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Abstract Dengue has affected Indonesia for the last five
decades and become a major health problem in many cities
in the country. Jakarta, the capital of Indonesia, reports
dengue cases annually, with several outbreaks documented.
To gain information on the dynamic and evolutionary
history of dengue virus (DENV) in Jakarta, we conducted
phylogenetic and evolutionary analyses of DENV isolated
in 2009. Three hundred thirty-three dengue-suspected
patients were recruited. Our data revealed that dengue
predominantly affected young adults, and the majority of
cases were due to secondary infection. A total of 171 virus
isolates were successfully serotyped. All four DENV ser-
otypes were circulating in the city, and DENV-1 was the
predominant serotype. The DENV genotyping of 17 iso-
lates revealed the presence of Genotypes I and IV in
DENV-1, while DENV-2 isolates were grouped into the
Cosmopolitan genotype. The grouping of isolates into
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Genotype I and II was seen for DENV-3 and DENV-4,
respectively. Evolutionary analysis revealed the relatedness
of Jakarta isolates with other isolates from other cities in
Indonesia and isolates from imported cases in other coun-
tries. We revealed the endemicity of DENV and the role of
Jakarta as the potential source of imported dengue cases in
other countries. Our study provides genetic information
regarding DENV from Jakarta, which will be useful for
upstream applications, such as the study of DENV epi-
demiology and evolution and transmission dynamics.

Keywords Dengue - Indonesia - Jakarta - Genotype -
Phylogeny

Introduction

Dengue disease is a systemic viral infection caused by
dengue virus (DENV), a member of the Flaviviridae
family. It is estimated that 390 million cases of dengue
infection occur annually, of which 96 million manifest
apparently [1]. The clinical manifestations of dengue range
from the mild dengue fever (DF) to the more severe forms
of the disease, dengue hemorrhagic fever (DHF) and den-
gue shock syndrome (DSS) [2]. The DENV genome con-
sists of a ~10.7-kb single-stranded positive-sense RNA
that encodes three structural (C, prM/M, E) and seven
nonstructural (NS1, NS2A, NS2B, NS3, NS4A, NS4B,
NS5) proteins [3]. DENV has diverse genetic characteris-
tics, as reflected by the presence of four serotypes [4]. Each
serotype of DENV further harbors extensive genetic
diversity in the form of phylogenetically distinct clusters
termed genotypes. These genotypes differ in their geo-
graphical distributions, fitness, and virulence [5, 6].
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Genetic analysis of DENV is important to supplement
epidemiological data with information that can be used to
reconstruct the history of epidemics in time and space [7].
Phylogenetic analysis of viral genomic sequences can be
used to understand DENV evolution and its effects on virus
transmission and disease. DENV genotype identification
can be performed using coding genes, with the Envelope
(E) gene as the frequently selected target [8].

Dengue is hyperendemic in Indonesia, with all four
serotypes of DENV circulating in the region [9]. Frequent
epidemic cycles have occurred, and currently all provinces
in Indonesia have reported dengue cases [10]. Major den-
gue outbreaks have been reported in 1973, 1988, 1998,
2007, and 2010 [11], with some reports on the virological
aspects of the outbreaks, such as those in 1998 in Palem-
bang, South Sumatra [12] and in 2004 in Jakarta [13, 14].
Complex urban settings with a very dense population have
aided the dengue transmission and outbreak potential in
this city [14]. However, limited data on the virological and
epidemiological aspects of dengue in this city may hinder
case management and outbreak preparedness.

The documentation of DENV serotype spread has
important implications for the understanding of some key
aspects of dengue infection, such as patterns in dengue
hyperendemicity, disease severity, vaccine design, and
deployment strategies. Jakarta is one of the sites for dengue
vaccine clinical trials [15]. Information on the circulation
of DENV serotypes and genotypes in Jakarta will be useful
since vaccine efficacy could depend on the similarity of the
DENV genotypes used in vaccine production and those
circulating in the area of vaccine introduction [16]. Dengue
disease investigation in an outbreak area will be particu-
larly useful for understanding the etiology of the disease,
the DENV serotype most responsible for the outbreak, the
introduction of novel serotypes/genotypes in locations
where DENV is or is not already present, and DENV
population structure, and evolution [9]. To gain informa-
tion on the dynamic and evolutionary history of dengue in
Jakarta, we conducted phylogenetic and evolutionary
analyses on DENV isolated in 2009.

Materials and methods

Study site, patient recruitment, and sample
collection

This cross-sectional study was conducted in Jakarta, the
capital city of Indonesia and the largest city in the country.
Involvement of human subjects in this study was approved
by the National Institute for Health Research and Devel-
opment (NIHRD) Research Ethics Commission number
LB.03.02/KE/4537/2009, June 24th 2009. Dengue-suspect

patients were recruited from three hospitals, RS Koja, RS
Budi Asih, and RS Tarakan, during the dengue peak season
of September 2009 through February 2010. Written
informed consents were obtained from the patients or their
legal guardian. The inclusion criteria were patients with a
fever >38 °C accompanied by at least one of the clinical
signs of dengue, such as malaise, arthralgia, rash, retro-
orbital pain, or signs of DHF or DSS. Venous blood sam-
ples were obtained from a total of 333 patients. The
demographic and clinical data of the patients were
recorded.

Dengue diagnosis, detection, and serotyping

Dengue was diagnosed by detection of the NS1 antigen
using the Panbio Dengue Early ELISA kit (Alere, Brisbane,
Australia). Serological testing and the determination of
primary versus secondary infection were performed using
the Panbio Dengue Duo IgM and IgG ELISA (Alere)
according to the manufacturer’s protocol.

Virus RNA was extracted from 140 pL of serum sam-
ples or culture supernatant using the QIAamp Viral RNA
Mini kit (Qiagen, Germany) according to the manufac-
turer’s protocol. The detection of DENV RNA in samples
and the subsequent serotype determination were performed
initially using the two-step RT-PCR method using the
protocol described by Lanciotti, et al. [17] with modifica-
tions according to Harris, et al. [18]. The results from this
conventional method were reconfirmed using a Simplexa
Dengue real-time RT-PCR assay (Focus Diagnostics,
Cypress, CA) [19].

Virus isolation

Serum samples identified as dengue and confirmed by NS1
and/or RT-PCR were then subjected to a maximum of two
passages of virus isolation in cell culture. A total of 200 puL
of serum was inoculated into a monolayer C6/36 (Aedes
albopictus, mid gut) cell line in 2 mL of 1 x RPMI med-
ium supplemented with 2% Fetal Bovine Serum (FBS)
(Gibco-Thermo Scientific, USA). Following a virus
adsorption period at 28 °C for 1 h, the inoculation medium
was discarded and replenished with 3 mL of fresh medium.
Infected cells were incubated at 28 °C until the cytopathic
effect (CPE) was identified or up to 9 days for initial
harvest, continuing with an additional 5 days where CPE
was not detected. Supernatant was clarified by centrifuga-
tion at 4000 rpm (1520 x g).

DENYV genotyping

Genotyping was performed based on the Envelope
(E) gene. DENV RNA was reverse-transcribed into cDNA
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using Superscript III Reverse Transcriptase (Invitrogen-
Thermo Scientific) and then PCR-amplified using Pfu
Turbo Polymerase (Stratagene-Agilent Technologies,
USA). PCR products were purified from 0.8% agarose gel
using the QIAquick gel extraction kit (Qiagen), and cycle
sequencing reactions were performed with 6 overlapping
primers for each serotype from both strands (Supplemen-
tary Table) and BigDye Dideoxy Terminator sequencing
kits v.3.1 (Applied Biosystems-Thermo Scientific). Purified
DNA underwent capillary sequencing performed on a
3130x] Genetic Analyzer (Applied Biosystems). Sequence
reads were assembled using SeqScape v.2.5 software
(Applied Biosystems) with manual inspection performed
when ambiguities were present. Contigs were generated
and used in subsequent analyses.

DENY phylogenetic and evolutionary analyses

To analyze the phylogenetic and evolutionary information
and the relatedness of Jakarta isolates with other isolates
worldwide, E gene sequences of Jakarta 2009 DENV iso-
lates were aligned together with all publicly available
DENV sequences in GenBank as of 1 April 2016.
Retrieved sequences from each serotype were screened to
remove all nonrelated sequences or coding sequences of
single genes other than E gene. The initial screening yiel-
ded taxa numbers of 4143, 1318, 2004, and 1378, for
DENV-1, -2, -3, and -4, respectively.

Multiple sequence alignment was performed using
MAFEFT software [20]. The resulting alignment of 1485 nt
(1479 nt for DENV-3) was then used to generate an initial
UPGMA tree based on genetic distance. To clarify the tree,
we then selected strains with a known isolation year that
were most closely related to our Jakarta isolates to generate
a set of 60 taxons per serotype. The trimming and pruning
were done using Jalview desktop 2.9 software [21]. The
possibility of recombination events in each dataset was
analyzed using RDP3 software [22].

Robust phylogenetic and evolutionary analyses were
then performed on the sequences. The dataset for each
serotype was prepared using the BEAUti v.1.8.2 graphical
interface, with the tip of each isolate calibrated using the
year of isolation. Phylogenetic reconstruction and evolu-
tionary rate analysis were obtained using the Bayesian
Markov Chain Monte Carlo (MCMC) method, as imple-
mented in BEAST v.1.8.2. The phylogenetic tree was
inferred based on the selection of the statistical model for
likelihood calculation optimized for the Maximum Likeli-
hood (ML) tree using jModelTest v.2.1.4 [23]. Phyloge-
netic reconstruction was performed using the General Time
Reversible (GTR) model with four Gamma parameters
(G4) and invariant (I) sites, a relaxed uncorrelated lognor-
mal molecular clock and Bayesian skyline prior, with 100
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million generations and sampling for every 1000th itera-
tion, and employing a 10% burn-in. The initial estimated
evolutionary rate was set at 7.6 x 10~* substitutions per
site per year, as previously described [7]. The MCMC trace
was analyzed using Tracer v.1.5.0 to monitor adequate
Effective Sampling Size (ESS) for all parameters. A
maximum clade credibility (MCC) tree was created using
TreeAnnotator v.1.8.2 and visualized using FigTree
v.1.4.0. The evolutionary parameters were estimated as the
median number with 95% highest posterior density (HPD).
The classification of genotypes in each serotype was based
on classifications by Goncalvez et al. [24]., Twiddy et al.
[25], Lanciotti et al. [26], and Lanciotti et al. [27] for
DENV-1, -2, -3 and -4, respectively. E gene sequences
similarity analysis was performed using SIAS program
(http://imed.med.ucm.es/Tools/sias.html).

Results

Dengue diagnosis, incidence, patient demographics,
and serotype distribution

Serum samples from 333 dengue-suspect patients were
collected from September 2009 through February 2010.
The age distribution of the patients was from 6 months to
72 years old. Young adults (age 11-20 years) were the
predominant age group (Fig. la). In terms of infection
status, the majority (81.3%) of patients had secondary
infections. A total of 171 samples (51.4%) were confirmed
to have dengue infection using RT-PCR and/or NS1 anti-
gen detection. DENV-1 was the most predominant serotype
circulating in the city, found in 37.4% of samples. This
percentage was followed by DENV-3 (24.0%), DENV-2
(21.1%), and DENV-4 (14.0%). Six samples (3.5%) were
identified as mixed infections of two different serotypes
(Fig. 1b). Among all samples that were successfully ser-
otyped, NS1 detection was positive in 68 (39.8%) samples;
with the lowest detection was observed in DENV-4 sam-
ples (29.2%). In terms of correlation between infection
status (primary vs secondary infection) and DENV ser-
otypes, we did not observe any statistically significant
correlation (p = 0.7951, data not shown).

DENYV genotype distribution and evolutionary
analyses

Looking deeper into the genotypes within the serotypes, we
performed genotyping based on the E gene. The genotyp-
ing approach used RNA extracted from culture supernatant
as the RNA template source. Out of 171 confirmed dengue
samples, 33 (19.3%) viruses were successfully isolated in
cell culture. The full-length E gene was generated for 17
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Fig. 1 The distribution of dengue cases in Jakarta in 2009 deter-
mined by the age of dengue-suspect patients (a), and the circulating
virus serotypes (b)

representative isolates, including all four serotypes. Isolate
sequences were deposited into GenBank with granted
accession numbers from KX646375 to KX646391.
Within the DENV-1 serotype, we observed the presence
of two different genotypes. Based on Goncalvez classifi-
cation [24], of seven DENV-1 isolates, six isolates (85.7%)
were grouped into Genotype I, and one isolate (14.3%) was
grouped into Genotype IV (Fig. 2). Within the Genotype I
isolates, the DENV-1 Jakarta isolates were closely related
to strains from imported cases in Taiwan in 2009 and 2010
[28] and an imported case in Western Australia in 2010
[29]. A relatedness of Jakarta isolates with strains from
Sukabumi [30] and Singapore in 2009 [31] was also
observed. One isolate of DENV-1 Genotype IV was
grouped together in a clade including strains from imported
cases in Taiwan and Japan, as well as from Malaysia and
the islands of the Pacific (Reunion and Seychelles Islands).
We also observed relatedness of the Jakarta isolate to local
strains from the city of Bogor, West Java, which is located
approximately 50 km south of Jakarta [32], and a strain
from a 2010 Dengue study in Jakarta [33]. The mean
evolutionary rate of DENV-1 as calculated by BEAST was

For DENV-4, we managed to genotype 3 isolates, which
were grouped into Genotype II according to Lanciotti clas-
sification [27]. Two isolates were clustered together with
isolates of imported cases in Taiwan [28, 37]. The other
isolate was grouped together with and closely related to
strains from Indonesia [27]. Utilizing BEAST calculations,
the DENV-4 mean evolutionary rate was 9.96 x 10~ subs/
site/year [95% HPD 6.89-13.18 x 107].

Discussion

Indonesia has become a dengue hyperendemic country
where there have been multiple epidemic cycles, and the
spread of all four serotypes of DENV has reached all of the
provinces of Indonesia [10]. Currently, only limited DENV
genetic information is available in Indonesia, although data
were available for some cities. Information on the genetic
characteristics of the responsible DENV serotypes may aid
in the better management of dengue. As the capital of
Indonesia, Jakarta has been the melting pot of the nation
and the center of globalization and urbanization from other
cities in Indonesia. These conditions provides a fertile
ground for dengue transmission [38]. The addition of
temporal data regarding dengue dynamics over time will
help to better understand the disease.

Within the study, we recruited 333 dengue-suspect
patients from hospitals in Jakarta. The three hospitals
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Fig. 2 Phylogenetic tree of DENV-1 isolates from Jakarta (red
labels) and their most closely related reference sequences from
GenBank repository. The DENV-1 Jakarta isolates were classified
into Genotype I and IV. Tree was generated by the Bayesian inference

involved are provincial public hospitals and the reference
sites of primary health care centers from the Jakarta area.
Approximately half (51.4%) of the samples were confirmed
dengue infections, which illustrates the high burden of
dengue in Jakarta. A high percentage of confirmed dengue
infections during the same time period of dengue
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method as implemented in BEAST using the GTR + G4 + 1
evolution model calculated using E gene sequences. The number in
the node indicates the posterior probability of that particular cluster,
with values higher than 0.5 shown (Color figure online)

surveillance in Jakarta was also reported [33]. We notified
the relatively low NS1 antigen detection sensitivity in RT-
PCR-positive samples, with the lowest sensitivity was
observed in DENV-4 samples. Our finding is in accordance
with ours and other previous study that suggested that
sensitivity of NS1 detection differed according to the
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into Genotype I. Tree was generated by the Bayesian inference with values higher than 0.5 shown (Color figure online)
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serotype, and lower NSI1 sensitivity was observed for
DENV-4 [39, 40].

Secondary dengue infections, as inferred by serology
status, accounted for most of the infections. This condition
may reflect the hyperendemicity of DENV serotypes in
Jakarta. In terms of the affected population, dengue
infection occurred predominantly in young adults (11-20
years) (Fig. 1a). This finding is similar to the patient profile
during the dengue outbreak in Jakarta in 2004 [13]. Our
finding also confirms shifts in dengue infections in
Indonesia from pediatric populations to young adults [11].

Examining the temporal data of DENV serotype distri-
bution, we observed a change in the predominant serotype
in Jakarta. DENV-1 was the predominant serotype circu-
lating in the city (Fig. 1b). This is different from the ser-
otype distribution in Jakarta in 2004, in which DENV-3
was the predominant serotype [13], and from a study from
2009 to 2010, which reported the predominance of DENV-
2 [33]. The predominance of DENV-1 was also observed in
other cities in Indonesia, such as in Makassar in 2007-2010
[41], Semarang in 2012 [42], and Jambi in 2015 [43]. The
phenomena of serotype shifting in one city has also been
reported in other cities in Indonesia [43, 44]. It has been
reported that a switch in the predominant serotype was
associated with outbreaks [45]. Regarding the difference in
serotype predominance from other dengue study in Jakarta
[33], it is possible that differences in study area, sample
size, patients’ age, and serotyping method accounted for
the data discordance. Compared to the other study [33], our
study covered larger study area, recruited more patients
including children, and used more sensitive real-time RT-
PCR [19] serotyping method in addition to conventional
RT-PCR. Altogether, our serotype shifting data suggested
that routine active surveillance of DENV serotypes in
Jakarta is needed to help build an outbreak warning system.

The determination of DENV genotypes in Jakarta was
accomplished using phylogenetic analysis of the E gene of
60 closely related sequences after thorough analysis of the
available sequences in the GenBank repository. The mean
evolutionary rate of the DENV serotypes was within the
previously reported range of 4.6-11.6 x 10~* subs/site/
year [46], with the exception of DENV-2, which exhibited
a slightly higher mean evolutionary rate. However, the
95% HPD of DENV-2 still overlapped the range. The
higher mean evolutionary rate in DENV-2 may reflect the
high mutational rate of closely related strains within this
serotype. This feature may aid the diversity of the DENV-2
Cosmopolitan genotype, which is often further grouped
into different clades [31]. We also performed the Envelope
gene nucleic acid similarity analyses comparing Jakarta
DENYV isolates with DENV strains used for dengue vaccine
production [15]. We observed the mean similarities of
95.79, 93.33, 93.40, and 95.96% for DENV-1, -2, -3, and -

4, respectively (data not shown). Whether this similarity
will affect the vaccine efficacy warrants further studies.

The inference analysis of DENV-1 revealed the pres-
ence of Genotype I and Genotype IV. The proportion of
isolates classified as Genotype I was higher than that as
Genotype IV. The calculation of evolutionary parameters
using Bayesian MCMC inference revealed that Genotype I
of DENV-1 emerged more recently than Genotype IV, with
a difference of almost a decade (Fig. 2). This result depicts
the shift of the predominant genotype of DENV-1 in
Jakarta, where Genotype I is actively replacing Genotype
IV. This genotype shift was also reported in previous
studies in other cities in Indonesia [41, 43, 44]. The pre-
dominance of Genotype I may be due to higher viral fit-
ness, as has been previously proposed [41]. The DENV
serotype/genotype shifts are of considerable potential as
indicators of dengue surveillance [47]. The close relation of
DENV-1 isolates with local strains and strains involved in
epidemics in other countries may reflect the endemicity and
diversity of DENV-1 from Jakarta and its potential spread
to other regions.

The DENV-2 genotype circulating in Jakarta was the
Cosmopolitan genotype, which is the common genotype in
India, Southeast Asia, Africa, the Middle East, and Aus-
tralia [25]. The evolutionary and relatedness analyses
revealed the close relationship between Jakarta 2009 iso-
lates and isolates from the 2004 outbreak in the same city
[14] (Fig. 3). The DENV-2 isolate from concurrent infec-
tions in patients with severe dengue from Jakarta in 2013
[34] was also from the same Cosmopolitan genotype and is
closely related to isolates from this study. Previous reports
from other cities in Indonesia also described the grouping of
DENV-2 into the Cosmopolitan genotype [30, 41-43, 48].
These findings indicate the endemicity of DENV-2 in
Jakarta and Indonesia. We observed one isolate which was
closely related to strains from Guangdong, China in 2014
(Fig. 3). It has been reported that the majority of DENV
identified in China originated from Southeast Asia, mainly
from Thailand, Indonesia, and the Philippines [49].

Regarding DENV-3 in Jakarta, we found that the iso-
lates were grouped into Genotype I, which is also a com-
mon genotype found in Southeast Asia. The Jakarta
DENV-3 isolates showed diverse genetic characteristics,
with the grouping of individual isolates into different
clades (Fig. 4). The isolates showed relatedness to isolates
from Surabaya [35] and isolates from the previous 2004
and 2010 dengue epidemics in Jakarta [14, 33]. The rela-
tionship of the Jakarta isolate with strains from Singapore
and imported cases in Australia and Taiwan may reflect the
spread of Jakarta DENV-3. Together, these data may depict
the endemicity and diversity of DENV-3 in Jakarta.

The DENV-4 Jakarta isolates were grouped into Geno-
type II (Fig.5). The phylogenetic analysis revealed
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Fig. 5 Phylogenetic tree of DENV-4 isolates from Jakarta (red
labels) and their most closely related reference sequences from
GenBank repository. The DENV-4 Jakarta isolates were classified
into Genotype II. Tree was generated by the Bayesian inference
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grouping into two clades and the close-relatedness of the
isolates with strains of imported cases in Taiwan. Another
study in the same time period in Jakarta [33] also observed
a similar picture in which Jakarta DENV-4 isolates were
grouped into the same clade. The endemicity of DENV-4
was observed with close-relatedness to strains from
Indonesia, which have been circulating for more than
30 years (Fig. 5). Further surveillance is of merit to mon-
itor the endemicity of DENV-4 in Jakarta.

We highlighted the close relationship of Jakarta isolates
with strains involved in imported cases in other countries,
such as Taiwan and Australia. We and others previously
reported the relationship between Indonesia DENV isolates
with other strains from imported cases [35, 42]. The spread
of DENV between Jakarta and those countries may reflect
the role of Jakarta as a major hub for trade, tourism and
travel in the Southeast Asia region. Hence, it is important
to monitor the endemicity of DENYV in Indonesia, as it may
impact epidemics in other countries [36]. Geographical
expansion of dengue epidemics has become a growing
threat to the health and the economy of populations living
in endemic areas, where the introduction of new viral
strains to regions affected by existing serotypes is a risk
factor for outbreaks and severe disease [50].

We are aware of the limitations of this study, wherein
only a small number of samples were assessed and samples
were collected several years ago. However, our data will be
beneficial for filling the gap of dengue data in Indonesia,
especially in Jakarta, because the last outbreak description
study with virological data was in 2004 [14]. Active DENV
surveillance and monitoring in Jakarta and other cities in
Indonesia should be continuous.

In summary, we have described the molecular epi-
demiology of dengue infection in Jakarta in 2009. We
report here the change in DENV serotype predominance
from DENV-3 to DENV-1 and a genotype shift in DENV-
1, where Genotype I is actively replacing Genotype IV. We
also report the endemicity and spread of Jakarta isolates.
Our findings may add to the limited temporal data on
dengue dynamics in Indonesia, as well as offer genetic
information that complements current knowledge on den-
gue epidemiology, evolution, and transmission dynamics.
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