were 

detected, improving its sensitivity to a great extent 

from 85.5% to 92.7% -a total of 7.2% extra cases 

were detected. Earlier studies of Duangdee C et al 

and Davis R et al showed that there was a significant 

increase in the sensitivity of malaria detection in 

blood samples where parasitized red cells have been 

enriched through centrifugation and it could detect 

malarial parasites in patients whose conventional 

smear shows negative parasitemia17,18 
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• Among PS positive cases, CBCS had an exceptional 

sensitivity of 100% 

• Among PS negative cases, however CBCS could 

detect 4 out of 8 cases, but it over detected one case. 

This false positivity may still be accepted due to its 

ability to detect 50% more of cases which were not 

detected by peripheral smear. This underlies the 

importance of CBCS test in suspected malaria cases 

who are negative by peripheral smear examination 

• It is cheap, easy to perform and cost effective 

• Equipment required for this technique is available in 

peripheral laboratories. Hence, it can be used in rural 

area 

• The sensitivity, specificity, PPV and NPV values of 

centrifuged buffy coat smear in present study were 

92.7%, 99.3%, 98.1% and 97.3% compared to 

peripheral smear whose sensitivity, specificity, PPV 

and NPV values were 85.5%, 100%, 100% and 

94.7%. 

Importance of rapid antigen detection test over 

peripheral smear 

• By undergoing rapid antigen detection test, negative 

cases by peripheral smear were greatly benefited 

because 8 cases which were not detected by 

peripheral smear, they were detected by rapid antigen 

detection test either due to low parasitemia or due to 

sequestration of parasite. Thus, improving the 

sensitivity from 85.5% to 100%. Earlier studies of 

Azikiwe CCA et al and Aubouy A et al showed that 

rapid antigen detection test is as specific as PS and 

appears even more sensitive than PS8,19 

• Among PS positive cases, rapid antigen detection test 

had an exceptional sensitivity of 100% and as 

specific as PS 

• Though PS is cost effective, but it is time consuming 

(30-40minutes), require electricity and microscope, 

require trained and skilled microscopist. Whereas, 

rapid antigen detection test is simple, single step 

rapid (3-5minutes), does not require expertise. 

Importance of rapid antigen detection test over 

centrifuged buffy coat smear examination 

• By undergoing antigen detection test, negative 

patients of centrifuged buffy coat smear would be 

greatly benefitted because 4 cases which were not 

detected by CBCS, they were detected by antigen 

detection test. Thus, improving its sensitivity from 

92.7% to 100% 

• It is simple, rapid (3-5 minutes), easy to perform, 

sensitive and specific 

• Since the test requires no laboratory or technical 

equipment, a diagnostic facility can be set up in rural 

areas and require little training to interpret the results 

• Though the cost of the test may prevent its routine 

use but if complications associated with malaria 

considered, it may be a better option in emergency 

situations, area where workload is high which delays 

results and in places where experienced microscopist 

is not available. It can be performed at bedside in 3-5 

minutes, therefore delay in treatment is usually 

avoided. 
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