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Abstract 

Nucleic acid sequence-based amplification (NASBA) was employed with a set of universal primers and 
probe based on the 3' non-coding region of the dengue viral RNA sequence. NASBA was used for the 
detection of the viral RNA in sera of patients clinically diagnosed as having dengue virus infection, and 
compared with polymerase chain reaction (PCR). Thirty-four acute sera were obtained from patients 
suspected of having dengue virus infection and 20 normal sera were obtained from primary-school 
children. There were 27 (50%) samples that gave a positive result for PCR, and 28 (51.85%) samples for 
NASBA, while 27 (50%) samples gave a negative result for PCR and 26 (48.15%) samples for NASBA. 
There was only one (1.85%) sample that gave a false positive result with NASBA and no false negative 
result was found in this study. NASBA gave 100% sensitivity, 96.30% specificity and 98.15% efficacy, 
respectively. NASBA will be useful in the early detection of acute dengue virus infection.  

Keywords: Dengue virus, Nucleic Acid Sequence-Based Amplification (NASBA), Polymerase Chain Reaction (PCR), 
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Introduction 
Routine laboratory diagnosis of dengue virus 
infection often involves the detection of anti-
dengue virus antibodies by haemag-
glutination inhibition (HI), neutralization or 
ELISA. These methods are simple to perform, 
but generally require paired sera samples for 
the measurement of the rising antibody titers 
and have high cross-reaction with other 
flaviviruses(1,2). The conventional method of 
determining the viruses is virus isolation in 
tissue culture or mosquito, followed by 
immunofluorescent staining or ELISA typing, 
using specific monoclonal antibodies. The 
incubation period is 5 to 14 days and the 
technique requires good specimen 
handling(1). 

Polymerase chain reaction (PCR) has 
been widely used for the detection of many 
microorganisms, including dengue viruses. 
The assays reported by other laboratories 
have been concerned with different genomic 
regions by using different pairs of primers 
and different approaches for the detection of 
the amplification products(3,4,5,6,7). PCR has 
the potential, having high sensitivity and 
specificity, for the detection of dengue virus 
in any kind of specimen. However, it 
generally requires a thermal cycler, which is 
expensive, and takes more than 12 hours for 
detection(3). 

Nucleic acid sequence-based amplifi-
cation (NASBA) is an isothermal RNA 
amplification technique (usually at 41oC). 
NASBA reaction involves the action of 3 
enzymes: avian myeloblastosis virus-reverse 
transcriptase (AMV-RT), RNase-H and T7-
RNA polymerase; resulting in 1012fold 
amplification within 90 minutes(8). The 

NASBA amplification products can be 
detected by electrochemiluminescence (ECL) 
signal count, agarose gel electrophoresis 
(AG) and enzyme-linked gel assay 
(ELGA)(9,10,11,12,13,14). 

In this study, we have used NASBA and 
PCR to detect dengue viral RNA in the 
patients’ sera and compared the process for 
determining the coupling of NASBA 
products by ECL and AG detection. 

Materials and methods 

Clinical specimens  
Fourteen serum samples were obtained 
from inpatients clinically suspected of 
having the dengue virus infection and who 
gave a positive result with ELISA(15) from 
Nakhon-Phanom Hospital during the 
period June to October 1999. Twenty 
serum samples of negative controls were 
collected from primary school students 
who resided in Nakhon Phanom province. 
Another 20 sera were obtained from the 
Department of Virology, Armed Forces 
Research Institute of Medical Science 
(AFRIMS). 

RNA extraction  
Viral RNA was isolated by using phenol-
guanidine-isothiocyanate as described by 
Lanciotti et al., 1992(4). Viral RNA was 
precipitated by the addition of 500 µl 
isopropanol, then was centrifuged at 12,000 
rpm, at 20°C for 10 minutes. The RNA pellet 
was washed with 75% ethanol. The pellet 
was dried and re-suspended with 25 µl of 
DEPC-treated water. 
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Reverse transcriptase-polymerase 
chain reaction 
After RNA extraction, target RNA was 
amplified by using RT-PCR according to the 
method of Lanciotti et al.(4). Briefly, 2.5 µl of 
target RNA was mixed with RT-PCR mixture 
(this consisted of 100 mM Tris base, pH 
8.3/500 mM KCl/15 mM MgCl2/0.1% 
gelatin/2.5 mM dNTPs/10 pmol of each 
primer/0.1m DTT/1U reverse transcriptase 
and 5U Amplitaq); the final volume of the 
reaction was 50 µl. RT-PCR was conducted 
at 42°C for 60 minutes, followed by 35 
cycles of denaturation at 94°C for 30 
seconds, primer annealing at 55°C for 1 
minute and extension at 72°C for 2 minutes. 

Nested-polymerase chain reaction 
A second amplification reaction was initiated 
with 5 µl of 1:100 diluted cDNA from the 

RT-PCR reaction. The reaction mixture 
contained all the components as described 
for RT-PCR, with the following exceptions: 
primer D2 was replaced with the specific 
probe TS1, TS2, TS3 and TS4; and DTT and 
reverse transcriptase were eliminated. 
Amplification was set for 20 cycles of 
denaturation at 94°C for 30 seconds, primer 
annealing at 55°C for 1 minute and 
extension at 72°C for 2 minutes. 

Selection of primers and probes of 
the NASBA method 
The primers and probe used in this study are 
listed in Table 1. There was a pair of 
oligonucleotide primers carrying T7-RNA 
polymerase as the specific tail that 
recognized the sequence at the 5’ end. The 
size of amplicon was calculated to be 
approximately 203 nucleotides, including 
primer sites. 

Table 1: Primer and probe for detection of dengue virus 

 Sequence (5’to3’) 
NASBA Position Size 

P1 aat tct aat acg act cac tat agg gga gac (t7 promotor) 
AGC AGG ATC TCT GGT CT 

 
10638-10654 

 
203* 

P2 gat gca agg tcg cat atg agg gtt aga gga (ECL tail) 
GAC CCC TCC C 

 
10511-10520 

 
203* 

Probe AAA CAG CAT ATT GAC GCT GGG 10615-10635 154* 

PCR 

D1 TCA ATA TGC TGA AAC GCG CGA GAA ACC 134-161 511 

D2 TTG CAC CAA CAG TCA ATG TCT TCA GGT TC 616-644 511 

TS1 CGT CTC AGT GAT CCG GGG G 568-586 482 

TS2 CGC CAC AAG GGC CAT GAA CAG 232-252 119 

TS3 TAA CAT CAT CAT GAG ACA GAG C 400-421 290 

TS4 CTC TGT TGT CTT AAA CAA GAG A 506-527 392 

* Use DEN-2 (New guinea C) as the reference sequence; including primer sites 
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Nucleic acid isolation 
Nucleic acid release and isolation was 
performed as described by Boom et al., 
1990(16). Briefly, 100 µl of serum sample was 
added to lysis buffer solution (consisting of 
4.7 M GUSCN/46 mM Tris-HCL, pH 6.4/20 
mM EDTA/1.2% (W/V) TritonX-100). 50 µl of 
activated silica suspension (1mg/ml in 0.1 M 
HCL) were added. The silica pellet that 
contained nucleic acid was washed twice 
with wash buffer (5.25 M GUSCN/50 mM 
Tris-HCL, pH 6.4), twice with 70% ethanol 
and once with acetone. The pellet was dried 
at 56°C for 10 minutes. Finally, nucleic acids 
were eluted with elution buffer (1.0 mM 
Tris-HCl, pH 8.5) and stored at-70°C. 

Nucleic acid amplification 
The reaction was performed as described by 
the manufacturer’s instructions (Organon 
Teknika, B.V., Boxtel, the Netherlands). The 
reaction was performed with 20 µl of 
reaction mixture (consisting of 40 mM Tris-
HCl, pH 8.5/12 M MgCl2/70 mM KCl/1.5% 
(v/v) of dimethyl sulfoxide/5 mM 
dithiotreitol/1mM of each dNTPs/2 mM of 
each ATP, CTP, UTP/1.5 Mm GTP/0.5 mM 
ITP/0.1 µg/µl of BSA/0.08 U RNase-H/32 U 
T7-RNA polymerase and 6.4 U AMV-RT/0.2 
µM of each primer and 5 µl of isolation 
nucleic acid). The NASBA reaction mixture 
was incubated at 65°C for 5 minutes, before 
the enzyme solution was added to allow for 
destabilization of secondary RNA structures. 
Then it was immediately cooled down to 
41°C for 5 minutes, to allow primer 
annealing. After the enzyme solution was 
added, reaction mixtures were incubated at 
41°C for at least 90 minutes. The 
amplification product was stored at -70°C 
for further analysis. 

Nucleic acid detection 
The reaction was carried out according to 
the manufacturer’s instructions (Organon 
Teknika, BV, Boxtel, the Netherlands). The 
amplification products were diluted to 1:20 
in detection diluent (1.0 mM Tris-HCl, pH 
8.5/0.2g/l methylisothiazolone) and were 
incubated at 41°C for 30 minutes with a 
biotinylated dengue virus specific probe 
bound to 5 µg of streptavidin coated 
paramagnetic beads and 3x1011 molecules of 
ruthenuim-labeled oligonucleotide detection 
probe. During the incubation period, the 
hybridization mixtures were agitated every 
10 minutes to keep the beads in suspension. 
Finally, 300 µl of assay buffer (100 mM 
tripropylamine, pH 7.5) were added and the 
test was performed in an ECL reader (NASBA 
QR system, Model 2000; Organon Teknika, 
BV, Boxtel, the Netherlands) for final reading 
of the results. 

Agarose gel electrophoresis 
PCR and NASBA amplification products 
were analysed by agarose gel electrophoresis 
and visualized with ethidium bromide 
staining. The mixture of amplicon and gel 
loading buffer (50% glycerol/0.1M EDTA, pH 
8.0/1% SDS/0.1% bromphenol blue/0.0% 
xylene cyanol) were loaded in 1.5% agarose 
in 1x TBE (89 mM tris/89 mM boric acid/2 
mM EDTA, pH 8.0). A 100-bp ladder was 
used as a size standard (Gibco, BRL). 

Results 
Sensitivity of NASBA 
A total of 54 sera were examined using PCR 
and NASBA methods. These samples 
included 14 acute sera with ELISA positive, 



Detection of Dengue Viral RNA in Patients’ Sera by NASBA and Polymerase Chain Reaction (PCR) 

Dengue Bulletin – Vol 26, 2002 135 

20 normal sera with ELISA negative and an 
additional 20 from the Department of 
Virology, AFRIMS. For the PCR method, 27 
(50%) patients gave positive results and 
another 27 (50%) patients gave negative 
results. The results of sera showed that 28 
(51.85%) patients had positive results and 26 
(48.15%) patients had negative results with 
the NASBA method that detected the 
amplicon both by ECL signal count and 
agarose gel electrophoresis (Table 2). 

Table 2: Comparison of dengue virus infection 
determination by nucleic acid sequence-based 
amplification and polymerase chain reaction 

in clinical and normal specimens 

Positive Negative 
Method 

No. % No. % 

PCR 

NASBA with 
AG detection 

NASBA with 
ECL detection 

27 

28 
 

28 

50.0 

51.85 
 

51.85 

27 

26 
 

26 

50.0 

48.15 
 

48.15 

Case = 54 Cochran’s Q test = 2.00 df = 2 P = 0.368 

The different types of dengue viruses, 
both of PCR and NASBA methods that were 
determined by agarose gel electrophoresis, 
are shown in Figure 1 and Figure 2. For the 
PCR method, the size of the RT-PCR 
amplification products was 511 base pairs, 
and the size of the nested-PCR amplification 
products were 482 base pairs for DEN-1, 
119 base pairs for DEN-2, 290 base pairs for 
DEN-3 and 392 base pairs for DEN-4. For 
the NASBA method, the DNA amplification 
product’s size was 203 base pairs, including 
primer sites, as shown in Figure 2. 

The differences of NASBA with agarose 
gel electrophoresis (AG) detection and 
NASBA with electrochemiluminescence 
(ECL) detection, when compared with the 
PCR method, were not statistically significant 
(P = 0.368), as shown in Table 2. When 
compared with the PCR method, the 
sensitivity of NASBA with AG detection and 
NASBA with ECL detection were 100% for 
both; the specificity of NASBA with AG 
detection and NASBA with ECL detection 
were 96.30% for both. The efficacy, positive 
predictive value and negative predictive 
value of both detection methods were 
98.15%, 96.43% and 100%, respectively. 

Figure 1: Agarose gel electrophoresis of the dengue viral RNA in the patients' sera and 
normal healthy controls' sera amplified by PCR method 

Lane 1: positive control, lane 2: negative control, lane 3: dengue virus types 1-4, lane 4: dengue virus type 1, lane 5: 
dengue virus type 2, lane 6: dengue virus type 3, lane 7: dengue virus type 4, lane 8: negative control. Molecular 
weight markers are shown on the right RNA sizes are given in base pairs 

 

A) RT-PCR 

511

8     7     6     5     4     3     2     1     Marker

B) Nested-PCR 

482 

290 
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392 

8     7     6     5     4     3     2     1    Marker 
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Figure 2: Agarose gel electrophoresis of dengue viral RNA amplified by NASBA method 

 

Lane 1: positive control, lane 2: negative control, lane 3: dengue virus types 1-4, lane 4: dengue virus type 1, lane 5: 
dengue virus type 2, lane 6: dengue virus type 3, lane 7: dengue virus type 4, lane 8: negative control. Molecular 
weight marks are shown on the right RNA sizes are given in base pairs 

Discussion 

For RNA detection, several laboratories used 
NASBA for the detection of viral RNA(9,11). In 
this study, we used Lanciotti’s method to 
perform dengue viral RNA detection. The 
number of reported cases of dengue virus 
infection in Thailand, including Nakhon 
Phanom province, came down in 1999 after 
the campaign launched by the dengue 
control programme (unpublished data from 
Dengue Haemorrhagic Fever Control Office, 
1999). Therefore, it was necessary to obtain 
another 20 sera from the Department of 
Virology, AFRIMS, to perform the test and 
calculate the statistics. 

The obvious disadvantage of the PCR 
method is the need for a thermal cycler for 
the change in temperature during the 
amplification period. This instrument is 
relatively expensive, so it may not be 
appropriate in rural hospitals where budgets 
are limited. The second disadvantage is that 
the method is time-consuming; it takes at 
least 1.5 hours for RNA extraction, 3.5 hours 
for RT-PCR, 2 hours for nested-PCR and 3 
hours for agarose gel electrophoresis(4). The 

other disadvantage is the need for a lot of 
reagents and enzymes, such as dNTPs 
reverse transcriptase, etc. These reagents are 
used at varying concentrations and volumes 
for each method(4,5,6,7). 

For dengue virus detection, sample 
collection should be done early in the 
viremia phase. Viral load is related to both 
the height of the viremia and its duration(17). 
The duration of dengue viremia is prolonged 
in patients who have primary dengue virus 
infection as compared with those who have 
secondary dengue virus infection (5.1 days 
and 4.4 days, respectively). It should be 
noted that a precise measurement of the 
duration of viremia is not possible due to the 
onset of illness being unknown. Usually, 
children are enrolled up to 72 hours after 
the onset of the illness. The virus titer will 
decrease when the antibodies to dengue 
virus increase. The peak of stable virus titer 
is found in the first 2 days of acute sera. The 
virus can be detected after 5 days of 
defervescence in patients with secondary 
dengue virus infection and more than 5 days 
in primary dengue virus infection(3,4). 

203
8    7    6    5     4     3    2   1     Marker
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NASBA is enzymatic amplification with 
the ability to amplify the target RNA at 
isothermal temperature (usually at 41°C) so 
that the thermal cycler is not necessary. To 
control the temperature during ampli-
fication, a water bath can be used instead. 
NASBA is available as a commercial kit that 
contains reagents and enzymes, so buffer or 
reagent preparation is not necessary. The 
time needed for processing, using the 
NASBA method, is 45 minutes for RNA 
extraction, 2 hours for amplification, 45 
minutes for ECL detection and 3 hours for 
AG detection. 

The cell cultures of dengue virus 
serotypes 1-4 and Japanese encephalitis 
virus were used to test the primers and 
probe, and also to determine the sensitivity 
and specificity of the test. We found that the 
detection limit of both NASBA with AG 
detection and NASBA with ECL detection 
was equal to 1 PFU/ml, and no cross-
reaction with Japanese encephalitis virus was 
found in this study(18). In terms of the 
specificity of the primers and the probe of 
the PCR method, cross-reaction can occur in 
the RT-PCR step (primer D1&D2) with 
Japanese encephalitis virus and West Nile 
virus, but it is different in the base pair (550 
bp) from the dengue virus (511 bp). No 
cross-reaction is found in the nested-PCR(4). 
When compared to the PCR method, the 
sensitivity of both NASBA with AG detection 
and NASBA with ECL detection was 100%; 
the specificity of NASBA with AG detection 
and NASBA with ECL detection was 96.30%. 
The results of NASBA with AG detection and 
NASBA with ECL detection were not 
statistically different from those of the PCR 
method (Cochran’s Q test, P = 0.368). The 
study of Wu et al., 2001(10) was able to 

detect dengue viral RNA at 1 to 10 PFU/ml 
in tissue culture and below 25 PFU/ml in 
clinical specimens. The sensitivity of the 
NASBA of Wu et al., 2001(10) was 98.5% and 
its specificity was 100% when compared to 
the virus isolation method; this indicated 
that NASBA is a method with high sensitivity 
and specificity in the detection of dengue 
viral RNA. 

There were some false negative results 
for NASBA methods. However, they gave 
positive results after repeating the test. This 
was due to silica dioxide in the NASBA 
extraction stage. The silica dioxide particle 
has the ability to bind with protein, nucleic 
acid, carbohydrate and fat, so it can bind to 
enzymes, extracted nucleic acid and the 
primers in the amplification reaction, 
resulting in interference with the 
amplification(16).  

In ECL detection, the ECL reader was 
limited to the NucliSens basic kit software 
version 1.0 and the reading was adjusted by 
performance control (PC) and cut-off level. 
After the PC was diluted with the normal 
human serum to 100-fold dilution, the PC 
signal was higher than the cut-off level. This 
was due to the PC-RNA solution containing 
GuSCN in a concentration that inhibited the 
NASBA reaction. By 100-fold dilution or 
greater of the PC solution, the inhibitory 
effect was abolished and the RNA 
concentration remained high enough for 
direct amplification (unpublished data from 
Help Desk of Teknika Co. Ltd.). 

Both NASBA with ECL detection, and 
NASBA with AG detection, gave the same 
sensitivity and specificity. The time required 
for processing in the detection step was 45 
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minutes for NASBA with ECL detection and 
3 hours for NASBA with AG detection. The 
disadvantage of ECL detection is the need 
for an ECL reader, which is specific and an 
expensive equipment. 

NASBA with AG detection, took 4 
times longer than ECL detection. The other 
disadvantage is toxicity from a chemical 
reagent, such as EDTA, ethidium bromide, 
and exposure to UV light, if the protection is 
not performed carefully. As for cost-
effectiveness, NASBA with AG detection is 
cheaper than ECL detection. 

Conclusion  
For the NASBA method, the detection limit 
for all four dengue virus serotypes (DEN-1 to 
DEN-4) was equal to 1 PFU/ml in both AG 
detection and ECL detection. When 
compared with the PCR method, both 
NASBA with AG detection and NASBA with 
ECL detection had the same sensitivity and 
specificity (sensitivity: 100%; specificity 

96.30%; efficacy 98.15%). This difference is 
not statistically significant. NASBA could be 
performed faster than PCR but this 
technique is expensive and requires 
refinement in the laboratory for 
quantification and typing of the dengue 
viruses. Also, NASBA must be further 
conducted for testing the specificity of the 
primers and probe in other flaviviruses. 
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