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ABSTRACT
Objective: To correlate the diagnostic methods such as
Quantitative Buffy coat (QBC), Blood smear and Antigen detection
in diagnosing malarial infection.
Design: A hospital based prospective study
Place and Duration of Study: Department of Microbiology,
Saveetha medical college, Thandalam, Kanchepuram district.
From April 2010 to September 2010.
Materials and Methods: A total of 572 blood samples from
clinically suspected malaria patients were included in this study.
All the samples were subjected to three different techniques such

as staining technique (thick and thin smear), antigen detection test
and Quantitative Buffy Coat technique (QBC).
Results: Among the 572 samples, 92 (16.08 %) samples were
found to be positive for malarial parasite. Of the positive samples,
90 (97.82%) samples were positive by smear, 78 (84.78%) samples
were positive by QBC, 69 (75%) samples were positive by antigen
detection test.
Conclusion: In conclusion we suggest using two diagnostic tools,
antigen detection and smear in conjunction for the early diagnosis
of malarial infection or use antigen detection as a primary test as
well as a screening tool for obtaining a fast positive or negative
result and confirming it with gold standard test.
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KEY MESSAGE
n

Blood smears and QBC were found superior to antigen detection assay.

n

Malarial antigen detection test was less time consuming.

Introduction
Malaria is one of the major parasitic diseases affecting 300-500
million people annually worldwide and accounts for over 1 million
deaths [1]. It is caused by parasites of the species Plasmodium
that are spread from person to person through the bites of
infected mosquitoes. In the year 1898, malaria was shown to be
transmitted among humans by female Anopheles mosquitoes [2].
Approximately, 40% of the world’s population, mostly those living
in the world’s poorest countries, are at risk of malaria. Every year,
more than 500 million people become severely ill with malaria.
Most cases and deaths are in sub-Saharan Africa. Malaria afflicts
90 countries and territories in the tropical and subtropical regions
and almost one half of them are in Africa, south of Sahara. About
36% of the world population (i.e., 2020 million) is exposed to the
risk of contracting malaria [3]. Pregnant women and children have
an increased susceptibility to malaria with mortality predominant in
children [1].
Natural transmission of malaria depends on the presence of, and
relationship between the three basic epidemiological factors: the
agent, the host and the environment. While the malaria parasite is
the true agent of infection, the female anopheles mosquito is the
agent of transmission. There are four species of human malaria
parasites Plasmodium vivax, P. falciparum, P. malariae and P. ovale.
In India 60 to 65 % of the infections are due to P. vivax and 35 to
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40% due to P. falciparum. Only few cases of P. malariae have been
reported from Orissa and Karnataka [4].
A presumptive diagnosis of malaria is based upon the presence of
fever with chills and rigors alone. The clinical suspicion of malaria
would be confirmed by a laboratory test which is simple to perform,
rapid, sensitive, specific, and less expensive. At the present time,
no such test exists. The most common test for malaria diagnosis
remains the microscopic examination of, Leishman or Fields stained
blood smears. Microscopy has historically been the mainstay of the
diagnosis of malaria. Clinical diagnosis of malaria currently depends
on the visualization of parasites by light microscopy of Giemsastained thick and thin blood smears. This procedure is cheap and
simple, but it is a labour intensive procedure and requires welltrained personnel [5]. Microscopy is also time-consuming and has
limited sensitivity when parasitemia is low. Malaria microscopy,
currently considered the “gold standard” [6].
During the last decade, several new diagnostic methods for malaria
have been developed, including antigen detection, fluorescencebased assays (e.g., quantitative buffy coat) and PCR. Each of these
tests has strengths and weaknesses in terms of test parameters,
cost, and technical complexity [7].
With the spread of parasite resistance to antimalarial drugs and the
increasing difficulty in controlling malaria, it is a potential medical
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emergency it is important to diagnose malaria accurately and to
treat it correctly. Delays in diagnosis and treatment are leading
causes of death in many countries. In the laboratory, malaria is diag
nosed using different techniques, e.g. conventional microscopic
diagnosis by staining thin and thick peripheral blood smears, other
concentration techniques, e.g. Quantitative Buffy Coat (QBC)
method, rapid diagnostic tests and molecular diagnostic methods,
such as polymerase chain reaction (PCR). Rapid Diagnostic Tests
have been used experimentally since the early 1990s [8].

QBC
Smear

Antigen Detection test

Positive

Negative

Positive

Positive - 90

63

27

67

Negative
23

Negative - 482

15

467

2

480

Total -572

78

494

69

503

[Table/Fig-1]: Comparison of peripheral blood smears examination with
QBC & HRP II Antigen for malarial parasite detection.

In this study we correlate different diagnostic methods for the early
and accurate detection of Plasmodium species in a tertiary care
hospital.

Test

QBC

Antigen
Detection test

Sensitivity (%)

80.76

97.10

Specificity (%)

94.53

95.42

Materials and Methods

PPV (%)

70.00

74.44

NPV (%)

96.88

99.58

A total of 572 blood samples were collected from clinically malaria
suspected patients at Saveetha Medical College for a period
of six months (April-Sept). Five ml of blood was obtained by
venepuncture from the cubital vein with aseptic precautions and
anti-coagulated with EDTA. Collected samples were received in the
clinical parasitology laboratory and detection of malarial parasite
was done by the following techniques.

Staining [6]
Thick and thin blood smears were prepared on two slides and
stained by Leishman’s stain. All stained slides were screened for
malarial parasites using microscope (100X).

Antigen detection test [9]
Blood samples were subjected to antigen detection using SD kit
as per kit instructions. All kit components were brought to room
temperature. The anti-coagulated blood sample was mixed by
gentle swirling. 5 µl of whole blood was added into the sample
well and 2 drops (60 µl) of assay buffer into the buffer well. The test
result was read after 20 minutes.

Quantitative Buffy Coat
technique (QBC) [6]
Specially designed microhematocrit tubes coated with acridine
orange were used. Approximately, 55-60 μl of blood was loaded
into the tubes and stopper and float were applied at either ends.
The tubes were centrifuged at 12000 RPM. The interpretation was
done using a standard microscope fitted with Para Lens ultraviolet
microscope adaptor and a × 60 objective connected to fibre optic
ultraviolet light module.

Results
Of the 572 samples, 92 (16.08 %) samples were found to be positive
for malarial parasite. Among this 92 positive samples, 90 (97.82%)
were positive by smear and the positivity of QBC and antigen
detection test were 78 (84.78%) and 69 (75%) respectively.
Out of 92 positive samples, 90 were identified as Plasmodium vivax
using staining technique and out of this 78 were positive by QBC.
Among the 69 samples which were positive for antigen detection,
67 showed positive for other Plasmodium sp and only two cases
of Plasmodium falciparum (2.17%) which was detected by antigen
detection alone. Comparison of peripheral blood smear examin
ation with QBC & HRP II Antigen for malarial parasite detection is
shown in [Table/Fig-1].
Sensitivity, specificity Positive predictive value (PPV) and Negative
predictive value (NPV) of QBC and Antigen detection methods is
962

www.jcdr.net

[Table/Fig-2]: Sensitivity, specificity Positive predictive value (PPV) and
negative predictive value (NPV) of QBC and Antigen detection test.

calculated using 2 × 2 table with Leishman’s stain smear as the
gold standard is shown in [Table/Fig-2].

Discussion
Accurate diagnosis is essential both to target antimalarial drugs and
to enable effective management of the frequently fatal nonmalarial
febrile illnesses that share signs and symptoms with malaria [10].
Early detection and effective management of malaria is very much
needed in reducing the morbidity and mortality due to the malarial
disease. The development of easy, rapid, and accurate tests for
the detection of plasmodial infection is highly desirable [11].
Ninety eight percent of the positive samples were found to be
Plasmodium vivax by Leishman’s staining. The proportion of P. vivax
and P. falciparum varies in different parts of India. Epidemiological
survey by Kumar et al on true malaria burden in India stated that
the southern Tamil Nadu state have less than 10% of infection by
P. falciparum and the rest are P. vivax infections [12]. In the present
study, total incidence of malaria parasite was found to be 16.08 %
(92/572) almost similar observation (19.95%) was made in South
Indian study by Parija et al [13].
In our study, the sensitivity was 97.77% and specificity was 100%
for smear. Similar study done by Bhandari et al [14] has quoted
the sensitivity percentages as 85% and 86.79%. The specificity
was mentioned 100% each respectively. Sensitivity of smear in our
study was slightly higher compared with the above studies.
Quantitative Buffy Coat technique had a sensitivity of 80.76% and
specificity of 94.53%. The sensitivity of QBC has been reported
to be as high as 90% by Bimala Gurung et al [13], 96.22% by
Bhandari et al [14] and 99.7% by Benito et al [15]. But relatively
low sensitivity of QBC was observed in our study. The reasons
for low sensitivity of QBC could be (1) If the parasitic level is <100
parasites/µl (0.002% parasitemia) the sensitivity range from 41 to
93% [2]. The specificity of QBC has been found to be lower (52%),
particularly for the centrifugal method, where the denser latestage parasites may be hidden in the separated mononuclear cell
layer [16]. Moreover, false negative results may be due to difficulty
in identifying parasites by the first-time users [13]. Despite this,
the specificity of the test as yielded (94.53%) by this study which
shows it is good diagnostic test.
Antigen detection test showed a sensitivity of 97.10% compared
with thick smear and specificity was found to be 95.42%. Sensitivity
of antigen detection test was much higher when compared to
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QBC which shows antigen detection test is a better screening test.
On comparing it with smear, both had almost similar sensitivity
but one limitation of the antigen detection kits is that they cannot
diagnose relapse in patients with P. vivax infection, which still
remains an important advantage of microscopy [17].
Interestingly, we were able to detect two Plasmodium falciparum
infection in antigen detection alone which was not detected by smear
and QBC. In these two cases probably the parasite sequestered
and this prevented its detection in smear and QBC examination.
Similar observation was also made by Mendiratta et al [18]. This
result is partly explained by the fact that the body slowly eliminates
HRP-2 after parasite clearance. Also the HRP-2 has been shown
to persist and is detectable after the clinical symptoms of malaria
have disappeared and the parasites have apparently been cleared
from the host [19].
Humar et al [20], detected circulating HRP-2 antigen in 68% of
treated patients on day 7, and in 27% it was still present on day 28.
The reason for the persistence of the HRP-2 antigen is not well
understood and may reflect the presence of latent, viable parasites.
In addition, the action of antimalarial therapy may influence the
persistence of HRP-2.
In spite of all above facts, the two cases detected by antigen test
were treated with suitable antimalarial drugs because patient was
symptomatic.
The gold standard for laboratory diagnosis is still microscopic
examination of thick and thin blood films. However, in the hospital
environment as well as in the field, this is time-consuming and
does not allow for a quick preliminary diagnosis. The Rapid
Diagnostic Tests (RDT), therefore, has enabled a prompt positive
or negative result to be available to the clinician within minutes. The
only drawback to these tests is the inability to clearly differentiate
between all the human Plasmodium species.
In conclusion, taking all possible pros and cons of the diagnostic
methods and patients care, we suggest using two diagnostic tools,
antigen detection and smear in conjunction for the early diagnosis
of malarial infection or use antigen detection as a primary test as
well as a screening tool for obtaining a fast positive or negative
result and confirming it with gold standard test. The antigen
detection test had high sensitivity and specificity. In addition it is
less time consuming and easy to perform.
In a country where malaria is endemic, opting for two different test
for a diagnosis will not be a concern when it comes in managing
the patient where early diagnosis and timely therapy is required,
thus averting the florid manifestations of malaria and reducing
morbidity and mortality.
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