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Abstract 

 
Dengue virus is an important Flavivirus causing Dengue fever, a substantial public health cases in 
Indonesia. This article reported the application of multiplex PCR and RT-LAMP to detect Dengue 
virus from suspected infected-patients hospitalized in Dr. Soetomo hospital, Surabaya. In this study 
both RT-PCR and RT-LAMP could provide a definitive results for less than 2 h of work. Therefore, 
this experiment showed that the method could be applied for Dengue virus circulating from field 
samples and be used as routine laboratory testing or further epidemiology study.  
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INTRODUCTION 
 
Dengue virus is an important Flavivirus causing Dengue 
fever, a substantial public health cases in most all tropical 
and subtropical countries (Banu et al., 2014; Dupont-
Rouzeyrol et al., 2014; Guzman et al., 2010). Dengue 
infections are estimated to reach 390 million per year with 
different level of infection severity (Bhatt et al., 2013). 
Indonesia is one of tropical regions with severe infection 
rate of Dengue annually. In general, many factors 
influence infection rate of Dengue in different country. 
One of the most important factor is climate which 
supports vector life, the Aedes mosquitos (Colon-
Gonzalez et al., 2013; Naish et al., 2014). Apparently, the 
effect of rainy season is count to be prominent in 
Indonesia. Index of rain level is correlated with Dengue 
incidences in areas known having highly rain level such 
as Jakarta and West Kalimantan (Anonym b, 2009). The 
natural geography location of Indonesia with its climate 
condition make Dengue becoming difficult to be 
eradicated and becoming a chalenge. In the year of 
2009, 77 % Indonesias municipalities that are distributed 
in 97 % of total provinces are endemic for Dengue fever. 
The incidence rate of Dengue case is 60-70 per 100,000 

citizen (Anonym b, 2009). In comparison to other Asia 
regions such as Phillipine, Singapore, India, Myanmar 
and Thailand, Indonesias cases are classified into high 
infection rate (Anonym a, 2009). 

Severe case of Dengue exhibits significant bleeding, 
altered level of conciousness, gastrointestinal problem 
and acute organ impairment (Anonym a, 2009). Dengue 
infection lead to case fatality rate reaching 0.89 % in 
Indonesia (Depkes RI, 2009, WHO, 2012). Although 
some vaccines of Dengue are on trial (Cunningham and 
Hayney, 2014; Mullard, 2014; Villar et al., 2014), no 
effective antiviral agents exist to treat infected patients so 
far and therefore the treatments to reduce disease fatality 
are remaining supportive. The critical factor to reduce 
Dengue severity and patient mortality is appropriate 
treatments which are largely depends on succesfull 
detection system in the early disease onset. The routine 
laboratory diagnosis such as haemaglutination inhibition 
and ELISA have developed earlier. These methods can 
not detect the serotype of dengue infecting virus and 
highly cross reactive with other flaviviruses. Whilst, the 
virus isolation and identification  methods  consume  time  
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as well as providing low succesfull rate due to handling 
difficulties (Johnson et al., 2000). New development of 
NS1 antigen-based method gave possibility of false 
positive reaction in detecting clinical patients (Chung et 
al., 2014; Colombo et al., 2013). 

The development of molecular biology-based 
approaches such as polymerase chain reaction (PCR) 
yield promising results on its spesifity, sensitivity, time 
and cost efficiency. It able to differentiate dengue virus 
serotypes in the plasma of serum patients. The 
developments of the system are vary starting from 
nested-PCR, multiplex-PCR and TaqMan real-time PCR 
with different target of amplification in the virus genome 
(Lanciotti et al., 1992; Seah et al., 1995; Waggoner et al., 
2013) and becoming essential test for Dengue detection 
system. The development of loop-mediated isothermal 
amplification (LAMP) provide possibility of easier and 
more simple technical system (Notomi et al., 2000; 
Parida et al., 2005). It can proceed amplification of the 
sample with a single temperature instrument or waterbath 
without thermal cycle whicht fits for laboratories in 
developing countries. 

This article reports the application of multiplex PCR 
and RT-LAMP to detect Dengue virus from suspected 
infected-patients hospitalized in Dr. Soetomo hospital, 
Surabaya. The succesfull application of RT-LAMP 
confirmed by multiplex-PCR and followed by DNA 
sequencing gave us the evidence that the system used 
can be applied in the clinical sample for common Dengue 
virus serotype circulating in Indonesia and be used as 
routine laboratory testing.  

 
 

MATERIALS AND METHODS 
 
Patient samples 
 
The blood sampling from all patients in this experiment 
were taken with permission based on accepted ethical 
clearance no. 19/ Panke. KKE/ II/ 2011, issued by ethical 
committee RSUD Dr. Soetomo, Surabaya, Indonesia. 
Suspected infected-patients were diagnosed based on 
the clinical signs and haematological changes as guided 
by WHO (Anonym a, 2009). Pheripheral blood samples 
were collected in a 9 mL-heparin vacutainer (Greiner Bio-
One). To keep RNAs integrity, the blood were mixed with 
RNAlater (Ambion) at the volume ratio of 1:3 and keep on 
4ºC until use in no more than 3 days. 
 
Dengue virus as positive control 
 
Dengue virus as positive control are obtained from 
Department of Parasitology, Faculty of Medicine Gadjah 
Mada University, previously confirmed as reference 
isolate originated from Indonesia (Umniyati et al.,    
2008). Virus was cultured by monolayer of C6/ 36 cell   
line kept in 28ºC, 5% CO2. The  infected  monolayer  was  

 
 
 
 
supplemented with DMEM (Gibco) containing 2% fetal 
calf serum, 100 U/mL penicillin, 1X non-essential amino 
acids, and 100 µg/mL streptomycin. 
  
Total RNAs isolation 
 
The positive controls were taken both from the medium 
supernatant and infected cells remaining on the 
inoculated flasks after one week culture period. Whilst, 
the blood from patients colletected (see 2.1) were served 
as samples. Total RNA isolation was performed using the 
RNeasy kit (Qiagen) according to manufacturer’s 
protocol. For total RNA isolation, 600 µl of 70 % ethanol 
were added to the suspension, resuspended and 
transferred to the column tube. The samples were then 
centrifuged (10,000xg, 1 min) and flow-throughs were 
discarded. Then the samples were washed once with 500 
µl buffer RW1 (10,000xg, 1 min) and twice with 500 µl 
buffer RPE (10,000xg, 1 min). Total RNA was eluted by 
adding 50 µl of DEPC-treated water to the collumn 
followed  by centrifugation (10,000xg, 1 min). Total RNAs 
were stored at -20ºC until further use. 
 
One step Reverse Transcriptase-Polymerase Chain 
Reaction (RT-PCR) 
 
RT PCR was performed using Superscript Platinum Taq 
RT-PCR (Life Technologies) according to manufacturer’s 
instructions. The reaction contained 12.5 µl RT-mix, 0.5 
µl RT-Taq enzyme, 1 µl MgSO4, 5 µl RNA, 1 µl of 10 
pmol forward primer and 1 µl of each 10 pmol reverse 
primer in the total 25 µl reaction volume. The primers 
(Lanciotti et al., 1992) were purchased from 1st BASE 
(Singapore) as follows: universal forward 
5’TCAATATGCTGAAACGCGCGAGAAACCG3’, DEN-1 
reverse 5’CGTCTC AGTGATCCGGGGG3’, DEN-2 
reverse 5’CGCCACAAGGGCCATGAACAG3’, DEN-3 
reverse 5’TAACATCATCATGAGACAGAGC3’ and DEN-
4 reverse 5’TGTTGTCTTAAA CAAGAGAGGTC3’. The 
reaction in the thermal cycler (Eppendorf) consist of: 
incubation at 42ºC for 60 min for reverse transcriptation 
followed by 30 cycles of denaturation 94ºC for 30 sec, 
annealing 54ºC for 1 min, elongation 68ºC for 1 min and 
1 cycle of final extension 68ºC for 10 min. The amplified 
product were loaded onto 1.5% agarose gel 
supplemented with SYBR Safe (Life Technologies) and 
visualized in UV light. 
 
 
DNA sequencing 
 
All the amplicons obtained from RT-PCR controls and 
samples (n=30) were sequenced (1st BASE, Singapore) 
and analyzed by BLASTN 
(http://www.ncbi.nlm.nih.gov/blast) to confirm sequence 
similarity with other Dengue viruses isolates submitted in 
genbank databases.  
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Table 1. RT-LAMP primers 
 

Serotype Primer Sequence 5’3’ 

DEN-1 

F3 GAGGCTGCAAACCATGGAA 
B3 CAGCAGGATCTCTGGTCTCT 
FIP GCTGCGTTGTGTCTTGGGAGGTTTTCTGTACGCATGGGGTAGC 
BIP CCCAACACCAGGGGAAGCTGTTTTTTTGTTGTTGTGCGGGGG 
FLP CTCCTCTAACCACTAGTC 
BLP GGTGGTAAGGACTAGAGG 

DEN-2 

F3 TGGAAGCTGTACGCATGG 
B3 GTGCCTGGAATGATGCTG 
FIP TTGGGCCCCCATTGTTGCTGTTTTAGTGGACTAGCGGTTAGAGG 
BIP GGTTAGAGGAGACCCCCCCAATTTTGGAGACAGCAGGATCTCTGG 
FLP GATCTGTAAGGGAGGGG 
BLP GCATATTGACGCTGGGA 

DEN-3 

F3 GCCACCTTAAGCCACAGTA 
B3 GTTGTGTCATGGGAGGG 
FIP TGGCTTTTGGGCCTGACTTCTTTTTTGAAGAAGCTGTGCAGCCTG 
BIP CTGTAGCTCCGTCGTGGGGATTTTCTAGTCTGCTACACCGTGC 
FLP CCTTGGACGGGGCT 
BLP GGAGGCTGCAAACCGTG 

DEN-4 

F3 CTATTGAAGTCAGGCCAC 
B3 ACCTCTAGTCCTTCCACC 
FIP TGGGAATTATAACGCCTCCCGTTTTTTCCACGGCTTGAGCAAACC 
BIP GGTTAGAGGAGACCCCTCCCTTTTAGCTTCCTCCTGGCTTCG 
FLP GGCGGAGCTACAGGCAG 
BLP TCACCAACAAAACGCAG 

 
 
One step Reverse Transcription-Loop-Mediated 
Isothermal Amplification Assay (RT-LAMP) 
 
The primer sets for RT-LAMP reaction performed in this 
experiments were based on Parida et al. (2005) with 
slightly modifications. Primers (1st BASE, Singapore) 
were consist of 6 pairs for each Dengue serotype showed 
in Table 1. The reaction compositions were as follows: 50 
pmol of FIP and BIP primers, 10 pmol F3 and B3 primers, 
25 pmol of FLP and BLP, 2.5 µl amplification buffer (New 
England Biolabs), 10 mM MgSO4, 2 mM dNTPs, 10 U 
Bst polymerase (New England Biolabs), 0.5 U 
ThermoScript™ reverse transcriptase (Life Technologies) 
and 5 µl isolated RNAs in 25 µl total reaction volume. 
Tubes were placed in the waterbath at 64ºC for 1 h. The 
amplifications were checked by loading onto 1% agarose 
gel and direct visualization under UV light/ transluminator. 
 
 
RESULTS AND DISCUSSION 
 
The correct diagnosis of Dengue Fever becomes a key 
role to choose the appropriate treatments for patients and 
therefore able to reduce the disease fatality and mortality 
rate (Aurpibul et al., 2014; Simmons et al., 2012; 
Tomashek et al., 2014; Whitehorn et al., 2014). Detection 
system based on the virus genome will give accurate 

result in the early fever period due to high circulating 
virus in the blood (Anonym a, 2009; Drosten et al., 2002). 

Dengue virus serotypes cultured in the C6/ 36 cell line 
served as control for initial reaction test. The cytopatic 
effect of virus infections one week after inoculation did 
not show clear differences on each serotype (Figure 1.A). 
RT-PCR detection showed different amplicons produced 
of DEN-1 482 bp, DEN-2 119 bp, DEN-3 290 bp and 
DEN-4 389 bp (Figure 1. B1). RT-LAMP reaction also 
able to be performed resulting loop-amplicon product as 
shown on Figure 1. B2. Highly DNA abundance amplified 
by RT-LAMP allows the positive amplification can be 
seen by naked eye on the tubes without agarose gel 
eletrophoresis (Figure 2. B3). 

The optimized reactions were then applied to patients 
sample as shown in Figure 2. Sequencing of multiplex 
PCR product showed highly similarity of Dengue viruses 
from field samples as follows: DEN-1 genbank no. EU 
848545 (99.8%), DEN-2 genbank no. JF 327392 (99.9%), 
DEN-3 genbank no. AY 858047 (98.3%), DEN-4 genbank 
no. GQ 868594 (99.45%). The highest incidency was 
DEN-3 (40%) followed by DEN-2 (33.3%), DEN-4 (20%) 
and DEN-1 (6.7%). Overall reactions for RT-LAMP were 
finished 1 h to produce positive results as observed in 
Figure 2. B. Sample producing smear band on RT-PCR 
(lane 11, Figure 2.A) could be amplified by RT-LAMP 
succesfully as observed by thick continuous-loop band on  
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Figure 1. Cultivation on C6/ 36 cell line, multiplex RT-PCR and RT-LAMP of control virus. 
A: Cultivation of four Dengue virus serotype; A1: DEN-1; A2: DEN-2; A3: DEN3; A4: DEN-4. B: Multiplex RT-PCR 
reaction of control (B1), RT-LAMP reaction (B2) and direct visualization from RT-LAMP reaction under UV-light 
(B3), with the respective annotations; M: marker; 1: DEN-1; 2: DEN-2; 3: DEN-3; 4: DEN-4; c: control (H2O). 
 
 

 

 
 

Fig. 2. Exemplary result of multiplex RT-PCR (A) and RT-LAMP (B) reactions from field samples. 
 
 
 
agarose gel (lane 11, Figure 2.B). The results implied that 
RT-LAMP system used can provide fast, sensitive and 
simple detection for RNA samples originated from field 
cases. 

In this study both RT-PCR and RT-LAMP could 
provide a definitive results for less than 2 h work. The 
serotypes of infecting Dengue virus were differentiated by 
multiplexing primers used and monitored by band 
migration in DNA electrophoresis. Nevertheless, the 
necessity of thermal cycler to perform PCR may become 
difficult to be provided in all pheriphery laboratories. 
Whilst RT-LAMP does not need expensive thermal cycler 

to be performed. Single temperature set of reverse 
transcriptase and Bst polymerase in around 60ºC made 
overall reaction could be established in the normal 
waterbath. In addition, positive reaction could be 
observed directly without loading onto agarose gel.  

Although high genetic variability of Dengue virus are 
commonly occured (Rico-Hesse, 2003, 2007), RT-PCR 
and RT-LAMP used here are still able to be performed 
without any difficult optimizations as compared to controls 
and confirmed by DNA sequencing. Therefore this 
experiment showed that the method could be applied for 
Dengue virus from field sample circulating in Indonesia.  



 
 
 
 
The accuracy and feasibility of methods are not only 
intended for practical doctors but also disease 
investigation such as viral load quantification and 
epidemiology studies. The usage may also be expanded 
for detection on the vector carrying virus, Aedes 
mosquitos. 
 
 
ACKNOWLEDGEMENTS 
 
The research was supported by Indonesian Ministry of 
Health, RISBIN IPTEKDOK no. HK.03.05/1/393/2011 and 
STRATEGIS NASIONAL no. SK LPPM-
UGM/966/BID.I/2012 from Indonesian Directorate 
General of Higher Education. We thank the doctors, 
nurses and staffs of Department of Internal Medicine, Dr. 
Soetomo Hospital, for the assistance during investigation. 
  
 
REFERENCES 
 
Anonym a. (2009). Dengue: Guidelines for Diagnosis, Treatment, 

Prevention and Control: New Edition. Geneva: World Health 
Organization; 2009. 4, LABORATORY DIAGNOSIS AND 
DIAGNOSTIC TESTS. Available from: 
http://www.ncbi.nlm.nih.gov/books/NBK143156/ 

Anonym b. (2009). Demam Berdarah Dengue. Buletin jendela 
epidemiologi. 2, 2010. 

Aurpibul L, Khumlue P, Issaranggoon na ayuthaya S, Oberdorfer P 
(2014). Dengue shock syndrome in an infant. BMJ case reports. 

Banu S, Hu W, Guo Y, Naish S, Tong S (2014). Dynamic 
spatiotemporal trends of dengue transmission in the Asia-Pacific 
region, 1955-2004. PloS one 9, e89440. 

Bhatt S, Gething PW, Brady OJ, Messina JP, Farlow AW, Moyes CL, 
Drake JM, Brownstein JS, Hoen AG, Sankoh O, Myers MF, George 
DB, Jaenisch T, Wint GR, Simmons CP, Scott TW, Farrar JJ, Hay 
SI (2013). The global distribution and burden of dengue. Nature 
496, 504-507. 

Chung SJ, Krishnan PU, Leo YS (2014). Two Cases of False-Positive 
Dengue Non-Structural Protein 1 (NS1) Antigen in Patients with 
Hematological Malignancies and a Review of the Literature on the 
Use of NS1 for the Detection of Dengue Infection. The American 
journal of tropical medicine and hygiene. 

Colombo TE, Vedovello D, Araki CS, Cogo-Moreira H, dos Santos IN, 
Reis AF, Costa FR, Cruz LE, Casagrande L, Regatieri LJ, Junior JF, 
Bronzoni RV, Schmidt DJ, Nogueira ML (2013). Dengue-4 false 
negative results by Panbio(R) Dengue Early ELISA assay in Brazil. 
J. Clin. Virol.: the official publication of the Pan American Society for 
Clinical Virology 58, 710-712. 

Colon-Gonzalez FJ, Fezzi C, Lake IR, Hunter PR (2013). The effects of 
weather and climate change on dengue. PLoS neglected tropical 
diseases 7, e2503. 

Cunningham KC, Hayney MS (2014). Progress toward vaccines for 
cholera, dengue, malaria, and Ebola. J. Am. Pharm. Association: 
JAPhA 54, 654-657. 

Drosten C, Gottig S, Schilling S, Asper M, Panning M, Schmitz H, 
Gunther S (2002). Rapid detection and quantification of RNA of 
Ebola and Marburg viruses, Lassa virus, Crimean-Congo 
hemorrhagic fever virus, Rift Valley fever virus, dengue virus, and 
yellow fever virus by real-time reverse transcription-PCR. J. Clin. 
Microbiol. 40, 2323-2330. 

Dupont-Rouzeyrol M, Aubry M, O'Connor O, Roche C, Gourinat AC, 
Guigon A, Pyke A, Grangeon JP, Nilles E, Chanteau S, Aaskov J,  

 

Hamid et al. 5 
 
 
 
 
Cao-Lormeau VM (2014). Epidemiological and molecular features of 

dengue virus type-1 in New Caledonia, South Pacific, 2001-2013. 
Virology journal 11, 61. 

Guzman MG, Halstead SB, Artsob H, Buchy P, Farrar J, Gubler DJ, 
Hunsperger E, Kroeger A, Margolis HS, Martinez E, Nathan MB, 
Pelegrino JL, Simmons C, Yoksan S, Peeling RW, (2010). Dengue: 
a continuing global threat. Nature reviews. Microbiology 8, S7-16. 

Johnson AJ, Martin DA, Karabatsos N, Roehrig JT (2000). Detection of 
anti-arboviral immunoglobulin G by using a monoclonal antibody-
based capture enzyme-linked immunosorbent assay. J. Clin. 
Microbiol. 38, 1827-1831. 

Lanciotti RS, Calisher CH, Gubler DJ, Chang GJ, Vorndam AV (1992). 
Rapid detection and typing of dengue viruses from clinical samples 
by using reverse transcriptase-polymerase chain reaction. J. Clin. 
Microbiol. 30, 545-551. 

Mullard A (2014). Sanofi's dengue vaccine rounds final corner. Nature 
reviews. Drug discovery 13, 801-802. 

Naish S, Dale P, Mackenzie JS, McBride J, Mengersen K, Tong S 
(2014). Climate change and dengue: a critical and systematic 
review of quantitative modelling approaches. BMC infectious 
diseases 14, 167. 

Notomi T, Okayama H, Masubuchi H, Yonekawa T, Watanabe K, Amino 
N, Hase T (2000). Loop-mediated isothermal amplification of DNA. 
Nucleic acids research 28, E63. 

Parida M, Horioke K, Ishida H, Dash PK, Saxena P, Jana AM, Islam 
MA, Inoue S, Hosaka N, Morita K (2005). Rapid detection and 
differentiation of dengue virus serotypes by a real-time reverse 
transcription-loop-mediated isothermal amplification assay. J. Clin. 
Microbiol. 43, 2895-2903. 

Rico-Hesse R (2003). Microevolution and virulence of dengue viruses. 
Advances in virus research 59, 315-341. 

Rico-Hesse R (2007). Dengue virus evolution and virulence models. 
Clinical infectious diseases: an official publication of the Infectious 
Diseases Society of America 44, 1462-1466. 

Seah CL, Chow VT, Chan YC (1995). Semi-nested PCR using NS3 
primers for the detection and typing of dengue viruses in clinical 
serum specimens. Clinical and diagnostic virology 4, 113-120. 

Simmons CP, Wolbers M, Nguyen MN, Whitehorn J, Shi PY, Young P, 
Petric R, Nguyen VV, Farrar J, Wills B (2012). Therapeutics for 
dengue: recommendations for design and conduct of early-phase 
clinical trials. PLoS neglected tropical diseases 6, e1752. 

Tomashek KM, Biggerstaff BJ, Ramos MM, Perez-Guerra CL, Garcia 
Rivera EJ, Sun W (2014). Physician survey to determine how 
dengue is diagnosed, treated and reported in puerto rico. PLoS 
neglected tropical diseases 8, e3192. 

Umniyati SR, Sutaryo WD, Artama WT, Mardihusodo SJ, Soeyoko MB, 
Utoro T (2008). Application of monoclonal antibody DSSC7 for 
detecting dengue infection in Aedesaegypti based on 
immunocytochemical streptavidin biotin peroxidase complex assay 
(ISBPC). Dengue Bulletin;32:83-98. 

Villar L, Dayan GH, Arredondo-Garcia JL, Rivera DM, Cunha R, Deseda 
C, Reynales H, Costa MS, Morales-Ramirez JO, Carrasquilla G, 
Rey LC, Dietze R, Luz K, Rivas E, Montoya MC, Supelano MC, 
Zambrano B, Langevin E, Boaz M, Tornieporth N, Saville M, 
Noriega F, the, CYDSG (2014). Efficacy of a Tetravalent Dengue 
Vaccine in Children in Latin America. N. Engl. J. M. 

Waggoner JJ, Abeynayake J, Sahoo MK, Gresh L, Tellez Y, Gonzalez 
K, Ballesteros G, Pierro AM, Gaibani P, Guo FP, Sambri V, 
Balmaseda A, Karunaratne K, Harris E, Pinsky BA (2013). Single-
reaction, multiplex, real-time rt-PCR for the detection, quantitation, 
and serotyping of dengue viruses. PLoS neglected tropical diseases 
7, e2116. 

Whitehorn J, Yacoub S, Anders KL, Macareo LR, Cassetti MC, Nguyen 
Van VC, Shi PY, Wills B, Simmons CP (2014). Dengue 
therapeutics, chemoprophylaxis, and allied tools: state of the art and 
future directions. PLoS neglected tropical diseases 8, e3025. 

 
 

 


