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Abstract 
Background: Dengue fever and dengue hemorrhagic fever are caused by dengue virus. Dengue infection remains a 

burning problem of many countries. To diagnose acute dengue in the early phase we improve the low cost, rapid SYBR 

green real time assay and compared the sensitivity and specificity with real time Taqman
®
 assay and conventional nested 

PCR assay. Aims: To develop low cost, rapid and reliable real time SYBR green diagnostic dengue assay and compare 

with Taqman real-time assay and conventional nested PCR (modified Lanciotti). Materials and Methods: Eight cultured 

virus strains were diluted in tenth dilution down to undetectable level by the PCR to optimize the primer, temperature 

(annealing, and extension and to detect the limit of detection of the assay. Hundred and ninety three ELISA and PCR 

proved dengue clinical samples were tested with real time SYBR
®
 Green assay, real time Taqman

®
 assay to compare the 

sensitivity and specificity. Results: Sensitivity and specificity of real time SYBR® green dengue assay (84% and 66%, 

respectively) was almost comparable to those (81% and 74%) of Taqman real time PCR dengue assay. Real time SYBR
®
 

green RT-PCR was equally sensitive in primary and secondary infection while real time Taqman was less sensitive in the 

secondary infection. Sensitivity of real time Taqman on DENV3 (87%) was equal to SYBR green real time PCR dengue 

assay. Conclusion: We developed low cost rapid diagnostic SYBR green dengue assay. Further study is needed to make 

duplex primer assay for the serotyping of dengue virus. 
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Introduction  
Dengue is a human disease caused by a virus transmitted 

by Aedes spp. Mosquitoes with four distinct, but closely 

related serotypes of viruses, referred to as dengue 

“serotypes” DENV-1, DENV-2, DENV-3, and DENV-4. 

Annually 50 to 100 million people are affected by dengue, 

and 500,000 of them progress to Dengue hemorrhagic 

fever (DHF) with 25,000 deaths [1]. Area of risk for 
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dengue infection is increasing year by year. About 2.5 

billion people are at risk of dengue and additional 120 

million people visit dengue endemic area every year [2]. 

The disability adjusted life per year for the dengue is 520 

to 580 per million populations [3]. 

 

Dengue fever (DF) and dengue hemorrhagic fever (DHF) 

are the main clinical manifestation of the disease. DHF 

with shock (dengue shock syndrome or DSS) is the most 

severe stage of the disease. Clinical presentation of DF 

and DHF patients at 3-5 days after the onset of illness are 

somehow similar with the presence of defervescence in the 

same time [4], so that DF and DHF are difficult to 

diagnose at this critical period. DF and DHF are classified 

according to the WHO guideline 1998, the overall 

sensitivity and the specificity of this clinical classification 

still remain quite low [5]. Lifelong immunity of dengue 

virus for the homologous serotype is possible, however 

partial or lack of immunity after infection with 

heterologous serotype exacerbate the virus replication in 

the secondary infection [6]. Immunity based antibody 

dependent enhancement (ADE) is one of the declare 

pathogenesis process, for the severe cause of the disease 

[7]. As the secondary infection progresses with more 

severe clinical manifestation, it can be correlated with 

higher viremia and DHF/DSS [8]. 

 

Antibody detection by enzyme-linked immunosorbent 

assay (ELISA) is useful and most popular tool for 

diagnosis, after 1 week of the fever [9], but it cannot be 

used earlier than 3-5 days after the fever nor can be used 

for discriminating the serotypes [10]. Molecular method of 

diagnosis of dengue is going to replace the traditional 

method of cell culture as the gold standard test for viral 

detection [11-13]. SYBR green real time 

reverse-transcription polymerase chain reaction (RT-PCR) 

assay has more advantage in epidemiological survey as it 

is rapid, simple and sensitive than traditional RT-PCR 

methods [14]. Due to detection of the amplified product 

and the probe in the same closed vessel, the contamination 

is greatly reduced compared to other PCR reaction. 

RT-PCR is a useful tool for the detection and the 

quantitation of dengue [15]. 

 

Taqman probe RT-PCR containing specific primer pair for 

each serotype and probes is more specific. This is rapid, 

specific and costly diagnostic method than SYBR green 

RT-PCR [16]. Developing the specific primers for 

detection and typing dengue virus by SYBR green 

RT-PCR assay could be more accurate [17]. The primer 

pair developed in previous studies cannot amplify the 

respective sample because these primers could not align 

with most of the Asian strain due to the variation of the 

genotypes in different countries. The PCR primers must 

vary to achieve higher sensitivity. Objective of our study 

was to develop the specific primer from the most 

conserved capsid region of the virus and optimise the 

condition for this primer, to develop a rapid lower cost, 

real-time SYBR green dengue assay and compare the 

sensitivity to the slower conventional nested PCR and 

more expensive Taqman probe real-time PCR assay. 

 

Materials and Methods 
The study was conducted in the collaboration of Faculty of 

Tropical Medicine, Mahidol University and Armed forces 

Research Institute of Medical Sciences (AFRIMS) 

Bangkok, Thailand. The research was done after approval 

by the Ethics Committee of the Faculty of Tropical 

Medicine, Mahidol University and permission granted by 

Walter Reed National Military Medical Center, USA. 

 

Four laboratory strains and eight standard strains of 

dengue virus were utilized to detect the limit of detection 

(LOD) in conventional nested PCR. Eight standard strains 

were utilized to optimize the new primer for SYBR green 

real-time assay. To calculate the sensitivity specificity and 

the confidence interval, the stats calculator from the KT 

Clearinghouse website was used at: 

http://ktclearinghouse.ca/cebm/practise/ca/calculators/stats

calc. 

 

Serum Samples 

Two hundred and twenty three clinical serum samples 

were utilized in the study was collected since 2006 to 2008 

from febrile patients. Diagnostic confirmation of dengue 

was done by both ELISA and conventional nested PCR. 

Samples were kept in -70
0
C in AFRIMS. Out of 223 

samples 30 blind samples were utilized for the initial 

validation of the SYBR green real-time assay. Out of 193 

samples 43 were primary, 130 were secondary and 20 were 

negative by ELISA. 

 

Dilution and RNA Extraction of Wild and Standard Strain 

Four laboratory virulent strains: DENV-1 Hawaii strain, 

DENV-2 NGC strain, DENV-3 H87 Philippines strain, and 

DENV-4 814669 Dominica strain and eight standard 
strains of C6/36 isolated dengue virus were utilized to 

determine the limit of detection. Standard virus strains 

were propagated in C6/36 cells; PFU titres were 

determined by plaque assay and stored at -70˚C. Wild 

virus strain was diluted in RPMI solution, while standard 

strain was diluted in normal human serum. Ten-fold serial 

dilutions were performed to make the lowest concentration 

of 0.0001 pfu/mL in both groups of strains. The diluted 

solution of each concentration of 140 µL was taken as 

sample of interest and total RNA was extracted by 

QIAGEN commercial kit (USA) according to the 

manufacturer’s recommendation. 50 µL of AVE buffer was 

applied for elution. 
 

RT-PCR 

Modified Lanciotti protocol was applied for one step 

RT-PCR and Nested PCR. The primer applied was shown 

in Table 1. 

 

Single Step RT-PCR 

Single step 1
st
 round RT-PCR was set on 50 L final 

volume containing 5 L of RNA suspension, 5 L of 10 x 

PCR buffer II, 1L of 10 mM dNTPs, 3 L of 25 mM 
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MgCl2, 1.25 L of 10pmoL/l of forward primer D1, 1.25 

L of 10pmoL/L of reverse primer D2, 0.25 L of 1M 

DTT, 0.10 L of reverse transcriptase from avian 

myeloblastosis virus (AMV RT, 10 U/L, Promega, 

Madison, WI, 0.25 L of AmpliTaq DNA polymerase 

(5U/L, Applied Biosystems), and 32.9 L of RNase free 

water was  applied in Thermocycler. The RT step was 

performed at 42
0
C for 60 min. It was followed by 35 

cycles of thermo cycling; 94
0
C for 1 min, 55

0
C for 1 min, 

and 72
0
C for 2 min, using Gene Amp PCR system 9600 

(Perkin Elmer, Norwalk, CT, USA). 
 

Nested PCR 

5 L of 10 x PCR buffer II, 4 L of 10 mM dNTPs, 5 L 

of 25 mM MgCl2, 1.25 L of 10pmoL/L of forward 

primer D1, 1.25 L of 10pmoL/L of each reverse primer, 

DNA polymerase (5U/L, Applied Biosystems), and 24.50 

L of RNase free water. The RT-PCR product (2 L) was 

then diluted to 1:100 dilutions in RNase free water. Five 

micro litter of this dilution was added in 45 L of nested 

PCR mixture. 

 

The nested PCR step was performed for 25 cycles of 

thermo cycling; 94
0
C for 30 sec, 55

0
C for 1 min, and 72

0
C 

for 2 min, using Gene Amp PCR system 9600 (Perkin 

Elmer, Norwalk, CT, USA). 

 

Gel Electrophoresis  

PCR products of both RT-PCR and Nested PCR steps (9 

µL of PCR product with 1 µL of gel loading buffer) were 

electrophoresis in agarose gel and stained with ethidium 

bromide. The common band of 511 base pairs (bp.) in size 

was observed in the RT-PCR step, while in nested PCR 

step specimen containing DENV-1, 2, 3 or 4 was identified 

as the DNA band of 482, 119, 290, or 392 bp.  

 

Design of Oligonucleotide Primers for SYBR Green-Based 

RT-PCR 

The primers described by Shu et al. [17] were considered 

and re-designed by sequence alignment to give maximum 

sequence homology among Thai DENV strains and other 

Asia pacific strains and the Dominican strain. The Thai 

DENV strains sequences were obtained from GenBank 

(accession numbers shown in parentheses) included 10 

DENV-1 (AY732474-AY732483), 10 DENV-2 

(DQ181797-DQ181806), 6 DENV-3 

(AY676348-AY676353), 6 DENV-4 

(AY618988-AY618993) were aligned by using Clustal X 

software. The sequences of some primers were modified to 

degenerate to match with the sequences of DENV Thai 

strains and other strains. Primers were designed avoiding 

the primer dimer and the secondary structure. Designed 

primer is shown in Table 2.  

 

Designed primer from the most conserved capsid region of 

the virus was optimized in annealing at 54
0
C for 30 sec 

and extension at 60
0
C for 30 sec. For one step RT-PCR, 

RT master mix was prepared according to the protocol of 

the Power SYBR Green RNA-to-CT 1-Step Kit (Applied 

Biosystems, Foster, CA, USA). 20 µL of PCR mix was 

prepared with RNase-free water to 4.24 µL, 10 moL 

volume, Power SYBR
®
 Green RT-PCR Mix (2 x) 0.3 µL, 

forward primer (10 μmoL) 0.3 µL reverse primer (10 

μmoL), RT Enzyme Mix (125 x), 0.16 µL. The tubes with 

mix were aliquoted in the micro tube and added 5 μL of 

RNA template. The reaction optical tubes were sealed with 

optical caps and subjected in 7300 Applied Bio Systems 

real time PCR with reverse transcription (48
0
C, 30 min), 

Activation of ampliTaq Gold
®
 DNA polymerase, UP 

(Ultra Pure) (95
0
C, 10 min), denaturing (95

0
C, 15 sec) 

annealing 54
0
C 30 sec and the extension 60

0
C 30 sec and 

dissociation step with 95
0
C 15 sec, 60

0
C 1 min, 95

0
C 15 

sec, and 60
0
C 15 sec. 

 

Taqman® Real Time RT-PCR 

The Taqman
®
 real time RT-PCR was performed according 

to Armed Forces Research Institute of Medical Sciences 

AFRIMS’s protocol using AgPath-ID
TM

. One-Step 

RT-PCR Kit (Ambion, Austin, TX, USA). Two separate 

duplex reactions were carried out for each RNA sample, 

one for simultaneous detection of DENV-1 and DENV-3 

and one for DENV-2 and DENV-4. DENV-1/DENV-3 

reaction mixture contained 2.5 µL of RNA suspension, 10 

pmoL (1 L) of each DENV-1 and DENV-3 primers, 5 

pmol (0.5 L) of each DENV-1 and DENV-3 probes, 1.83 

L of DNase RNase-free water, 1.67 µL of Detection 

Enhancer, 20 U of RNase, 12.5 µL of 2 x RT-PCR buffer, 

and 1 µL of 25 x RT-PCR enzyme mix, in total volume of 

25 µL. DENV-2/DENV-4 reaction mixture had the same 

composition of primers and probes were used. The 

single-step RT-PCR consisting of a 10 min RT step at 45
0
C, 

15 min of Taq polymerase activation at 95
0
C, followed by 

40 cycles of PCR at 95
0
C for 15 sec and 60

0
C for 1 min 

was performed on an ABI 7300 Real Time PCR system. 

Accumulation of PCR products was detected by 

monitoring the fluorescence emitted by probe hydrolysis 

using SDS software. The amplification cycle (Ct value) at 

which fluorescence was detected above the threshold was 

determined. A sample was defined as positive if the Ct 

value was <40, based on background cross-reactivity of 

the primers and probes in non-template control reactions.  

 

Results 
Limit of detection (LOD) of Conventional Nested PCR for 

Laboratory and Standard Strains  

One sample each of four serotype laboratory strains and 

two samples each of four standard serotype strains, tenth 

dilution from 1000 to 0.00001 pfu/mL were subjected as a 

triplicate to determine the LOD by conventional nested 

PCR. Consistent results for all triplicate reactions of the 

same sample were taken as the valid result. For the 

laboratory strains, DENV-1 and DENV-4 were detected 

down to 0.1and 10 PFU/mL, whereas DENV-2 were 

detected down to 0.0001 PFU/mL, DENV-3 to 0.01 

PFU/mL. The results using the standard strain showed that 

the LOD for DENV-2 and DENV-3 (0.1 and 0.01 pfu/mL, 

respectively) were the same as those of laboratory strains, 

but LOD for DENV-1 standard strain was only 1 pfu/mL 
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and that for DENV-4 was 10 pfu/mL.  

 

Limit of Detection (LOD) of Standard Strain in Real time 

SYBR Green Assay 

Two samples for each of four standard serotype strains 

(total eight samples) were subjected in real-time PCR 

to find the LOD. LOD as pfu/ml for DENV1, DENV2, 

DENV3 and DENV4 was 0.1, 0.01, 1.0 and 1.0 pfu/mL, 

respectively. LOD determined by the specific primer 

pair was the same as those determined by the universal 

primer except for DENV4 (10 pfu/mL). GC tail was 

added in the primer to improve the sensitivity as Lo et 

al. [18] to improve by 1 exponential to 1pfu/mL. 

 

 
Table 1 The primers used for conventional nested PCR assay 

Primer Sequence of primer Amplicon size 

Dl 5'-TCAATATGCTGAAACGCGCGAGAAACCG-3' 134-161 511 

D2 5'-TTGCACCAACAGTCAATGTCTTCAGGTTC-3' 616-644 511 

TS1 5'-CGTCTCAGTGATCCGGGGG-3' 568-586 482 

TS2 5'-CGCCACAAGGGCCATGAACAG-3' 232-252 119 

TS3 5'-TAACATCATCATGAGACAGAGC-3' 400-421 290 

TS4 5'-CTCTGTTGTCTTAAACAAGAGA-3' 506-527 392 

 
Table 2 The primers used for the SYBR green real-time RT-PCR 

Primer Sequence of primer Size GC content Tmp  Tmpp 

  bp % 0C  0C 

DNF CT(A,T)TCAATATGCTGAAACGCG 132 43 50   

R TCTATCCA(G, A)AAT(T,C)CCTGCTGTT 172 45,36,41 53,49,51  81.12 

D1R CGCTCCATTCTTCTTGAATGAG 154 46 53.3  80.09 

D2R CGCCACAAGGGCCATGAACAG 119 61 62  82.06 

D3R TCATGAGACAGAGCGATGTC 244 47.60 50  81 

D4R CCGCGGCCGGCGCG/ 226 63.90 81  83.56 

 AGTCAGTATCTTGATGGCCTT      

F = Forward, R = Reverse, bp = base pair, Tmp = melting temperature of primer, Tmpp = melting temperature of PCR product, 0C = 

degree centigrade. 

 

Table 3 Comparison of sensitivity and specificity of two real-time RT-PCR methods with conventional nested PCR 

Samples Conventional nested PCR (n) Real-time Taqman (n) Real-time SYBR green (n) 

True positive 138 91 118 

False Negative - 47 22 

False Positive - 14 10 

True Negative 55 41 43 

Sensitivity  0.65 [0.57 - 0.73] 0.84 [0.77 to 0.89] 

Specificity  0.74 [0.61 to 0.84] 0.81 [0.68 to 0.89] 

PPV  0.86 [0.78 to 0.91] 0.92 [0.86 to 0.95] 

NPV  0.46 [0.36 to 0.56] 0.66 [0.54 to 0.76] 

 

Table 4 Analysis of sensitivity of different PCR methods 

Samples Serology (n) Conventional nested PCR (n) Real-time Taqman (n) Real-time SYBR green (n) 

True positive 173 138 105 128 

False Negative - 35 68 45 

False Positive - - - - 

True Negative 20 20 20 20 

Sensitivity  0.79 [0.73 to 0.85] 0.6 [0.53 to 0.67] 0.74 [0.67 to 0.8] 

Specificity  0.97 [0.80 to 0.99] 0.97 [0.80 to 0.99] 0.97 [0.8 to 0.99] 

PPV  0.99 [0.96 to 1] 0.99 [0.95 to 1 ] 0.99 [0.96 to 1] 

NPV  0.36 [0.24 to 0.49] 0.23 [0.15 to 0.32] 0.3 [0.20 to 0.42] 

95% confidence intervals are in bracket. 
 

Validation of Real-Time SYBR® Green Assay by Clinical 

Samples 

Out of 223 samples, thirty blinded serum samples were 

tested by SYBR green real-time PCR assay using 

universal primer (DNF+R) set. Out of 24 positive 

differentiated samples by SYBR green real-time assay, 7 

samples were randomly selected and tested by duplex PCR 

and single-plex specific primers DNF+D1R+D3R, 

DNF+D2R and DNF+D4R. Sensitivity of the universal 

primer group was 82.75% while specificity was 100%. 

 

Sensitivity of the specific primer for each serotype tested 

on 7 samples. Among them 0nly 4 were positive and 3 

were negative. We conclude that duplex primer 

DNF+D1R+D3R is less sensitive than the single-plex 

primer. 

 

Sensitivity and Specificity of Real-Time Taqman and SYBR 
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Green PCR Assays in Comparison to Conventional Nested 

PCR. 

Hundred and ninety three dengue positive human serum 

samples diagnosed by conventional PCR and ELISA were 

tested by real-time Taqman and the SYBR green real time 

PCR assay and analyzed for the sensitivity and specificity as 

shown in Table 3. 

 

Real-time SYBR green RT-PCR test was more sensitive 

than real-time Taqman RT-PCR test. The 

sensitivity/specificity of the SYBR green RT-PCR assay 

was less than those of conventional RT-PCR but better 

than Taqman real-time PCR assay. 

 

Sensitivity of SYBR Green Real Time Assay in Primary and 

Secondary Infections 

Out of 193 samples, 109 positive samples in comparison 

with conventional nested PCR detected by real-time 

SYBR green analyzed with respect to primary and 

secondary infection. DENV-1 and DENV-2 serotype were 

more sensitive in primary infection, but DENV-3 and 

DENV-4 were sensitive in secondary infection.  

 

Analysis of the sensitivity of Real Time SYBR green 

dengue assay in different serotype with respect to primary 

and secondary infection is shown in Table 4. 

 

Sensitivity of SYBR Green Real-Time Assay in Due Course 

of Primary and Secondary Infections 
Out of 193 samples, the conventional nested PCR serotype 

discriminated as positive primary 38 samples and 

secondary 100 samples were analysed in the progression 

of the days of illness. Primary infection was detected 

consistently until the 6
th

 days of infection and then the 

detection rate went down in the second week. In the 

secondary dengue infection cases, the detection rate 

decreased after the 5
th

 days of illness (Figure 1).    

                   

Diagnostic Sensitivity of All Three Assays in Comparison 

to ELISA 

ELISA is important to confirm the diagnosis even in 

convalescent sera; we analyzed the diagnostic values of 

three PCR methods using acute and convalescent phase 

serum samples. Out of 193 samples, 173 positive samples 

were compared with the results of different PCR assays 

and the percentage of sensitivity was calculated.  

 

SYBR green RT-PCR assay was equally sensitive as the 

conventional nested PCR. Taqman real-time PCR was less 

sensitive than other two PCR assays. In terms of the 

specificity, all three assay methods were nearly 100% 

specific as shown in Table 4. 

 

Sensitivity of Different Assay on Progression of the Days 

of Illness 

Conventional nested PCR is more sensitive in the early 

days of infection. All PCR dengue assay was less 

sensitive after the 7
th

 days of fever.  

 

In comparison of the sensitivity of different PCR 

assays. All assays are sensitive (100%) in 0 days and 

the sensitivity decreases after 3 days. Only 50% are 

detectable at five days after fever by Taqman RT-PCR. 

The trend of decreasing sensitivity in the SYBR green 

is similar to the conventional nested PCR but 

sensitivity of real time Taqman fall less than 50% after 

three days of fever. Sensitivity is nearly similar on day 

7 and 8 for all three assays. Sensitivity of different 

assays is shown in Figure 2. 

 

Agreement Statistic 

Out of 193 samples tested by different PCR assays were 

analyzed in 2 x 2 tables to test the agreement of sensitivity 

with conventional nested PCR test. Statistical agreement 

of conventional nested PCR is moderate (kappa=.566) 

with SYBR green but slightly (kappa= 0.279) in real time 

Taqman assay.  

 

 
Fig. 1 Comparison of the sensitivity of Sybr green dengue assay 

in primary and secondary infection. Sybr green test% of 

sensitivity was higher and consistent till day sixth of fever and 

decrease less than 50% after day seven of fever in primary 

infection, while sensitivity was higher till day fifth of fever and 

decreased in the second week. 

 

 
Fig. 2 Sensitivity of different assay in progression of days. All 

three PCR assays were highly sensitive early days while 

sensitivity of SYBR green assay was highest in the first week. 

Sensitivity of all PCR assay decreased after fifth day. 

 

Discussion 
Although viral isolation is the gold standard method in 

dengue diagnosis, it is not common in practice due to the 

long time consuming, higher cost and laborious with the 

risk of examiners. Serology methods are in practice but 

they can diagnose only after the seroconversion in the 
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second week of fever. PCR is the only practical way to 

diagnose dengue in acute phase of infection. 

 

For conventional PCR, different regions of the virus RNA 

have been targeted [11, 19, 20]. To improve 

specificity/sensitivity, conventional nested PCR was 

developed [20] and modified [11] in one step RT-PCR. 

Among the comparison of four RT-PCR method of 

Dengue diagnosis, modified Lanciotti method was the 

most sensitive and reliable [21]. Modified Lanciotti 

method is common conventional method used nowadays 

in the laboratory. The wild virus (natural infected strain) 

were more sensitive (Pfu/mL) than standard laboratory 
strain because of the high mutating nature. Generally 

conventional nested PCR assay could detect less than 1 

pfu/mL in all serotype. 

 

The limit of detection by real-time SYBR green assay was 

far lower than the conventional PCR except in DENV3 

serotype, because of the well matched primer from the 

capsid region to form the amplicon of the interest [22]. 

The limit of detection of one step SYBR green real-time 

PCR was higher than real time Taqman assay and 

substantially agrees with conventional nested PCR in our 

data. Less sensitivity of Taqman real time assay was 

previously reported [23] that only single point mutation in 

Taqman probe could decrease the sensitivity by 47%. 

Conventional nested PCR require PCR amplification step 

to obtain first step product (RT-PCR) using the enzyme 

and the primer, real time SYBR green RT-PCR did not 

need any supplementary step to amplify the PCR product. 

Real time SYBR green could detect more than 

conventional nested PCR in detection of DENV-1 and 

DENV-2 and DENV4. Relatively low sensitivity against 

DENV-3 may be due to repeated freezing/thawing of the 

samples [24].   

 

The sensitivity of SYBR green dengue RT-PCR assay was 

equal or even lower than real-time Taqman RT-PCR assay 

in Poersch’s and Lai’s studies [16, 25]. Over all sensitivity 

and specificity of universal primer in the test of 193 

clinical dengue samples in our study was 84.85% and 

74 % which was higher than real-time Taqman 74.54%. 

 

In the test of 193 clinical samples SYBR green real-time 

assay was highly sensitive. The specificity was low 

compared to the conventional nested PCR as our gold 

standard. In this study, serology positive but conventional 

nested PCR negative samples were taken as false positive. 

SYBR green was even sensitive after the Seroconversion 

in the secondary dengue infection when conventional 

nested PCR became negative. It could be due to higher 

sensitivity of the assay to detect less copy number of RNA 

in the convalescent phase of dengue infection [16, 26]. 

Real-time SYBR green assay was more sensitive in 

DENV-1, DENV-2 (100%) in primary dengue infection 

while DENV-3 and DENV-4 were more sensitive in 

secondary infection. It may be due to the unequal 

distribution of these serotypes in primary and secondary 

infection. Real-time SYBR green assay was highly 

sensitive in primary infection until the 6
th

 day of the illness, 

while in secondary infection it got low sensitivity from the 

earlier day and least sensitive after the 5
th

 day of illness. It 

may be due to the persistent viremia in the primary 

infection [27]. For the diagnostic approach, ELISA could 

be the choice of diagnostic test [28]. We compared the 

sensitivity and specificity with ELISA, the specificity was 

100% and sensitivity was about same as conventional 

nested PCR, while real time Taqman assay was less 

sensitive than other two PCR assays. 

 

Serology is still commonly used in the general laboratories. 

We analyzed the diagnostic sensitivity of all three PCR 

assays in comparison with ELISA. Real time SYBR green 

assay was more sensitive (73%) than real time Taqman 

assay (60%) and comparable to the conventional nested 

PCR (78%). Specificity of all assays was 100%. 

 

By analyzing statistic agreement, the real-time SYBR 

green assay has moderate agreement in sensitivity with 

conventional nested PCR while Taqman real-time PCR has 

just fair agreement. 

 

Real-time PCR dengue assay (real-time Taqman and 

real-time SYBR green) was more rapid [29-31] to perform 

the reaction while conventional nested PCR take more 

time as it has one more step (reverse transcription and then 

nested) to get the final result. The exact time required to 

perform different PCR assays were recorded. Real-time 

Taqman and real-time SYBR green dengue assay were 

rapid as they could be performed in 1 step in less time. 

The time to perform SYBR green required 45 minutes 

more than real-time Taqman assay. 

 

Real-time SYBR green assay was cheaper than real-time 

Taqman and conventional nested PCR. ABI Biosystems 

recommended decreasing the volume of the reaction to 

economize the assay system. SYBR green assay can 

reduce the PCR reaction cost by half times than probe and 

other assays [25]. Here, we calculated the price of 

qualitative real-time from the 48 well plate’s reaction and 

for the conventional nested PCR. For the single reaction of 

all components, the price was calculated per reaction. 

Real-time SYBR green assay costs about 2 times less (137 

Thai Baht or 4.5 US dollars) than real-time Taqman (260 

Thai Baht or 8.6 US dollars) and conventional nested PCR 

(204 Thai Baht or 7 US dollars). 

 

It was easy to perform but it was not easy to optimize due 

to the nature of reaction (intercalating dye with ds DNA) 

and easily contaminated [32]. 

 

Further study in clinical sera for real-time SYBR green 

RT-PCR was needed to discriminate the serotype by single 

multiplex primer pair [33, 34] and the duplex primer to 

find out the dual serotype infection, which is common 

nowadays in endemic areas. Furthermore decreasing the 

volume of the reaction can lower the price of the reaction. 

Real time SYBR green assay is useful in early diagnosis of 

dengue before production of immunity by the infected host 
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[35]. Real-time SYBR green assay had many properties i.e. 

assay can detect many samples once, less handling, low 

chance of contamination and highly sensitive. These 

properties support to use this assay as a screening test in the 

epidemiological survey in almost all human infective 

flaviviruses [36].  

 

We improved SYBR green real-time assay for dengue to 

obtain better sensitivity and specificity which would be 

useful to for the public health setting. 

 

Conclusion 
The limit of detection of dengue virus in real time SYBR 

green was nearly same as conventional nested PCR. 

Sensitivity and specificity of SYBR green assay was 84% 

and 81%. It was better than real-time Taqman assay. 

SYBR green was moderately agreed in the sensitivity with 

conventional nested PCR. In both primary and secondary 

infection except DENV-3, all serotype were more sensitive 

in SYBR green real-time PCR assay than real-time 

Taqman assay. Real-time Taqman dengue assay is less 

sensitive than real-time SYBR green. Time to perform the 

SYBR green assay was less in comparison with 

conventional nested PCR assay. The reaction cost of the 

SYBR green assay was also cheapest among three PCR 

dengue assay. In future we need further more study to find 

the duplex primer assay to diagnose the dual infection in 

dengue endemic areas. 

 

High sensitive, specific, low time consuming and low 

price SYBR green assay can be concluded as the proper 

assay and recommended as a useful tool for the 

epidemiological dengue virus survey in the endemic 

zones. 
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