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     INTRODUCTION 

 The global prevalence of dengue has grown dramatically 
in recent decades. The disease is now endemic in more than 
100 countries in Africa, the America, Eastern Mediterranean, 
Western Pacific, and particularly in South East Asia. The World 
Health Organization (WHO) estimates that more than 2.5 bil-
lion people are at risk of dengue infections with 50–100 million 
cases occurring annually. Among these infections, approxi-
mately 250,000–500,000 cases are dengue hemorrhagic fever 
(DHF), with 24,000 deaths that mostly occurred in children. 1,  2  
One of the most important reasons for the increase in cases 
is most likely caused by rapid development and urbanization, 
which provide breeding sites for  Aedes aegypti , a principal 
mosquito vector responsible for transmission of dengue virus 
(DENV). The spread of infection is also enhanced by mod-
ern air travel and international trade such as motor vehicle 
tires, which facilitates the transmission of infected individuals 
and mosquito larvae to non-infected areas, posing the treat of 
introducing both the virus and its vector. 

 Therefore, the emerging pattern and the increasing trend in 
the incidence of dengue infection are of great concern as there 
is no specific treatment of dengue, and most forms of therapy 
are supportive in nature. Furthermore, a licensed vaccine is 
not available yet. 

 There are four dengue serotypes (DENV-1, DENV-2, 
DENV-3, DENV-4), which can cause illnesses in humans 
ranging from the self-limiting to the life-threatening dengue 
hemorrhagic fever and dengue shock syndrome (DHF/DSS). 
Classical dengue fever (DF) is generally self-limited and 
is characterized by fever and a variety of non-specific signs 
and symptoms such as headache, malaise, weakness, rash and 
body aches. The DHF is distinguished from DF by the onset 
of plasma leakage, marked thrombocytopenia, and a bleed-
ing diathesis. Severe plasma leakage can lead to shock, with 
the mortality rate for untreated patients varying between 10% 
and 20% but can reach as high as 40% with the involvement of 
shock. However, the figure can be minimized to 0.2% in hospi-
tals with staff trained in managing the disease. 3  

 With the increasing incidence of dengue infection, the early 
diagnostic confirmation of dengue infection in patients allows 
for timely clinical intervention, etiological investigation, and 
disease control. Hence, diagnosis of dengue disease during the 
acute phase should be a priority and is a public health con-
cern. Several approaches have been applied for laboratory 
diagnosis of dengue virus infection. These methods include 
detection of the virus (by cell culture, immunofluorescence), 
detection of virus antigen (by enzyme-linked immunosor-
bent assay [ELISA]), detection of anti-dengue virus antibody 
(by hemagglutination inhibition [HI], complement fixation 
test [CF], neutralization tests, ELISA), and detection of virus 
nucleic acid (by real-time reverse transcription-polymerase 
chain reaction [RT-PCR]). However, for a confirmed dengue 
diagnosis, DENV should be identified by isolation or nucleic 
acid detection or there should be a 4-fold rise in antibody titer 
with paired sera in patients presenting with signs and symp-
toms that are consistent with dengue virus infection. Recently, 
commercially available kits have been developed for the rapid 
detection of dengue infections. 4–  8  These kits are designed 
based on the principle of detecting the presence of NS1 anti-
gen and/or anti-dengue antibodies in the blood of suspected 
dengue patients. 

 The NS1 is a highly conserved glycoprotein that is pres-
ent at high concentrations in sera of dengue-infected patients 
during the early clinical phase of disease, and is found from 
Day 1 and up to Day 9 after onset of fever in sample of pri-
mary or secondary dengue-infected patients. 9,  10  The IgM 
become detectable on Day 3 to 5 of illness in case of primary 
dengue infection and persist for 2 to 3 months, whereas IgG 
appear by the fourteenth day and persist for life   . Secondary 
infection shows that IgG rises within 1 to 2 days after 
onset of symptoms, simultaneously with IgM antibodies. 
Therefore, patients with secondary infections will have a pos-
itive IgG result, usually, but not always with a positive IgM 
result. 11–  13  

 In this study, a commercially available rapid dengue diag-
nostic kit, the SD BIOLINE Dengue Duo combo device 
(Standard Diagnostic Inc., Korea), which is designed for 
the detection of dengue NS1 antigen and IgM/IgG antibod-
ies was evaluated for it potential application for early diag-
nosis of acute dengue virus infection based on a single acute 
serum sample. The evaluation was performed with reference 
to the existing laboratory diagnostic test methods, such as 
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dengue virus isolation, real-time RT-PCR, in-house IgM 
capture ELISA (MAC-ELISA), and HI. 

   MATERIALS AND METHODS 

  Serum specimens.   A total of 420 sera were used in this 
evaluation. These blood samples were collected from patients 
admitted to University Malaya Medical Center (UMMC), 
Kuala Lumpur, Malaysia, for acute viral infection. These sera 
consist of 1) 30 samples from which dengue virus was isolated, 
2) 50 samples positive for dengue virus RNA by RT-PCR, 
3) 50 samples from which dengue NS1 antigen was detected 
positive by both the Platelia Dengue NS1 antigen (Bio-Rad 
Laboratories, Marnes-la-Coquette, France) and pan-E dengue 
early ELISA (Panbio, Queensland, Australia), 4) 50 samples 
that were IgM negative but sero-converted in convalescent 
sera, 5) 10 pairs of confirmed primary dengue, 6) 10 pairs of 
confirmed secondary dengue, 7) 100 random samples for which 
IgM to dengue was detected, 8) 20 samples that were diagnosed 
clinically as dengue but laboratory tested as negative, and 9) 
80 samples from healthy donors and patients with infections 
other than dengue ( Table 1A  and  B ). All samples were 
subjected to virus isolation, in-house MAC-ELISA, in-house 
dengue real-time RT-PCR, and HI assay. Written informed 
consent was obtained from the patients. Ethical clearance was 
given by the Scientific and Ethical Committee at the UMMC, 
with procedures carried out in accordance with the Helsinki 
Declaration of 1975, as revised in 2000. 14  

             Virus isolation.   Virus isolation was carried out by inoculating 
5 μL of acute sera into confluent C6/36 mosquito cell lines 
and incubated at 28°C for 7 to 10 days. Dengue antigens 
were then detected by immunofluorescence with dengue-
specific monoclonal antibodies obtained from Center for 
Disease Control and Prevention (Foothills Campus, Fort 
Collins, CO). 15,  16  

   In-house hemagglutination inhibition assay.   The HI assay 
was carried out as described earlier. 17  Briefly, 25 μL of 0.4% 
bovine albumin borate saline (BABS) was added into wells 
2 to 12 of a 96-well ELISA microtiter plate. Fifty microliters 
and 25 μL of acetone-extracted serum were added into wells 
1 and 12, respectively, and the serum was titrated from well 1 
to well 12. Twenty-five microliters antigen was added into the 
first 11 wells while BABS was added into the last well (serum 

control), after which the plate was covered and incubated 
at 4°C for 18 to 24 hours. Freshly prepared Goose RBC 
(50 μL) was added into all the wells and the microtiter 
plate was further incubated at 37°C for 45 minutes, before 
interpreting the results. The results are interpreted according 
to WHO guidelines. 18  

   In-house IgM capture ELISA (MAC-ELISA).   The in-house 
MAC ELISA was carried out as described earlier. 19  Briefly, 
100 μL of a 1:100 dilution of sample was added to human 
anti-IgM-coated 96-well U bottomed plates and incubated at 
37°C for 1 hour. After washing three times with PBS-Tween 
20 (0.05%), 100 μL of a 1:100 dilution of dengue antigen was 
added and then incubated at 37°C for another hour. The plates 
were then washed three times with PBS-Tween 20 (0.05%), 
followed by addition of 100 μL of a 1:5000 dilution of anti-
dengue mouse monoclonal antibody and further incubation at 
37°C for 1 hour. The plates were washed again with PBS-Tween 
20 (0.05%) and 100 μL of a 1:50,000 dilution of goat anti-
mouse IgG conjugated with horseradish peroxidase (HRP) 
was added, before incubation for 1 hour at 37°C hour. After 
three additional washes, 100 μL of OPD (o-phenylendiamine 
2HCl) was added to all wells and incubated in the dark at 
room temperature. The reaction was stopped with 50 μL 4N 
sulphuric acid and the absorbance (OD) of each well was 
read at λ490 nm with a reference filter of 630 nm using an 
ELISA reader. The positive versus negative ratio was then 
calculated. The positive control/sample OD was divided by the 
mean of the negative OD to obtain a positive:negative ratio 
(P/N). A P/N ratio of equal or greater than 2.0 was considered 
positive. A result with a P/N ratio of less than 2.0 was reported 
as negative if the sample was collected two weeks after 
disease onset. 

   Real-time RT-PCR.   The one-step SYBR green I real-time 
RT-PCR was carried out in an iCycler (Bio-Rad Laboratories, 
Hercules, CA) thermocycler using an iScript one-step RT-PCR 
Kit with SYBR Green I (Bio-Rad Laboratories), as described 
by Yong and others. 20  Briefly, 5 μL of the extracted sample 
RNA was added to a 25 μL reaction containing 1 × SYBR 
Green I, 75 nM of each primer, and 3 mM of MgCl 2 . The 
thermal cycling conditions consisted of a 30 minutes reverse 
transcription at 50°C, 15 minutes of  Taq  polymerase activation 
at 95°C, followed by 45 cycles of PCR at 95°C denaturation 
for 30 seconds, 60°C of annealing for 30 seconds, and 72°C 

  Table  1A 
  Serum samples used for the evaluation of SD BIOLINE Dengue 

Duo kit  
Category Sample number (n)

(a)  Acute serum from which dengue virus was 
isolated 30

(b)  Dengue PCR-positive sera 50
(c) Dengue NS1 antigen positive sera 50
(d)  Sero-negative acute samples (IgM negative), 

but convalescent samples sero-converted 50
(e) Primary dengue sera (10 pairs) 20
(f) Secondary dengue sera (10 pairs) 20
(g) IgM positive sera (varying P/N ratio) * 100
(h) Clinically dengue but laboratory tested negative 20
(i)  Other disease agents and healthy donors 

(negative control) 80

Total 420
  *   P/N ratio (positive:negative ratio): A P/N ratio of greater than or equal to 2.0 was consid-

ered positive; a result with a P/N ratio of less than 2 was reported as negative.  

  Table  1B 
  Panel of negative control *   

Other disease agents and healthy donors Sample number (n)

(a) BK virus 10
(b) Cytomegalovirus (CMV) 10
(c) Measles 2
(d) Epstein-Barr virus 10
(f) Japanese encephalitis 11
(g) Chikungunya 7
(h) Herpes simplex virus (HSV) 3
(i) CMV & HSV dual infection 1
(j) Nipah IgG positive 5
(k) Leptospirosis 1
(l) Ricketsia 1
(m)  S. typhi  
(n) West Nile

3
6

(o) Healthy donor 10

Total 80
  *   Table shows the 15 groups of negative controls and the number of the serum samples that 

were used for the evaluation in this study.  
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extension for 1 minute. Following amplification, the melting 
curves were analyzed. This is to verify the specificity of the 
PCR product by looking at its Tm. Melting curve analysis 
consisted of a denaturation step at 95°C for 1 minute, lowered 
to 55°C for 30 seconds, and followed by 80 cycles of incubation 
in which the temperature is increased to 95°C at a rate of 
0.5°C/10 seconds/cycle. The Tm of each specific PCR product 
was analyzed using iCycler iQ optical system software version 
3.0a (Bio-Rad Laboratories). The Tm for each sample was used 
to identify the dengue serotype and the sample sharing the 
same Tm was interpreted as belonging to the same serotype. 

   SD BIOLINE Dengue Duo NS1 Ag and IgG/IgM test.  
 The SD BIOLINE Dengue Duo rapid test kit is produced by 
Standard Diagnostics and is a one-step immunochromatographic 
assay designed for the detection of both dengue virus NS1 
antigen and differential IgM/IgG antibodies to dengue virus 
in human whole blood, serum, or plasma. The SD BIOLINE 
Dengue Duo rapid test contains two test devices; the left side 
is for dengue NS1 antigen test, whereas the right side is for 
dengue IgG/IgM test. These kits were designed based on the 
principle that when a specimen is added to the sample well, 
anti-dengue IgG and IgM in the specimen will react with 
recombinant dengue virus envelope proteins-colloidal gold 
conjugates and forms a complex of antibodies-antigen. This 
complex will be captured by the relevant anti-human IgG 
and/or anti-human IgM immobilized on the test device and 
generate a colored line when migrated along the length of the 
test device by capillary action. Similarly, dengue NS1 antigen 
captured by the anti-dengue NS1 Ag-colloid gold conjugate 
will migrate along the length of the device until being captured 
by the anti-dengue NS1 antigen immobilized on the membrane 
strips and generate a color line. All tests in this study were 
carried out in accordance with the manufacturer’s instructions. 
Briefly, for SD BIOLINE dengue NS1 Ag device, 100 μL of 
the test sample was added into the sample well (S). Test results 
were interpreted at 15–20 minutes. Similarly, for SD BIOLINE 
dengue IgG/IgM device, 10 μL of test sample was added into 
the sample well (S). This was followed by the addition of 4 
drops (90–120 μL) of assay diluent to the round shaped assay 
diluent well. Results were interpreted at 15–20 minutes. The 
test results were examined and interpreted according to the 
manufacturer instructions by three different readers to avoid 
biasness. 

   Data analysis.   Tabulation, management, and analysis of 
raw data were carried out using Microsoft Excel (Microsoft 

Inc., Redmond, WA). Statistical analysis was performed with 
Statistica version 18 (StatSoft, Inc., Tulsa, OK). The sensitivity, 
specificity, efficiency, positive predictive value (PPV), and 
negative predictive value for the assays were calculated based 
on “true positive dengue samples” (virus isolation/PCR positives, 
sero-negative acute sera, acute primary, acute secondary) 
using the following formula:

    Percentage Sensitivity   =   a   /   (  a   +   c  )   ×   100  %    
    Percentage Sensitivity   =   d   /   (  b   +   d  )   ×   100  %    
    Efficiency   =   (  a   +   d  )   /   (  a   +   b   +   c   +   d  )   ×   100  %    
    Percentage PPV   =   a   /   (  a   +   b  )   ×   100  %      
  Percentage NPV   =   d   /   (  c   +   d  )   ×   100  %     

 where

    a   =   number of true positives    
    b   =   number of false positives    
    c   =   number of false negatives    
    d   =   number of true negatives     

    RESULTS 

 A total of 420 samples collected from year 2007 until year 
2009 were selected for the evaluation of the SD BIOLINE 
Dengue Duo rapid test kit. The evaluation of the SD rapid 
test kit was assessed against a panel of samples including true 
positives by standard tests such as virus isolation and real-time 
RT-PCR, IgM positive sera, NS1 antigen positive sera, and sera 
derived from healthy donors and other disease agents. Results 
are summarized in  Table 2 . Of the 320 sera for dengue, 168 
(52.5%) tested positive for SD Duo NS1 Ag, and 220 (68.75%) 
tested positive for SD Duo IgM. A diagnostic strategy combin-
ing SD Duo NS1 or IgM (NS1/IgM) gave a 289 (90.31%) posi-
tive detection. In comparison, dengue infection was detected 
by either MAC-ELISA or RT-PCR in 300 samples (93.75%), 
by MAC-ELISA in 229 samples (71.56%), and by RT-PCR in 
162 samples (50.63%). Among the 30 samples that were virus 
isolation positive, the SD Duo NS1/IgM detected 21 (70%) 
as positive. One sample from the category that was clinically 
dengue but laboratory tested as negative, and another sample 
from the negative control panel were also tested positive by 
the SD Dengue Duo kit. 

      Analysis on the performance of SD Dengue Duo in detect-
ing acute dengue has shown that SD Duo NS1 gave 100% 
positive detection of NS1 antigen in all primary dengue acute 

  Table  2 
  Comparison of SD BIOLINE Dengue Duo kit with in-house MAC-ELISA and RT-PCR *   

No. of samples that tested positive, n (%)

Category of samples Number (n) MAC-ELISA RT-PCR SD DUO NS1 SD DUO IgM SD DUO IgG SD DUO NS1/IgM

Dengue virus isolation positive 30 9 (30) 30 (100) 18 (60) 11 (36) 9 (30) 21 (70)
Dengue RT-PCR positive 50 46 (92) 50 (100) 22 (44) 40 (80) 37 (74) 44 (88)
Dengue NS1 positive † 50 34 (68) 35 (70) 39 (78) 33 (66) 19 (38) 47 (94)
Sero-negative acute sample but convalescent 

sero-converted 50 0 (0) 37 (74) 43 (86) 7 (14) 9 (18) 46 (92)
Dengue IgM-positive sera 100 100 (100) 1 (1) 28 (28) 92 (92) 84 (84) 93 (93)
Primary dengue 20 20 (100) 6 (30) 17 (85) 19 (95) 4 (20) 20 (100)
Secondary dengue 20 20 (100) 3 (15) 1 (5) 18 (90) 20 (100) 18 (90)
Clinically dengue but Laboratory tests negative 20 0 (0) 0 (0) 1 (5) 0 (0) 0 (0) 1 (5)
Non-dengue sera (negative panel) 80 0 (0) 0 (0) 1 (1.7) 0 (0) 2 (3.4) 1 (1.7)

  *   MAC-ELISA = in-house IgM capture-enzyme-linked immunosorbent assay; RT-PCR = reverse transcription-polymerase chain reaction.  
  †   NS1 positive sera were confirmed by both the Platelia Dengue NS1 antigen (Bio-Rad Laboratories, Marnes-la-Coquette, France) and pan-E dengue early ELISA test (Panbio, Queensland, 

Australia).  
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samples, whereas only 10% of secondary dengue acute sam-
ples were detected for NS1 antigen. On the other hand, 90% 
of each primary and secondary acute dengue was tested IgM 
positive by SD Duo IgM. Combining SD Duo NS1/IgM gave a 
positive detection rate of 100% and 90%, respectively, for pri-
mary and secondary acute dengue infections ( Table 3 ). 

     Further analysis of the data indicated that the NS1 detec-
tion rate is inversely proportional, whereas the IgM detection 
rate is directly proportional to the presence of IgG antibod-
ies as depicted by the HI value ( Figure 1 ). At lower levels of 
antibodies (HI ≤ 320) the SD Duo NS1 gave better detection 
rates as compared with high levels of antibodies, whereas high 
levels of antibodies (≥ 640 HI ≤ 10 240) gave better detec-
tion rate for SD Duo IgM/IgG. For acute dengue diagnosis, 
a combined analysis of both SD Duo NS1 and IgM/IgG has 
allowed for a more sensitive early diagnosis of acute dengue 
infection. 

  The data with regards to day of onset of disease symptoms 
in corresponding to the SD Dengue Duo kit were further 
determined. As seen in  Figure 2 , dengue NS1 antigen could 
be detected up to Day 12 from the onset of fever, whereas 
RT-PCR was only able to detect viral RNA up to Day 8 
post-infection. The SD Dengue Duo rapid kit was also used 
to detect dengue positive samples comprising all four sero-
types of dengue viruses ( N  = 162) and results are presented in 
 Table 4 . No significant difference in detection was observed 
between the four dengue serotypes ( P  > 0.05). 

       The total sensitivity and specificity of the SD Dengue Duo 
rapid kit were calculated based on samples that were consid-
ered true dengue ( N  = 185) by virus isolation, RT-PCR, or a 
rising titer in a paired samples ( Table 5 ). The overall sensitiv-
ity and specificity of SD Duo NS1 is 65.41% (95% confidence 
interval [CI]: 58.49–72.32) and 98.75% (95% CI: 96.26–100) 
with an efficiency of 75.47%, whereas SD Duo IgM gave 
53.51% (95% CI: 46.26–60.76) sensitivity and 100% specificity 
with an efficiency of 67.55%. By combining both tests for NS1 

and IgM, the SD Dengue Duo NS1/IgM gave a better perfor-
mance for detection of acute dengue, with an overall sensitivity 
of 88.65% (95% CI: 84.04–93.26) and specificity of 98.75% 
(95% CI: 96.26–100), and an assay efficiency of 91.70%. 

        DISCUSSION 

 Early laboratory diagnosis of acute dengue virus infection 
is important to provide appropriate treatment of the patients 
and to prevent potential dengue outbreak. At present, the 
most commonly used techniques in the laboratory for diag-
nosing of dengue virus infections are virus isolation, detection 
of viral nucleic acid by RT-PCR, and detection of dengue-spe-
cific IgM by MAC-ELISA. Although virus isolation is consid-
ered as gold standard for laboratory diagnosis of dengue, it 
is laborious and requires at least 6–10 days for the virus to 
replicate. 11  On the other hand, RT-PCR and MAC-ELISA 
are expensive, and usually take at least half a day for run-
ning the assay. Moreover, these facilities are not widely avail-
able in the clinics and hospital settings. Hence, a rapid test kit 
would be useful to provide early diagnosis of acute dengue 
infection. 

 The advantage of this SD Dengue Duo rapid test kit is that 
it is designed to detect both dengue virus NS1 antigen and dif-
ferential IgM/IgG antibodies to dengue virus in human blood. 
NS1 antigen is generally found during Day 1 and up to Day 9 
after onset of fever. The detection of anti-NS1 is inhibited if 
anti-NS1 antibodies produced. Whereas IgM become detect-
able by Day 3 to Day 5 after onset of illness in primary den-
gue and by Day 1 to Day 2 after onset of illness in secondary 
infections. 11–  13  The uniqueness of this combo device    has made 
diagnosis of dengue possible as early as Day 1 of dengue 
infection. 

 In this study, we evaluated the use of the SD Dengue Duo 
rapid test kit for the diagnosis of dengue infections. A diagnos-
tic strategy combining both SD Duo NS1 and IgM were used 

  Table  3 
  Performance of SD BIOLINE Dengue Duo kit in primary and secondary dengue infections  

Category Number (n)

Samples tested positive, n (%)

RT-PCR MAC-ELISA SD DUO NS1 SD DUO IgM SD DUO IgG SD DUO NS1/IgM

Primary dengue acute 10 6 (60) 10 (100) 10 (100) 9 (90) 0 (0) 10 (100)
Secondary dengue acute 10 3 (30) 10 (100) 1 (10) 9 (90) 10 (100) 9 (90)
Primary dengue convalescent 10 0 (0) 10 (100) 7 (70) 10 (100) 4 (40) 10 (100)
Secondary dengue convalescent 10 0 (0) 10 (100) 0 (0) 0 (0) 10 (100) 9 (90)

  Figure  1.    Hemagglutination inhibition (HI) value vs. positive detection rate for laboratory diagnosis of dengue. A total of 320 samples were 
used in the analysis. Samples were derived from the following category of samples: virus isolation positive ( N  = 30), dengue RT-PCR ( N  = 50), 
NS1 positive ( N  = 50), sero-negative acute sera but convalescent sero-converted ( N  = 50), random IgM positive samples ( N  = 100), primary dengue 
( N  = 20), and secondary dengue ( N  = 20).    
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in the interpretation of results, as this could increase the over-
all clinical sensitivity of both assays. The sensitivity of SD Duo 
NS1/IgM (88.65%) compares well with recent studies. 4,  5,  21–  23  
The specificity (98.75%) observed in our study also correlated 
with all earlier studies. 4,  5,  21–  23  However, most used an ELISA-
based assay except for Vajpayee and other 21  and Dussart and 
other. 22  In their studies, however, sample size was smaller but 
most conclusions made were similar. Analysis of all samples in 
groups revealed that the detection of true dengue was lowest 
in the RT-PCR group (88%), and virus isolation group (70%). 
Sensitivity was highest in the primary acute dengue group 
(100%), whereas with secondary acute dengue sera group a 
lower sensitivity of 90% was observed. A much lower sensitiv-
ity of detection rate was noted for the primary group when SD 
Duo NS1 (85%) and SD Duo IgM (95%) were used separately 
for detection of dengue. This has suggested that both NS1 and 
IgM are essential components in the early diagnosis of dengue. 
This was further supported by the observation that the pres-
ence of high antibodies gave better detection rate for SD Duo 
IgM/IgG device, whereas SD Dengue NS1 gave better detec-
tion rates at low levels of antibodies as shown in  Figure 2 . 

 The specificity for SD Dengue Duo assay was shown to 
be 98% with only one sample detected with NS1 antigen. 
However, the types of samples used to determine specificity 
are limited and more samples, especially from other flavivi-
ral infections such as West Nile virus, St. Louis Encephalitis 
virus, Roccio virus, and related viruses in this group need to be 
included to ensure adequate coverage of possible cross-reac-

tions. Obtaining such sera that is dengue antibody negative is 
sometimes not possible because of the high endemicity in the 
tropical belt and also to effects of globalization. Another rea-
son is that more individuals have been exposed to multiple fla-
viviruses as they travel to various regions as tourists. 

 This evaluation shows that SD Dengue Duo rapid test kit is 
useful for the rapid, early diagnosis of dengue infections. The 
current evaluation of the SD Dengue Duo NS1/IgM shows that 
this assay has a sensitivity of 88.65% (95% CI: 84.04–93.26), a 
specificity of 98.75% (95% CI: 96.26–100) with an assay effi-
ciency of 91.70%. By detecting both NS1 and IgM in dengue 
infection has shown that the SD Dengue Duo rapid test kit is 
useful, sensitive, and specific for the diagnosis of acute dengue 
infection. 

  Received February 22, 2010. Accepted for publication May 11, 2010. 

 Note: Supplementary data appear at  www.ajtmh.org .   
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  Figure  2.    Comparison of SD BIOLINE Dengue Duo commercial kit and conventional laboratory methods in relation to day of onset of fever. 
A total of 320 samples were used in the analysis. These sample panels are virus isolation positive ( N  = 30), dengue reverse transcription-polymerase 
chain reaction (RT-PCR) ( N  = 50), NS1 positive ( N  = 50), sero-negative acute sera but convalescent sero-converted ( N  = 50), random IgM positive 
samples ( N  = 100), primary dengue ( N  = 20), and secondary dengue ( N  = 20).    

  Table  4 
  Comparative performances of SD BIOLINE Dengue Duo in detecting dengue virus serotypes *   

  *   χ 2  test was used for statistical analysis (StatSoft, Inc.). A  P  value > 0.05 indicating that the results were not significantly associated.  

Dengue diagnostics

Sensitivity %, [95% CI]
 P  value 

(between group)DENV-1 ( N  = 101) DENV-2 ( N  = 21) DENV-3 ( N  = 23) DENV-4 ( N  = 17)

SD Dengue Duo NS1 62.38 (63/101) 
[52.77–71.99]

61.90 (13/21) 
[39.25–84.55]

86.96 (20/23) 
[72.07–100]

70.59 (12/17) 
[46.44–94.71]

0.14

SD Dengue Duo IgM 57.43 (58/101) 
[47.62–67.24]

57.14 (12/21) 
[34.06–80.22]

43.48 (10/23) 
[21.56–65.40]

41.18 (7/17) 
[15.10–67.26]

0.44

SD Dengue Duo NS1/IgM 90.10 (91/101) 
[84.18–96.03]

76.19 (16/21) 
[56.32–90.06]

95.65 (22/23) 
[86.63–100]

82.35 (14/17) 
[62.15–100]

0.17
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  Table  5 
  Performance of SD BIOLINE Dengue Duo kit in the diagnosis of dengue  

Dengue diagnostics
Sensitivity, % ( N  = 185) 

(95% CI) * 
Specificity, % ( N  = 80) 

(95% CI) † 
Efficiency, % ( N  = 265) 

(95% CI)
Positive predictive value, 

% (95% CI)
Negative predictive value, 

% (95% CI)

SD Dengue Duo NS1 65.41 (121/185) 
[58.49–72.32]

98.75 (79/80) 
[96.26–100]

75.47 (200/265) 
[70.26–80.68]

99.18 (121/122) 
[97.56–100]

55.24 (79/143) 
[46.99–63.49]

SD Dengue Duo IgM 53.51 (99/185) 
[46.26–60.76]

100 (80/80) 67.55 (179/265) 
[61.88–73.22]

100 (99/99) 48 (80/166) 
[40.32–55.68]

SD Dengue Duo NS1/IgM 88.65 (164/185) 
[84.04–93.26]

98.75 (79/80) 
[96.26–100]

91.70 (243/265) 
[88.36–95.04]

99.39(164/165) 
[91.68–100]

79.0 (79/100) 
[71.29–86.71]

  *   True positive samples used in analysis were derived from the following category of samples: virus isolation positive ( N  = 30), dengue RT-PCR ( N  = 50), a dengue NS1 antigen positive sera, which 
is also positive for dengue RT-PCR ( N  = 35), and sero-negative acute sera but convalescent sero-converted ( N  = 50), acute primary samples ( N  = 10), and acute secondary samples ( N  = 10).  

  †   True negative samples were derived from non-dengue sera, which comprise patients with other infectious agents and healthy donors.  


