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INTRODUCTION

Malaria is a major infectious disease that is a significant 
global health concern because of its high morbidity and mor-
tality worldwide [1]. The Securing Ugandans’ Right to Essen-
tial Medicines (SURE) program of the Uganda Ministry of 
Health reported in its The Value Chain Newsletter that approx-
imately 31% of adults and 36% of children aged less than 5 
years in Uganda had been diagnosed with malaria in 2010 [2]. 
Although many medical service organizations and health cen-
ters are working to prevent and control malaria, they do not 
have sufficient medical or human resources to accomplish 
these goals [2]. Therefore, malaria-related mortality in Uganda 

remains high and without significant reduction in the last de-
cade [1,2]. Because the clinical symptoms of malaria are very 
similar to those of other febrile illnesses, diagnosis of malaria 
based on clinical manifestations alone is unreliable [3]. The 
microscopic examination of thick blood films is the gold-stan-
dard method for malaria diagnosis [4,5], but requires expen-
sive and fragile microscopes as well as well-trained microsco-
pists. Furthermore, the diagnostic reliability of microscopy can 
be questionable, especially in samples with low parasitemia or 
with mixed species infections [6-8]. To overcome these diag-
nostic problems, detection methods such as rapid diagnostic 
tests (RDTs) and nucleic acid tests (NATs) have been devel-
oped for malaria diagnosis [9-12]. Because RDTs are easy to 
use, fast to assay, and require no special instruments, these 
tests have been widely used in recent years to detect malaria 
infections. Several antigens, such as Plasmodium histidine-rich 
protein 2 (HRP2) [13], lactate dehydrogenase (pLDH) [14], 
aldolase [15], and glutamate dehydrogenase [16], have been 
identified and used in RDTs to detect malaria infections. 
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Abstract: In recent years, rapid diagnostic tests (RDTs) have been widely used for malaria detection, primarily because of 
their simple operation, fast results, and straightforward interpretation. The Asan EasyTestTM Malaria Pf/Pan Ag is one of 
the most commonly used malaria RDTs in several countries, including Korea and India. In this study, we tested the diag-
nostic performance of this RDT in Uganda to evaluate its usefulness for field diagnosis of malaria in this country. Micro-
scopic and PCR analyses, and the Asan EasyTestTM Malaria Pf/Pan Ag rapid diagnostic test, were performed on blood 
samples from 185 individuals with suspected malaria in several villages in Uganda. Compared to the microscopic analy-
sis, the sensitivity of the RDT to detect malaria infection was 95.8% and 83.3% for Plasmodium falciparum and non-P. 
falciparum, respectively. Although the diagnostic sensitivity of the RDT decreased when parasitemia was ≤500 parasites/
µl, it showed 96.8% sensitivity (98.4% for P. falciparum and 93.8% for non-P. falciparum) in blood samples with parasit-
emia ≥100 parasites/µl. The specificity of the RDT was 97.3% for P. falciparum and 97.3% for non-P. falciparum. These 
results collectively suggest that the accuracy of the Asan EasyTestTM Malaria Pf/Pan Ag makes it an effective point-of-
care diagnostic tool for malaria in Uganda.
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Among them, HRP2 and pLDH are targets used in most cur-
rently deployed RDTs [17-20].

The Asan EasyTestTM Malaria Pf/Pan Ag is an RDT that de-
tects parasite HRP2 and pLDHs and has been approved by the 
Korean Food and Drug Administration (KFDA). This RDT is 
widely used in many clinic centers and hospitals in Korea and 
India, but further evaluation of its diagnostic accuracy is re-
quired, especially in endemic countries on other continents. In 
this study, we assessed the diagnostic accuracy of the Asan 
EasyTestTM Malaria Pf/Pan Ag by comparing the sensitivity, 
specificity, and positive and negative predictive values of this 
RDT with those of microscopic examinations in symptomatic 
malaria patients in Uganda. 

MATERIALS AND METHODS

Ethics statement
All participants and patients were informed of this study, 

and the signed informed consent was obtained according to 
ethical standards. Written confirmation with full information, 
including the procedures and the potential risks and benefits 
of this study, was provided before blood collection. Blood col-
lection was conducted with approval from the Ministry of 
Health, Uganda. Blood samples from children were obtained 
after consent from their parents. All personal identifiers and 
patient information were anonymized. Pregnant women and 
patients with signs of severe and complicated Plasmodium fal-
ciparum malaria as defined by the World Health Organization 
(WHO) [21] were excluded from this study. This study was 
conducted according to the principles of the Declaration of 
Helsinki.

Study area and blood samples
Field studies were carried out in primary health centers in 6 

villages of Kiyuni Parish, Kyankwanzi District, Uganda in April 
and September 2011. Malaria transmission in this area has not 
been described in detail, but the primary mosquito vector 
Anopheles funestus has been frequently observed in association 
with P. falciparum infection. Patients with suspected malaria 
who sought treatment at health centers for febrile symptoms 
(axillary or internal ear temperature more than 37.5˚C or his-
tory of fever in the previous 24 hr) were selected, and approxi-
mately 3 ml of venous blood was drained into an EDTA anti-
coagulant tube. In children aged less than 5 years, only finger-
tip blood samples were collected. A total of 184 blood samples 

were analyzed in this study.

Microscopic examinations
Thick and thin blood smears were prepared immediately af-

ter blood collection and stained with 4% Giemsa for 20 min. 
Three experienced Ugandan technicians examined the blood 
films following the standard protocols [22]. Parasites in thick 
blood films were counted against 299-500 white blood cells. 
The parasite density was estimated assuming 8,000 white 
blood cells/μl of blood [6,22]. Each examination was per-
formed in duplicate by independent microscopists to mini-
mize the error or potential bias. Patients diagnosed with ma-
laria by microscopy received WHO-recommended anti-malari-
al therapy. The microscopic analysis was confirmed by the De-
partment of Parasitology, Inha University School of Medicine, 
Korea to minimize diagnostic errors.

PCR analysis 
To confirm the results of microscopic examinations, we also 

performed 18s ribosomal RNA (18s rRNA)-based nested PCR 
analysis as described previously [23]. Genomic DNA was ex-
tracted from 100 μl of whole blood sample using a QIAamp 
Blood Kit (Qiagen, Valencia, California, USA) according to the 
manufacturer’s instructions. Amplicons from the nested PCR 
were separated by electrophoresis on a 2% agarose gel and 
stained with ethidium bromide for visualization using ultravi-
olet trans-illumination.

Rapid diagnostic test (RDT)
The RDT used in this study was the Asan EasyTest Malaria 

Pf/Pan Ag (lot. no.: D3036, exp. date: 2012/06/25) manufac-
tured by Asan Pharmaceutical Co. Ltd. (Hwaseong, Gyeonggi-
do, Korea) under the technical assistance from GenBody Inc. 
(Cheonan, Chungcheongnam-do, Korea), which is designed 
to detect P. falciparum-specific HRP2 and pan-specific pLDH. 
The RDT contains a membrane strip, which is pre-coated with 
2 monoclonal antibodies as 2 separate lines (line 1, a mono-
clonal antibody specific to P. falciparum HRP2; line 2, a mono-
clonal antibody specific to pLDH) and a control line (line 3). 
This RDT is therefore able to differentiate between P. falciparum 
and non-P. falciparum malaria. The RDT was used according to 
the manufacturer’s instructions. In brief, 20 μl of whole blood 
was loaded into the injection well of the device. Four drops of 
assay diluent were added to the buffer well. The test result was 
interpreted within 20 min.
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Data analysis
RDT results were compared with those of microscopic ex-

aminations. A value of P<0.05 was considered statistically sig-
nificant. The sensitivity, specificity, and predictive values of the 
RDT were calculated using the formula generally used. To de-
termine sensitivity and specificity, RDT results were compared 
with the microscopy results. The sensitivity was defined as the 
percentage of positive results among samples confirmed to be 
malaria positive by microscopic examinations. The specificity 
was the percentage of negative results among samples whose 
thick blood films were negative for malaria. The positive pre-
dictive value (PPV) and the negative predictive value (NPV) 
were the proportion of true-positive results among all positive 
samples and the proportion of true negative results among all 
negative samples, respectively.

RESULTS  

Twice field tests were carried out in 6 villages of Kiyuni in 
Uganda at April and at September of 2011. Among 185 indi-
viduals with suspected malaria whose age ranged from 1 to 53 
years, 110 individuals (59.5%) were positive for malaria by mi-
croscopic examinations and PCR analysis (Table 1). The 
mean±SD age of the malaria patients was 10.4±11.0 years; 
27.2% were ≤3 years, 37.3% were 4-10 years, 18.2% were 11-
20 years, 13.6% were 21-40 years, and 3.6% were ≥40 years. 
The ratio of male:female patients was 0.55:1. The parasitemia 
of the 110 positive samples ranged from 39 to 40,888 para-
sites/µl. Microscopic examinations of blood smears from 110 
malaria-positive patients revealed that P. falciparum infection 
was most prevalent: P. falciparum infection (n=71; 64.6%), 
non-falciparum malaria infection (n=36; 32.7%), and mixed 
infection of P. falciparum and non-falciparum malaria (n=3; 
2.7%) (Table 1).

To evaluate the diagnostic performance of EasyTestTM Pf/Pan 
Ag, the 185 blood samples were also examined using this RDT. 
Compared to the results of microscopic examinations, 4 of 71 
negative samples were positive for malaria, 2 for P. falciparum 
and 2 for non-falciparum malaria (Table 1), although the pos-
itive response in each sample was very weak. However, 8 of 
110 positive samples in microscopic examinations were nega-
tive in the Asan EasyTestTM Pf/Pan Ag (Table 1). To confirm the 
results obtained from microscopic examinations, we also per-
formed genus-specific PCR analysis, which resulted in the 
same pattern of positivity with microscopic examinations (Ta-
ble 1). All non-P. falciparum malaria were confirmed to be P. 
vivax in the PCR analysis.

Based on these results, we analyzed the diagnostic perfor-
mance of the Asan EasyTestTM Pf/Pan Ag using 95% confidence 
intervals (CIs). The sensitivity of the RDT was 95.8% for P. falci-

parum and 83.3% for non-falciparum malaria. The specificity 
was 97.3% for P. falciparum and 94.4% for non-falciparum ma-
laria; the overall PPV and NPV were 96.3% and 94.9%, respec-
tively. As expected, the sensitivity of the EasyTestTM Pf/Pan Ag 
test was low for blood samples with low parasitemia. For P. fal-

ciparum, the RDT had 100% sensitivity for samples with parasit-
emia >500 parasites/µl, but only 66.6% when there were <100 
parasites/µl in the sample. Similarly, the RDT showed 100% 
sensitivity for non-falciparum malaria in samples with >500 
parasitemia, but it decreased to 50% in samples with <100 
parasitemia (Table 2). To determine the detection limit of the 
RDT, we also examined the analytical sensitivities of the RDT 
against experimentally diluted blood samples with different 
parasitemia of P. falciparum or P. vivax. The minimum detection 
level of the RDT was determined to be 79 parasites/µl for P. fal-

ciparum and 125 parasites/µl for P. vivax. The RDT showed simi-
lar analytical sensitivity against blood samples with mixed spe-
cies of P. falciparum and P. vivax (data not shown).

Table 1. Comparison of results between microscopic examination and the Asan EasyTestTM Pf/Pan Ag

 

Microscopy PCR EasyTestTM Pf/Pan Ag

No. of samples No. of samples
No. of samples

Negative P. falciparum Non-P. falciparum

Negative 75 75 71 2 2
Positive 110 110

   P. falciparum 71 71 3 68 0

   Non-P. falciparum 36 36 4 2 30

   Mixed 3 3 1 2 0
Total 185 185 79 74 32
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DISCUSSION

The Asan EasyTestTM Pf/Pan Ag is an RDT approved by KFDA 
for detection of malaria. In recent years, its use has been in-
creasing in many public and private clinic centers in Korea and 
several other countries, but its diagnostic performance in field 
settings had not yet been established. In this study, we evaluat-
ed the diagnostic performance of the Asan EasyTestTM Pf/Pan 
Ag in 6 villages of Kiyuni Parish in Uganda. 

According to the WHO recommendations for RDT perfor-
mance, only 2 RDTs have been approved; these RDTs have a re-
ported sensitivity greater than 95% for samples with parasit-
emias ≥100 parasites/µl: 96.8% for the CareStartTM Malaria test 
and 95.2% for the OptiMAL-ITTM test [24]. However, the pres-
ent study shows that the sensitivity of the Asan EasyTestTM Ma-
laria Pf/Pan Ag is 96.8% (95.8% for P. falciparum and 83.3% 
for non-P. falciparum) for samples having the same parasite 
density, similar to the sensitivity reported for the CareStartTM 
Malaria test. Although we found 4 false-positive results with 
the RDT, we could not fully exclude the possibility that false-
positive results were actually true-positives, which could be 
missed by microscopic examinations because of sequestration 
that limited the number of circulating parasites at the time of 
blood collection [25] or that the blood samples were from in-
dividuals with circulating rheumatoid factors [19,26,27]. As 
shown in Table 1, 3 cases (1.6%) were identified as mixed in-
fections. The rate of malaria co-infection was similar to that re-
ported in previous surveys [28,29]. However, the RDT was un-

able to detect mixed infections in the presence of P. falciparum 
because of cross-reactivity with the pan-specific pLDH band.

In conclusion, we evaluated the clinical performance of the 
Asan EasyTestTM Malaria Pf/Pan Ag using blood samples collect-
ed in Uganda. The accuracy of the RDT was similar to that of 
RDTs recommended by WHO. Therefore, the Asan EasyTestTM 
Malaria Pf/Pan Ag may be a reliable diagnostic tool to detect P. 
falciparum and non-P. falciparum malaria infections in Uganda, 
and can contribute to malaria control efforts in the country. 
However, we used a limited number of blood samples and a 
small number of sites in this study; more extensive tests with 
more samples from various global populations are needed to 
fully evaluate the diagnostic performance of the Asan EasyTestTM 
Malaria Pf/Pan Ag RDT.
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