
Dengue Bulletin – Volume 33, 2009 45

Genotypic and phenotypic characteristics of  
DENV-3 isolated from patients with  

different disease severities in Indonesia
Beti Ernawati Dewia,b#, Tomohiko Takasakia, Shigeru Tajimaa,  

T Mirawati Sudirob, R.P. Larasatic, Andrew Lee Corwinc  
and Ichiro Kuranea

aLaboratory of Vector-Borne Viruses, Department of Virology 1,  
National Institute of Infectious Diseases, 1-23-1 Toyama, Shinjuku-ku, Tokyo, 163-8640, Japan

bDepartment of Microbiology, Medical Faculty, University of Indonesia,  
Jalan Pegangsaan Timur no. 16, Jakarta 10320, Indonesia

cU.S. Naval Medical Research Unit No. 2, Jakarta, Indonesia

Abstract

We have investigated the genetic diversity of DENV-3 isolated during an outbreak of dengue haemorrhagic 
fever (DHF) in the city of Palembang, south Sumatra, Indonesia. Four viruses were isolated from patients 
with different disease severities. Amino acid differences were detected at 40 positions throughout the 
structural and non-structural proteins, except for the preM protein. Of the 40 positions, amino acids 
were conserved at 24 positions among three DSS/DHF strains, and the DF strain possessed different 
amino acids at these positions. Five nucleotide substitutions were identified on 3’ UTR. In monocyte 
cell line, U937, the three DSS/DHF strains were able to propagate to higher levels compared to the 
DF strain. These preliminary results showed that the DSS/DHF strains have unique amino acid residues 
that are different from the DF strain and have better ability to propagate to a higher level in human 
monocytes. These characteristics of the DSS/DHF strains may contribute to enhanced infection and 
induction of severity of the disease.
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Introduction

Dengue virus infection continues to increase 
in tropical and sub-tropical countries of 
the world, and presently, more than 2.5 
billion people now live in regions with the 

risk of dengue infection.[1] The pathological 
mechanisms of dengue haemorrhagic fever 
(DHF) are still poorly understood. The lack of 
animal models for severe dengue illness has 
hampered the elucidation of mechanisms by 
which dengue virus infection leads to DHF. 
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A number of models have been proposed, 
based on epidemiological and experimental 
data, to explain the pathogenesis of severe 
dengue illness. 

The hypothesis that various kinds of 
cytokines are responsible for plasma leakage, 
the hallmark of DHF, has been supported by 
many workers.[2,3,4] The other mechanism, 
antibody-dependent enhancement (ADE), 
arose from the observation that secondary 
infection with heterotypic dengue virus is 
associated with an increased risk of DHF and 
from the experiments demonstrating that sub-
neutralizing the concentration of antibodies 
increased virus titres in vivo and in vitro.[5,6] 
However, secondary infection by some dengue 
viruses does not produce DHF/DSS.[7,8] DHF 
may also be due to the intrinsic biological 
properties of dengue virus strains.[9] 

Advances in technology of gene cloning, 
nucleotide sequencing and gene expression 
have facilitated the understanding of the 
molecular biology of dengue viruses. Dengue 
virus genome is composed of approximately 
10 600 nucleotides, single-stranded positive 
sense RNA.[10] It contains a single open reading 
frame that is flanked by two un-translated 
regions; 5’ and 3’ un-translated region (UTR). 
The amino acid differences of dengue viruses 
have been implicated to the pathogenesis of 
DHF.[11,12] Dengue virus virion is composed 
of three structural proteins: core protein (C); 
membrane protein (M); and envelope protein 
(E). Seven non-structural proteins are also 
present: NS1, NS2a, NS2b, NS3, NS4a, NS4b 
and NS5.[10,13] 

Although dengue epidemic occurred at 
regular intervals in Indonesia since it was first 
recognized in Java, there have been limited 
reports of the diversity of dengue viruses 
isolated in Indonesia. Analysis of the viruses 

isolated from DHF patients from 1975 to 1978 
demonstrated that all four dengue viruses 
were endemic in Jakarta, but DENV-3 was 
the most predominant.[14] DENV-3 was also 
the most frequently isolated virus outside 
Jakarta and had the widest distribution in the 
country.[14,15]

In the present study, we defined the amino 
acid substitutions that may contribute to the 
disease severity using DENV-3 isolated from 
patients with different disease severities. We 
also analysed the phenotypic characteristics; 
growth kinetic in Vero, C6/36 and U937 Cell. 
In addition, we also analysed the genetic 
relationship of these four isolates among other 
DENV-3 isolates.

Materials and methods

Source of the viruses

The dengue viruses used in this study were 
isolated from patients during an outbreak 
of DHF in the city of Palembang, South 
Sumatra, from January to April 1998.[15] 
The viruses were isolated from patients 
with different disease severities according 
to the criteria fixed by the World Health 
Organization (Table 1). Serum samples were 
serologically examined by anti-dengue IgM/
IgG antibody-capture ELISA[16] and rapid 
immunochromatographic assay (PanBio Inc., 
Brisbane, Australia). Serological tests were 
done at the US Naval Medical Research 
Unit-2 (US NAMRU-2), Jakarta.

Virus isolation

Serum samples were collected from the 
hospitalized, suspected dengue cases and 
analyzed for the presence of dengue virus at 
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US NAMRU-2.[15] Virus isolation was done 
by inoculating 50 ul of 1:10 dilution serum 
samples onto C6/36 cell line in 24 well 
plates.[17] Dengue viruses were propagated in 
C6/36 cells at 28 °C for seven days. The culture 
supernatants were harvested and centrifuged 
at 900 g for five minutes and then filtered 
through the syringe driven millex GV with 0.22 
um filter unit (Millipore, Co., Bedford, MA, 
USA). Culture supernatants were collected and 
checked for the presence of dengue virus by 
plaque titration onto confluent Vero cells.[17] 
The types of the isolated dengue viruses were 
determined by real-time RT-PCR.[18] Four 
DENV-3 isolates were extensively used in the 
present study (Table 1). These viruses included 
two isolates from DSS patients, one from DHF 
patient and one from a DF patient.

Plaque titration assay in Vero cells

Briefly, a 10-fold serial dilution of DENV-2 
was inoculated onto Vero cell monolayer in 
duplicate wells. Absorption was carried out at 
37 °C in 5% CO2 for two hours with agitation 
at intervals of 30 minutes. Methylcellulose 
overlay medium was added and infected Vero 
cells were incubated at 37 °C in 5% CO2 for 
seven to nine days. Plaque numbers were 
counted after methylene blue staining.

Determination of mutations 

RNA was extracted from 200 ul of the culture 
supernatants of infected C6/36 cells using 
High Pure Viral RNA kit (Roche Applied 
Science, GmbH, Germany) according to the 
manufacturer’s instructions. Complementary 
DNA (cDNA) strands were reverse-transcribed 
using Super Script II First Strand Synthesis 
System with random hexanucleotide primer 
according to the manufacturer’s instructions 
(invitrogen). The PCR amplification of the 
entire genome was performed using the cDNA 
products in PTC-100TM programmable thermal 
cycles (MJ Research Inc.). PCR amplification 
reaction included: 2 µl of cDNA, 3 µl of 10X 
PCR buffer containing 1.5 mM MgCl, 1.5 µl 
of 0.2 mM of each dNTPs, 0.3 µl of 2.5 U Taq 
polymerase, 0.5 µl of each primer 100 pmol 
in a total reaction mixture of 30 µl. PCR was 
performed with initial denaturation at 94 °C 
for one minute followed by 30 cycles of 
denaturation at 94 °C for 30 seconds, annealing 
at 60 °C for 30 seconds and extension at 
72 °C for 60 seconds, and a final single cycle 
extension at 72 °C for two minutes. After 
amplification, PCR products were analysed 
by using electrophoresis. Five micro litre of 
PCR product was loaded on 2% agarose gel 
in TAE buffer and stained ethidium bromide, 
and visualized under ultraviolet (UV) light. 

Table 1: The strain code, disease severities, patients’ demography, serological responses and 
GeneBank accession number of DENV-3 isolates

Code of 
isolates Serotype Clinical 

grade
Serological 
response Sex Age 

(years)

Date of 
onset of 

fever

Date of 
sampling

GeneBank 
accession 

no.

98902890 DENV-3 DF Secondary F 8 7 Apr 98 9 Apr 98 AB189128

98901517 DENV-3 DHF Secondary M 2 7 Apr 98 9 Apr 98 AB189127

98901403 DENV-3 DSS Secondary M 13 8 Apr 98 9 Apr 98 AB189125

98901437 DENV-3 DSS Secondary M 11 5 Apr 98 9 Apr 98 AB189126
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Twenty-five micro litres of PCR amplification 
products were purified using QIAquick PCR 
purification kits (Qiagen GmbH, Hilden, 
Germany) as outlined by the manufacturer 
and used for direct sequencing. 

Primer sequences were obtained and 
designed from the published data of DENV-3 
(GenBank accession no. AY648961) using 
Oligo 6 programme (Table 2). The unknown 
sequences at either 5’ and 3’ UTR were 
determined using rapid amplification of cDNA 
ends (RACE) according to the manufacturer’s 
instructions (invitrogen). 

The sequences were determined using Taq 
Big Dye Deoxy Terminator Cycle sequencing 
kits (Applied Biosystems, Foster City, California, 
USA). Three micro litres (±50ng) of purified 
products was sequenced directly by adding 
3.2 pmol of primer, 2 µl Big Dye Terminator 
v. 3.0 and 4 µl of 5X Big Dye Terminator v. 
3.0 buffer (Applied Biosystems, Foster City, 
CA USA) and sterile distilled water up to 20 
ul. Following thermal cycling as described 
in the manufacturer’s instructions, reaction 
products were purified by column purification 
(CentriSeps, USA) and vacuum-dried for 30 
minutes. The pellet was resuspended in 15 µl 
of Hi DiTM Formamide (Applied Biosystems, 
USA) and analysed by using an ABI PRISM 

3100-avant genetic analyser (data collection 
software ver. 1.0 sequence analysis software 
ver. 3.7). Nucleotide and amino acid sequence 
analysis was performed using GENETIC MAC- 
and BLAST programme. Codon positions 
used in the present study were based on the 
GenBank accession number described earlier. 

Pylogenetic analysis

The envelope protein of DENV-3 from 
GenBank was used to develop a phylogenetic 
tree for comparison among the isolates. 

Construction of phylogenetic trees and 
homology analysis were performed using the 
Genetyx-Win version 6.1 programme.

Growth kinetics in Vero cell and 
C6/36 cell

Vero cells and C6/36 cells were infected with 
DENV-3 at an m.o.i of 0.001 pfu/cell and 0.01 
pfu/cell respectively in 12 well plates. After two 
hours of incubation at 37 °C in 5% CO2, cells 
were washed with MEM supplemented with 
2% FBS. Two ml of MEM supplemented with 
2% FBS medium were added and this point 
of time was designed as 0 hour. At indicated 
time points after infection, 400 ul of culture 
supernatant fluids were removed, centrifuged 
to remove debris and frozen at –80 °C. The 
level of virus replication was assayed by plaque 
titration in Vero cells.

Growth kinetics in U937 cells

A total of 1 x 106 U937 cells were infected 
with 100 ul of DENV-3 at an m.o.i of 0.2 pfu/
cell with the presence of 1:10 000 diluted 
DENV-2-infected patient’s sera. The infection 
was carried out for two hours at 37 °C in 5% 
CO2. After two hours of incubation, cells were 
washed with RPMI 1640 medium without 
FBS. Subsequently, U937 cells were diluted 
at the concentration of 1 x 106 cell/ml in 
RPMI 1640 medium (Sigma) supplemented 
with 10% heat inactivated FBS (Sigma, 
USA), L-glutamine and NaHCO3 (Gibco), 
and antibiotics 100 ug of streptomycin and 
100 units of penicillin (Gibco).[19] At various 
points of time after infection, 0.2 ml of U937 
cells culture supernatant was harvested and 
centrifuged at 1.500 rpm for five minutes at 
4 °C. Supernatants were collected and assayed 
for virus titres using plaque assay in Vero 
cells. The heat-inactivated virus was used as 
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Table 2: Primer sequence, nucleotide position in the dengue genome and RT-PCR product 
size [Primer sequences were obtained and designed from the published data of DENV-3 

(GenBank accession no. AY648961) using Oligo 6 programme]

Nucleotide position Sequence 5’-3’ Size (bp) Information

1-22
461-482

AGTTGTTAGTCTACGTGGACC
GGATTTTCCTCTTTCATTCTT

481 Forward
Reverse

390-411
666-687

GACAGCAAGGTAGCCCATAGC
CTTATCGCGTCTATGCTCTCC

297 Forward
Reverse

412-433
965-986

GACAGCAAGGTAGCCCATAGC
CACCACGTCAACCCACGTGGC

574 Forward
Reverse

843-864
1041-1062

TAGCCCTATTTCTTGCCCATT
CCTCGGTCTTCTGGAGCTCTA

219 Forward
Reverse

985-1006
1438-1459

AGCCACGTGGGTTGACGTGGT
TCTAGCCCAAGGGTTCCATAT

474 Forward
Reverse

1381-1402
1906-1927

CCAGGTGGGAAATGAAACGCA
TCCGTGGAGAAGGGAATCTTG

546 Forward
Reverse

1725-1746
2381-2401

GAGCTACAGAGATCCAAACCT
CCTTTCCAGTTTATGACACAC

676 Forward
Reverse

2342-2363
2973-2994

AACACTTCTATGTCATTTTCA
AATAGCCCATGTCGGCGTGTA

652 Forward
Reverse

2810-1831
3366-3387

TTTATAAATAGATGGGCCAAAC
CGTACCAGCAGCCGTCTTCTC

577 Forward
Reverse

3164-3185
3812-3833

ATTTCGCAACACAACCACAGG
AGCAATTCCATTCGCCATTTG

669 Forward
Reverse

3653-3674
4280-4301

TCCAACGCCTCTGACAGAATG
TCCTGTTTGCTCAGCCTCTTC

648 Forward
Reverse

3857-3878
4437-4458

GGGCTCATGGCTCTTAAATTG
AAAGTGTTGCAGGTATGGAGT

601 Forward
Reverse

4308-4329
4996-5017

AGGAAGAGGCTGAGCAAACAG
GGTCCATCTGGCTCTGCGTTT

709 Forward
Reverse

4808-4829
5267-5288

GCCGTAGAGCCTGGGAAGAAC
CGTTGCGTGACACATTAGATC

480 Forward
Reverse

5104-5125
5775-5796

GTCAGGAAAGACGCGGAAATA
AAATGACTGGCTTGAGACATC

692 Forward
Reverse

5616-5637
6268-6289

CTGGGAATGTCATAGCAAACT
GCATCAAGCCACCTAGGCCTC

673 Forward
Reverse
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Nucleotide position Sequence 5’-3’ Size (bp) Information

6057-6078
6634-6655

AGAAGTCAGCCGCCATAGACG
AGTGGGACATCAGCCATCCAT

598 Forward
Reverse

6467-6489
6902-6923

ACGTCAGAACACGGTGGGAGG
GTACAATGTCCAGGCTGATGC

456 Forward
Reverse

6797-6818
7480-7501

ACATTGGCTGCAATACTAGCA
CCAGCTCCTGCTAAATAGCTC

704 Forward
Reverse

7383-7404
7989-8010

GGGCATTTTGTGAAGCTCTAA
CTGTTGGGCTTGGTGAAGATT

627 Forward
Reverse

7625-7646
8354-8373

TCCCGGAAAGAGTTTGACCTC
CAATGACGTCCATGTTGGGTG

748 Forward
Reverse

8013-8034
8430-8451

TCTTCACCAAGCCCAACAGTG
CCCACGTTTTATAAGGATTTT

438 Forward
Reverse

8355-8376
8893-8914

TCAATGCGGAACCAGAAACAC
CTCTTGCCCATCATGTTATAA

559 Forward
Reverse

8700-8721
9287-9308

GGCTTTGGAGAACCCTGGGAA
TACCGTGCCCTTTGGAGTTGG

608 Forward
Reverse

9168-9189
9575-9596

CCGGTTGGGACACAAGAATAA
CATATCGTTCAGGGCAAGCAG

428 Forward
Reverse

9430-9451
10079-10100

GGAAGGAGAAGGTGTGTTGTC
GACCTATGAGTGATCCGCACC

670 Forward
Reverse

9921-9942
10420-10441

ATTGGGTCCCCACAAGCAGGA
TGTGCGTACAGCTTCCCAGGT

520 Forward
Reverse

10368-10389
10633-10654

CAAAAGCCACGGTTTGAGCAA
CCATTCCATTTTCTGGCGTTC

286 Forward
Reverse

control.[20] At the same time U937 cells were 
infected with dengue viruses without the 
addition of enhancing antibodies. 

Results

Entire nucleotide and amino acid 
sequences of DENV-3 isolates

In order to assess the difference among 
isolated DENV-3 viruses, we sequenced the 

entire genome of the viruses. The complete 
sequences in the present study have been 
submitted and can be accessed in GeneBank 
(Table 1). The strain code and disease severity 
are also shown with the patients’ demography 
and serological responses in Table 1. The 
amino acid differences were present on 
both structural and non-structural proteins. 
Forty amino acid differences were observed 
among four DENV-3 strains in the present 
study. In order to determine whether amino 
acid differences have any relationship to the 
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disease severity, we compared three isolates 
from DSS (98901403 and 98901437) and 
DHF (98901517) patients defined as DSS/
DHF strains with that from a DF (98902890) 
patient defined as DF strain. Twenty-four of a 
total of 40 amino acid differences were present 
between three DSS/DHF strains and one DF 
strain. In the M, E and NS-2b proteins, all the 
amino acid differences were the same among 
the three DSS/DHF strains.

Among the DSS/DHF strains, strain 
98901403 demonstrated a high level of 
homology with strain 98901437 (99.35%) and 
strain 98901517 (99.33%). The homologies 
among these three DSS/DHF strains were 
over 99%. On the contrary, the homology 
between these three isolates and the DF strain 
98902890 was approximately 97%. 

Amino acid differences on structural 
and non-structural proteins

The amino acid differences were detected 
at eight positions in the structural proteins. 
Seven of eight amino acid substitutions among 
four DENV-3 isolates were found in the three 
strains analysed from DSS/DHF patients.  

In the seven non-structural proteins, 32 
amino acid substitutions were found. Among 
these four strains, eight and nine amino acids 
substitutions were found in the NS-1 and NS-5 
regions respectively. The DSS/DHF strains had 
18 amino acid substitutions that were differed 
from the DF strain: NS1 (2, 109, 128, 145, 
157), NS2B (58), NS3 (20, 60, 350), NS4A 
(78, 100), NS4B (25, 175) and NS5 (364, 671, 
689, 670, and 873).  

Nucleotide substitutions on 
untranslated regions

Nucleotide substitutions at 3’UTR are listed 
in Table 3. No nucleotide substitutions were 
found in 5’UTR among these four DENV-3 
isolates. Five nucleotide substitutions were 
identified at 3’UTR. 

The predicted secondary RNA structure 
formed by complete 3’UTR is shown in 
Figure 1. The nucleotide differences at 
positions 10472 (A to G), 10512 (T to C) and 
10596 (T to C) between strain 98901403 and 
strain 98902890 have no apparent effect on 
the predicted secondary structures (Figures 1A 
and 1C). However, the nucleotide differences 

Table 3: Summary of amino acid replacement on full-length sequences of  
DENV-3 isolates from patients with different disease severities  

[The amino acid position number corresponds to the position in the respective proteins]

DENV-3 
strains

Nucleotide position at

10271 10305 10472 10512 10596

98901403 C C A T T

98901437 T T A C T

98901517 T T A C T

98902890 C C G C C
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at positions 10271 (C to T) and 10305 (C 
to T) between strain 98901403 and strain 
98901437 or strain 98901517 induced a 
minor change in the secondary structures 
(Figures 1A and 1B). 

Figure 1: Predicted RNA secondary 
structures formed by the complete 3’UTR 
[The prediction of secondary structures 
was analysed by RNA-Fold programme 

(A) 98901403 DSS isolate; (B) 98901437 
DSS and 98901517 DHF isolates; 

(C) 98902890 DF isolate]

Phylogenetic analysis

To determine the relationship among these 
dengue viruses, the nucleotide sequences 
of the E genes were compared along with 
other published E gene sequences available 
in the GeneBank. A phylogenetic tree was 
constructed on the basis of partial sequences 
933 to 2413 of the E gene. Four DENV-3 
isolates were clustered with viruses from 
Malaysia 1974, in genotype I (Figure 2). 
Genotype II comprises viruses isolated in 
Thailand and Malaysia 1993. DENV-3 from 
Sri Lanka, India, and Samoa were included in 
genotype III. Genotype IV comprises DENV-3 

strains isolated in Puerto Rico. Those isolated 
from China in the 1980s and the Philippines 
in 1956 were clustered in the genotype V. 
Although all the four isolates were included in 
the genotype I, three of DSS/DHF strains and 
the DF strain were separated into different 
clusters. 

Growth kinetics of the four DENV-3 
isolates in cell lines

We compared the biological activities of these 
viruses. The growth kinetics of the DENV-3 
isolates were examined with Vero, C6/36 and 
U937 cells as described in the “Materials and 
methods” section.

The DSS/DHF strains and DF strain 
showed a similar growth pattern in Vero cells 
and the viruses were detected as early as 
two days after  infection. The growth kinetic 
in C6/36 mosquito cell line also showed a 
similarity among DHF and DF strains (data 
not shown). However, the growth kinetics 
in U937 cells in the presence of enhancing 
antibody was different between DSS/DHF 
strains and DF strain (Figure 3). In addition, we 
also examined the growth kinetic in U937 cell 
without the presence of enhancing antibody 
(ADE). The growth levels of viruses in the 
absence of ADE were lower than the presence 
of ADE in U937 cells, but different between 
DSS/DHF strains and DF strain (Figure 4). The 
DSS/DHF strains were detected as early as 
Day 1 after infection, and comparable levels 
of peak titres were detected on Days 2 and 3. 
The DF strain demonstrated one or one-and-
a-half-log lower peak titres on Days 2 and 3. 
This result suggests that the DSS/DHF strains 
grow to higher levels than the DF strain in a 
monocyte cell line U937.
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Figure 2: Maximum likelihood trees showing the phylogenetic relationships among a global 
sample of 27 strains of DENV-3 

[The analysis was based on nucleotide sequences of the E gene. The genotype clusters are 
labelled according to the scheme of Wittke et al., 2002. Roman numerals denote the different 
genotypes of DENV-3. An asterisk (*) indicates the strains that were sequenced in this study. 
The name of isolates refers to country of origin, year of isolation and also disease severity if 

available in GeneBank]
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Figure 3: Growth kinetic of DENV-3 isolates 
in U937 cell line  

[U937 cell line was infected at an m.o.i of 
0.2 pfu/cell. Supernatants were collected 

every day for five days. Virus titre was 
determined by plaque assay in Vero cells]

Discussion

Nucleotide and amino acid changes may 
contribute to the difference in growth, 
transmission and virulence of dengue viruses. 
In order to determine whether the amino acid 
and nucleotide differences contribute to the 
severity of illness, we analysed two DSS strains, 
one DHF strain and one DF strain replication 
in three cell lines. In the present study the 
DSS/DHF strains demonstrated higher levels of 
growth than the DF strain in U937 cells. This 
may suggest that DF strain has lower mean 
viraemia level in vivo. It has been reported 
that the level of DENV-3 viraemia was greater 
in DHF cases than DF cases[21]. Other studies 
also demonstrated that the level of viraemia[22] 
and viral RNA copies[7] are higher in DHF cases 

Figure 4: Growth kinetic of DENV-3 isolates in U937 cell line with and without  
presence of enhancing antibody (ADE)  

(A) 98901403 DSS isolate; (B) 98901437 DSS isolate; (C) 98901517 DHF isolate;  
(D) 98902890 DF isolate.   : with ADE;   : without ADE]



Dengue Bulletin – Volume 33, 2009 55

Genotypic and phenotypic characteristics of DENV-3 in Indonesia

than in DF cases. These results suggest that 
dengue virus with a high growing capability 
might cause more severe manifestations. 
Cologne and Rico-Hesse explained the higher 
mean viraemia observed in patients with DHF: 
(i) more cells are infected in DHF patients, 
thus generating more virus; (ii) more virus is 
produced per infected cell; or (iii) the virus is 
cleared at a slower rate compared to patients 
with DF, resulting in an increase in blood-
borne virus.[23] Our results that DSS/DHF 
strains are propagated to a higher level than DF 
strain in U937 may partly explain why this DF 
strain induced mild disease. Epidemiological 
and clinical studies have demonstrated that 
strain differences between DENV-3 viruses 
contributed to transmission and disease 
severities in Indonesia.[14,24] 

Antibody-dependent enhancement of 
infection (ADE) concept, which is believed to 
play a role in the pathogenesis of DHF/DSS, 
arose from the observation that secondary 
infection with heterotypic dengue virus is 
associated with an increased risk of DHF.[6,26] 
The present study showed that enhancing 
antibody augments the propagation of 
DENV-3 isolates. 

Mos t  ep i topes  invo l ved  in  the 
neutralization of dengue viruses are located 
on the E protein.[27] Multiple antigenic sites 
have been discovered in the E protein as non-
neutralizing linear epitope E37-46, B and T cell 
epitope E35-55 and E79-99 in domain I, and 
E333-368 in Domain I as well as E375-399 
dengue-complex epitope.[28,29] The E protein 
also contains determinants responsible for 
virus attachment to host cells and for fusion 
of virions with host cell membranes.[30] The E 
gene of DENV-3 is relatively conserved at the 
amino acid levels.[31] We demonstrated amino 
acid differences at three positions in the E 
protein (E-124, E-301, E-377) between DSS/
DHF strains and DF strain. Bray and Gualano 

reported that amino acid at E-124 and E-132 
affected the neurovirulence in mice.[32,33] 
These regions also contain significant linear 
and, possibly, conformational epitope and 
fusion domain.[34,35]

The amino acid difference at E-377 has 
not been reported in any DENV-3 strains.
[31,36,37] This difference is within the position 
E375-399 which contains dengue-complex 
epitope. Amino acid substitution at E-390 
has been suggested to affect the virulence of 
DENV-2 virus in mice[38] and humans,[39] and 
reduction in virus output from monocyte-
derived macrophage.[40] We hypothesize that 
the amino acid replacements in E protein, 
especially at the conserved region of E-377 
(valine to isoleucine), may have some effect 
on the phenotype of DENV-3 and this will be 
examined in a future study.

The activation of dengue virus replication 
complex is composed of NS1, NS2A, NS3, 
NS4A, NS4B and the viral RNA template.[41] 
We found nine amino acid replacements in 
NS1 among four DENV-3 isolates. The NS1 
glycoprotein is involved in the early step of viral 
replication.[42] The amino acid at the position 
109 (DSS/DHF strains were methionine and 
DF strain was threonin) is located immediately 
upstream from the consensus linear epitope 
(NS1-111).[43]

The amino acid replacements were also 
observed in NS3 protein. Amino acid at the 
position 579 is located at the C-terminal region 
of NS3. NS3 protein demonstrates several 
activities associated with virus replication 
and some functions are located within a large 
C-terminal domain.[44] Duarte dos Santos et al. 
showed that amino acid replacement in the 
helicases domain of NS3 and E protein altered 
the efficiency of viral RNA production by the 
replication complexes, and thereby affect viral 
growth.[45] NS5 was the common nonstructural 
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protein which contained high numbers of 
amino acid replacements between DHF and 
DF strains in our study.

The nucleotide substitutions at positions 
10472 and 10596 at 3’UTR did not introduce 
a change in the predicted RNA secondary 
structure for the 98901403 and 98902890 
strains, but those at position 10271 and 10305 
introduced minor change in the predicted 
RNA secondary structure. The 3’UTR mutation 
with those in E gene and 5’UTR synergistically 
decreased dengue virus replication in human 
cells[23]. However, correlation among mutation 
at 3’region, RNA secondary structure and 
phenotype characteristic in dengue viruses is 
not defined yet.  

Genetic evolution among the preM/M 
and E protein of dengue viruses has occurred 
independently within geographical regions 
where the viruses are endemic.[37] The 
alignment of nucleotide sequences followed 
by parsimony analysis allowed the generation 
of phylogenetic trees, demonstrating that 
geographically-independent evolution 
of DENV-3 had occurred.[37] Nucleotide 
sequence data and phylogenetic methods 
were widely used to understand a genetic 
relationship among dengue viruses as well 
as the epidemiology of viral disease. The 
phylogenetic analysis demonstrated that 
DENV-3 isolates in Indonesia clustered 
with DENV-3 strains from Malaysia 1974, 
Philippines, Fiji, Tahiti and the South Pacific 
in genotype I. A close genetic relationship 
was demonstrated between recent isolates 
with other previous isolates from Indonesia. 
The DF strain (98902890) showed a close 
relationship with those isolated in Indonesia 
over 20 years ago. Although this is not an 
intensive horizontal epidemiological study, the 
identified nucleotide substitutions between 
the reference strain (DENV-3 1973) and those 
isolated in 1998 suggest that some evolution 
of DENV-3 occurred in Indonesia. 

Full-length sequencing studies of dengue 
viruses and comparison with different 
genotypes and distinct clinical phenotypes 
demonstrated some relationship between 
disease severity and particular sequence in 
structural and non-structural proteins, 5’ and 
3’UTR.[11,39] Previous studies in vitro suggested 
that different viral genotypes exhibit different 
phenotypic characteristics. DENV-2 isolated 
from patients with different disease severities 
demonstrated different levels of growth in LLK-
MK2 cell,[11] peripheral blood leukocytes and 
C6/36 cells[46]. In the present study, DENV-3 
isolates from different disease severities also 
demonstrated unique amino acid substitutions 
and different levels of growth in U937 cell 
line. 

The mechanisms involved in the 
pathogenesis of DHF are complex and are 
likely to include multiple viral and host 
determinants. The result in the present study 
may provide a clue to the contribution of 
viral determinants to the pathogenesis of 
DHF. We did not focus on identifying amino 
acid substitution that is responsible for the 
phenotypic change; we plan to address this 
question by using infectious clone technology 
in future studies.
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