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Abstract

Introduction: Dengue is endemic and affects people in all Indonesian provinces. Increasing dengue cases have been observed every year in
Sukabumi in West Java province. Despite the endemicity, limited data is available on the genetic of dengue viruses (DENV) circulating in the
country. To understand the dynamics of dengue disease, we performed molecular and serological surveillance of dengue in Sukabumi.
Methodology: A total of 113 patients were recruited for this study. Serological data were obtained using anti-dengue IgM and IgG tests plus
dengue NS1 antigen detection. Dengue detection and serotyping were performed using real-time RT-PCR. Viruses were isolated and the
envelope genes were sequenced. Phylogenetic and evolutionary analyses were performed to determine the genotype of the viruses and their
evolutionary rates.

Results: Real-time RT-PCR detected DENV in 25 (22%) of 113 samples. Serotyping revealed the predominance of DENV-2 (16 isolates,
64%), followed by DENV-1 (5 isolates, 20%), and DENV-4 (4 isolates, 16%). No DENV-3 was detected in the samples. Co-circulation of
genotype [ and IV of DENV-1 was observed. The DENV-2 isolates all belonged to the Cosmopolitan genotype, while DENV-4 isolates were
grouped into genotype II. Overall, their evolutionary rates were similar to DENV from other countries.

Conclusions: We revealed the distribution of DENV serotypes and genotypes in Sukabumi. Compared to data obtained from other cities in
Indonesia, we observed the differing predominance of DENV serotypes but similar genotype distribution, where the infecting viruses were
closely related with Indonesian endemic viruses isolated previously.
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Introduction

Dengue is the most important arthropod-borne
viral infection of humans and has a large global
burden. There are an estimated 50 million infections
per year occurring across approximately 100 countries
in tropical and sub-tropical regions in the world, and
there is potential for further spread. The disease affects
approximately 2.5 billion people living in Southeast
Asia, the Pacific, and the Americas [1,2]. Dengue
disease causes variable clinical manifestations, ranging
from an undifferentiated fever (dengue fever, DF) to
more severe forms of the disease, such as dengue
hemorrhagic fever (DHF) and dengue shock syndrome
(DSS) [3].

Dengue disease is caused by dengue virus
(DENYV), a member of Flaviviridae family, with a
substantial genetic diversity shown by the presence of
four serotypes (DENV-1, -2, -3, and -4) and multiple

genotypes (or subtypes) within each serotype [4,5].
DENV is transmitted to humans through the bites of
Aedes aegypti and Ae. albopictus mosquito vectors.
The genome consists of single-stranded positive-sense
RNA, which encodes three structural (C, prM/M, E)
and seven non-structural proteins (NS1, NS2A, NS2B,
NS3, NS4A, NS4B, NS5) [1].

Indonesia is a vast archipelago country that is
regularly affected by the disease. Dengue occurs in all
33 provinces in the country annually and periodic
major outbreaks occur regularly. Sukabumi is a city
located in the south central part of West Java province,
Indonesia. The city is situated at the foot of Mounts
Gede and Pangrango at an altitude of about 600 meters
above sea level, with a maximum daytime temperature
of 29°C. It is located 120 km south of Indonesia’s
capital city, Jakarta, and 96 km west of West Java’s
capital, Bandung. The population of the city was about
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260,000 in 2011, residing in an area of 48.2 km?.
Dengue is reported in Sukabumi every year, and data
from the Sukabumi Health Authority recorded an
increase in the number of cases; 532 cases occurred in
2011, and 962 cases occurred in 2012 [6]. To
understand the dynamic of dengue disease in
Sukabumi, we performed a surveillance study. We
report here information about the prevalence of the
disease, demography, serological features, as well as
the DENV serotype and genotype distribution in the
city.

Methodology
Sample collection and serological tests

Clinical samples used in this study were collected
from R. Syamsudin SH and Assyfa Hospitals in
Sukabumi, West Java province, Indonesia, between
March and December 2012. Ethical clearance was
obtained from the National Institute of Health
Research Development, Ministry of Health of the
Republic of Indonesia. Dengue-suspected febrile
patients with positive results for IgG/I[gM and/or NS1
were included in the study after written informed
consent was obtained. Febrile patients who were
negative for the above tests or did not provide
informed consent were excluded. Serology and DENV
NS1 antigen detection were performed using 1gG/IgM
and NS1 rapid tests (CTK Biotech, San Diego, CA).
All samples were collected during the acute phase,
typically within the first six days of illness. Since this
study focused on virus surveillance, the clinical
manifestations of dengue in the patients were not
specifically recorded.

RNA extraction and real-time reverse transcription-
polymerase chain reaction (RT-PCR)

Virus RNA was extracted from serum samples
using MagNA Pure LC Total Nucleic Acid Isolation
Kit performed in automated MagNA Pure LC 2.0
Instrument (Roche, Mannheim, Germany) according
to the manufacturer’s instructions. Briefly, 200 pL of
serum samples were added into designated wells of the
sample cartridge. Additional Simplexa Dengue
Molecular Control (MC) (Focus Diagnostics, Cypress,
USA) and No-Template Control (NTC) were included
in the extraction as controls. In order to ensure
optimum RNA extraction process, 5 pL of Simplexa
RNA Internal Control (IC) was added into samples.
The total NA variable elution volume purification
protocol was used to isolate viral nucleic acid. During
the set-up stage, the software listed the entire reagents
and their necessary amounts for the extraction process.
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Reagents were prepared, filled into reagent tubs, and
placed in the reagent reservoir rack. Following the
sample and reagent preparation steps above, the
sample cartridge and reagent reservoir rack were then
transferred to the MagNA Pure LC 2.0 Instrument.
The automated extraction process was started and the
resulting nucleic acid was directly used as a template
in real-time RT-PCR process or stored in a -80°C
freezer until use.

Simplexa Dengue (Focus Diagnostics, Cypress,
USA) was used to simultaneously detect and serotype
DENV from extracted RNA samples. The assay is a
real-time RT-PCR that discriminates DENV-1 and -4
in one reaction, and DENV-2 and -3 in another
reaction. Bi-functional Scorpions-based fluorescent
probe-primers together with reverse primers were used
in this method to amplify NS5, NS3, NS5, and capsid
genes of DENV-1, DENV-2, DENV-3, and DENV-4,
respectively. An RNA internal control (RNA IC) was
used to monitor the RNA extraction process and to
detect RT-PCR inhibition. RT-PCR reactions were
performed using the method described by the
manufacturer. Samples were run using pre-
programmed conditions set by the manufacturer. Data
collection and analysis were performed using
Integrated Cycler Studio Software version 4.2.

Virus isolation using cell culture

Serum samples with serological or RT-PCR-
positive results were subjected to a maximum of two
passages of inoculation in the C6/36 (Adedes
albopictus, mid gut) cell line [7]. Briefly, a monolayer
of cells was inoculated with 200 pL of sera in 2 mL of
1X RPMI medium supplemented with 2% of fetal
bovine serum (FBS), 2 mM of L-glutamine, 100 U/mL
of penicillin, and 100 pg/mL of streptomycin (all from
Gibco-Life Technologies, Carlsbad, USA). Flasks
were incubated for one hour at 28°C to allow virus
attachment. Following the incubation period, the
inoculation medium was discarded and the medium
was replenished with 3 mL of fresh medium. Infected
cells were incubated at 28°C for up to 14 days, during
which viruses were harvested on day 9; the media
were then replenished and followed by further five-
day cultures for the final virus harvest.

DENYV envelope gene sequencing

DENV genotyping was performed using the
envelope (E) gene sequence (1,485 nt in length).
DENV RNA extracted from the virus -culture
supernatant was reverse-transcribed into cDNA using
Superscript Il Reverse  Transcriptase  (RT)
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(Invitrogen-Life Technologies, Carlsbad, USA) and
DENV-specific primers as described elsewhere [8].
The resulting cDNA was then used as a template for
PCR amplification using Pfu Turbo Polymerase
(Stratagene-Agilent Technologies, La Jolla, USA).
PCR products were purified from 0.8% agarose gel
using QIAquick Gel Extraction Kit (Qiagen, Hilden,
Germany) and used in cycle sequencing reaction using
six overlapping primers from both strands and BigDye
Dideoxy Terminator Sequencing Kits v3.1 (Applied
Biosystems-Life Technologies, Carlsbad, USA),
following the manufacturer’s instructions. Purified
DNA was subjected to capillary sequencing performed
on 3130x1 Genetic Analyzer (Applied Biosystems-Life
Technologies, Carlsbad, USA) at the Eijkman Institute
sequencing facility. Primers used in genotyping have
been described elsewhere [8]. Sequence reads were
assembled using SeqScape v.2.5 software (Applied
Biosystems-Life Technologies, Carlsbad, USA) with
additional manual adjustment performed when manual
inspection of the assembly showed some
discrepancies. The E protein gene sequences obtained
in this study were deposited in GenBank; accession
numbers are shown in Table 1.

DENYV genotype analyses

DENV genotype analyses were performed to
generate classification of isolate sequences into
genotypes. Isolate sequences were combined with the
downloaded GenBank sequences according to the
sample’s serotypes to create datasets for each
genotype grouping based on the classifications of
Goncalvez et al. [9], Twiddy et al. [10], and Lanciotti
et al. [11] for DENV-1, DENV-2, and DENV-4,
respectively. Multiple sequence alignment was
performed using MUSCLE [12] to generate sequence
alignment representing the E protein segment (1,485
nt). Datasets for each serotype were prepared using
BEAUti v.1.7.5 [13] followed by phylogenetic
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reconstruction and evolutionary rate analysis using the
Bayesian Markov chain Monte Carlo (MCMC)
method as implemented in BEAST v 1.7.5 [14] using
GTR+I'; model with codon model, relaxed
uncorrelated lognormal molecular clock and Bayesian
skyline prior, with 100 million generations and
sampled for every 1,000th iteration. Maximum clade
credibility (MCC) tree was created using
TreeAnnotator v.1.7.5 and visualized in FigTree
v.1.4.0, which are available inside the BEAST
package.

Results
Patients’ characteristics

A total of 113 dengue-suspected patients were
involved in this study. The patients were recruited
based on dengue clinical and serological/antigen
(IgG/IgM and NSI1) diagnoses. Dengue cases were
observed in all months during the course of the study.
From March 2012, the number of cases increased, with
the peaks observed in June and September (Figure
1A). Of the 113 patients recruited, 61 (54%) were
female and 52 (46%) were male. The cases occurred
in patients with ages ranging from 12 to 77 years
(mean = SD = 38.5+18.6 years old). Most cases
(21.4%) were observed in patients between 10 and 20
years of age (Figure 1B). All samples were confirmed
for dengue infection by dengue NS1 antigen detection
and/or dengue IgG and IgM rapid tests, in which 103
(91.2%) samples were positive for IgM. Molecular
detection using Simplexa dengue real-time RT-PCR
assay detected the presence of DENV nucleic acids in
25 (22.1%) samples. Virus culture of the RT-PCR-
positive samples successfully isolated 22 viruses
(Table 1), which were then used in the DENV
genotyping study described below.

Figure 1. Characteristics of dengue cases in Sukabumi in the year of 2012. Dengue cases distribution by month (A) and patient’s age (B) were
grouped according to their hospital admission date and ages, respectively. Distribution of DENV serotype (C) was determined by Simplexa

dengue real-time RT-PCR as described in the Methodology section.
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Table 1. Characteristics of dengue patients with DENV envelope gene sequenced

No. Sample ID Gender Age Serotype Genotype GenBank Accession No.
1 SKB-CM002 F 35 DENV-1 Genotype I KF052647
2 SKB-CMO013 F 70 DENV-1 Genotype IV KF052648
3 SKB-CM046 M 54 DENV-1 Genotype IV KF052649
4 SKB-CM022 F 74 DENV-2 Cosmopolitan KF052650
5 SKB-CM024 F 67 DENV-2 Cosmopolitan KF052651
6 SKB-CM036 M 28 DENV-2 Cosmopolitan KF052652
7 SKB-CM052 F 12 DENV-2 Cosmopolitan KF052653
8 SKB-CM057 F 24 DENV-2 Cosmopolitan KF052654
9 SKB-CM062 M 51 DENV-2 Cosmopolitan KF052655
10 SKB-CM072 M 41 DENV-2 Cosmopolitan KF052656
11 SKB-CM075 F 38 DENV-2 Cosmopolitan KF052657
12 SKB-CMO081 M 12 DENV-2 Cosmopolitan KF052658
13 SKB-CM103 M 18 DENV-2 Cosmopolitan KF052659
14 SKB-CM105 M 48 DENV-2 Cosmopolitan KF052660
15 SKB-CM109 M 16 DENV-2 Cosmopolitan KF052661
16 SKB-CM110 F - DENV-2 Cosmopolitan KF052662
17 SKB-CM112 M 17 DENV-2 Cosmopolitan KF052663
18 SKB-CM113 M - DENV-2 Cosmopolitan KF052664
19 SKB-CM116 F 50 DENV-2 Cosmopolitan KF052665
20 SKB-CM028 F 77 DENV-4 Genotype II KF052666
21 SKB-CM048 F 44 DENV-4 Genotype 11 KF052667
22 SKB-CM084 F 29 DENV-4 Genotype 11 KF052668

Table 2. Bayesian Markov chain Monte Carlo (MCMC) estimates of substitution rate in DENV isolated in Sukabumi in

2012
Serotvpe Genotvpe N Mean substitution rate 95% ClIs Published CIs?
yp yp (X 10 subs/site/year) (X 10 subs/site/year) (X 10 subs/site/year)
DENV-1 I 1 6.89 NA
DENV-1 ve 2 6.77 5.69—17.85 3.08-7.16
DENV-2 Cosmopolitan® 16 8.90 7.99 - 9.81 4.00 - 8.45
DENV-4 e 3 10.19 6.19—14.19 6.32-11.79

“Goncalvez et al. classification [8]; "Twiddy et al. classification [9]; “Lanciotti, et al. classification [10]; “Maximum likelihood (ML); estimates provided
by Twiddy et al. [14]; Cls, confidence intervals; NA, not applicable

Figure 2. Maximum clade credibility
(MCC) tree of DENV-1 genotypes
grouping generated by Bayesian inference
method as implemented in BEAST using
GTR evolution model and gamma
parameter rates from the E gene sequences.
The Sukabumi isolates (red font) were
grouped into genotype I (SKB-CMO002)
and genotype IV (SKB-CMO013 and SKB-
CMO046) based on classification by
Goncalvez et al. [9]. The number in the
node indicated the posterior probability of
that particular cluster.
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Figure 3. MCC tree of DENV-2 genotypes grouping generated by Bayesian inference method as implemented in BEAST using
GTR evolution model and gamma parameter rates from the E gene sequences. The Sukabumi isolates (red font) were grouped into
the Cosmopolitan genotype based on classification by Twiddy et al. [10]. The number in the node indicated the posterior

probabilitv of that particular cluster.
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DENYV serotype and genotype distribution

To determine the circulating DENV serotype in
Sukabumi during the course of the study, serotyping
was performed using Simplexa dengue real-time RT-
PCR assay. Using this method, 25 samples were
successfully serotyped. The predominant serotype
circulating in Sukabumi was DENV-2 (64%),
followed by DENV-1 (20%), and DENV-4 (16%). In
this study, the DENV-3 serotype was not detected
(Figure 1C and Table 1).

The genotypes of the infecting viruses were then
determined by sequencing of envelope genes of the
DENYV followed by phylogenetic analysis. For DENV-
1 serotype, co-circulation of genotype I and IV
according to genotype grouping by Goncalvez et al.
[9] was observed (Figure 2 and Table 1). The genotype
of 16 DENV-2 isolates were successfully determined;
all of them were grouped into the Cosmopolitan
genotype described by Twiddy et al. [10] (Figure 3).
Although all of the viruses were grouped into one
genotype, the presence of several clades was observed,
which may indicate their genetic variability.
Meanwhile, three DENV-4 isolates obtained in this
study were grouped into genotype Il according to
classification described by Lanciotti et al. [11] (Figure
4).

Given the co-circulation of two genotypes of
DENV-1 and the presence of clades within the DENV-
2 Cosmopolitan genotype, the evolutionary rate of
DENV circulating in Sukabumi in 2012 was
investigated. Table 2 shows the estimated rate of
nucleotide substitution in each serotype of DENV
isolated in this study. As shown in Table 2, the
confidence intervals (Cls) for the DENV-1, DENV-2,
and DENV-4 data sets overlapped considerably,
indicating similar rates among these serotypes. The
CIs were also relatively similar to maximum
likelihood (ML) estimates generated by Twiddy et al.
[15].

Discussion

Dengue is an endemic disease and a major health
problem in Indonesia [16]. Sukabumi, a small city in
the West Java province, is also afflicted by the disease
annually. Sukabumi Health Authority reported 962
dengue cases in 2012. In this study, we investigated
113 cases for their serological and virological
characteristics. During the surveillance period, dengue
cases occurred throughout the months of March
through December 2012. The peak numbers were
observed in June and September (Figure 1A). June is
post-monsoon season in Indonesia, while September is
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categorized as the dry season. The high number of
cases recorded in September may not be directly
related to the seasonal breeding of the mosquito
vectors, but instead is likely to be associated with the
abundance of artificial water storages that facilitate
mosquito breeding during dry season, as recently
reported in Yogyakarta, Indonesia and the Philippines
[17].

All samples were positive for dengue based on at
least one of the dengue detection methods — by NS1
antigen and/or IgM and IgG serology. Most cases
(103, 91.2%) were positive for dengue IgM. Dengue
diagnosis based on IgM detection is useful for
surveillance studies [18]. The high detection rate based
on IgM antibodies is reasonable, since all patients
were in the acute phase and mostly admitted to
hospitals at a late stage of illness. The IgM antibodies
are detectable by days three through five after the
onset of illness [16]. The high proportion of
serologically-confirmed dengue patient suggests that
dengue still puts a considerable burden on the
community.

In term of patients’ ages, we observed that the high
number of dengue patients were in the age range of 10
to 20 years (Figure 1B). This data is understandable,
as our patients were mostly recruited from adult
wards. However, if this age distribution really reflects
the actual cases in the community, this finding is
different from that of dengue cases described in other
cities in Indonesia, i.e., in Jayapura in 1993 [19] and in
Palembang in 1998 [20], in which the largest
proportions of dengue cases were found in the under-
15 years of age group. Interestingly, a similar age
distribution was observed during an outbreak in
Jakarta in 2004 [21]. The changing proportion of
dengue cases in young adults and adolescents has also
been described in other places in Indonesia [22].

In this study, we successfully determined the
serotypes of 25 DENYV isolates (Figure 1C). The most
predominant serotype was DENV-2 (64%), followed
by DENV-1 (20%), and DENV-4 (16%). The
predominance of DENV-2 has been described
previously in other cities in  Indonesia, namely
Yogyakarta in 1995 [23] and Bandung in 2002 [24].
This DENV-2 predominance is different from the data
from a more recent survey in Jakarta in 2004, in which
DENV-3 was found to be the predominant serotype
[21]. The interesting finding was the absence of
DENV-3 in this study. Indonesia is hyperendemic for
dengue, with all serotypes of DENV circulating.
Historical data on the serotype distribution in
Indonesia also recorded the circulation of DENV-3 in
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most regions surveyed [22]. Our previous survey in
several cities in West Java, including Sukabumi, in
2008 revealed the circulation of DENV-3 [25].
Furthermore, our recent surveys in other cities in
Indonesia such as Semarang in 2012 [26] and
Surabaya in 2012 (Wardhani et al., in preparation) also
detected the presence of DENV-3. Therefore, given
the absence of DENV-3 in Sukabumi, our data may
reflect the dynamic of DENV serotype circulation in
Indonesia, where serotype predominance is changing
over the time. As the number of samples involved in
this study was about 12% of hospitalized dengue cases
in Sukabumi in 2012, we suggest that this serotype
distribution was quite representative of the actual
condition in the city. Further surveillance activities
will be useful in determining the dynamics of dengue
disease in Sukabumi.

In terms of the genetic aspects of DENV in
Sukabumi, we successfully genotyped 22 DENV
isolates (Table 1). Phylogenetic analyses using DENV
envelope gene sequences were employed to determine
the genotypes of the virus and their closeness with
other strains previously isolated in Indonesia and its
surrounding countries. For DENV-1, we genotyped
three isolates, which were grouped into two genotypes,
namely genotype I and IV, according to Goncalvez et
al.’s classification [9] (Figure 2). This co-circulation
of two DENV-1 genotypes was similar to the co-
circulation observed in other cities in Indonesia,
namely Surabaya [27]. The Sukabumi isolates were
closely related to viruses isolated in Surabaya in 2009
and 2010 (Figure 2), which suggests that the
Sukabumi viruses were endemic to Indonesia.
Genotype I has been described as replacing the old
genotype 1V in Indonesia [27], but it may be that
these two genotypes are actually able to be present
together and maintain their stable circulation rates in
Indonesia. Continuous surveillance will be useful in
monitoring this co-circulation. This finding also
suggests the diverse genetic distribution of DENV in
Indonesia.

A total of 16 DENV-2 isolates were genotyped in
this study. This predominant serotype was grouped
together as the Cosmopolitan genotype, according to
classification by Twiddy et al. [10]. Although all
isolates were grouped into a single genotype,
clustering was also observed (Figure 3). This suggests
that the DENV-2 virus from Sukabumi possess diverse
genetic characteristics. The Sukabumi isolates were
closely related to the virus isolated in Jakarta in 2004
that was associated with a fatal outbreak [8]. This
close relationship suggests that the isolates have been
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quite long established in the area within the last
decade and that the predominant serotype that was
responsible for high dengue prevalence in Sukabumi
was not imported from other countries in the region.
Other isolates that were clustered together with
DENV-2 from Sukabumi were viruses from Singapore
and Brunei isolated in 2005. As reflected by its name,
the Cosmopolitan genotype is widely distributed in
areas such as India, South East Asia, Africa, the
Middle East, and Australia [10].

On the genotype distribution of DENV-4, we
managed to sequence the E gene of three DENV-4
isolates and analyzed their genotype. All the isolates
were grouped into genotype II (SE Asia and America),
according to classification described by Lanciotti et al.
[11] (Figure 4). All the viruses were closely related to
a virus sampled in Indonesia in 1973. This genotype
was also similar to a virus isolated in Jakarta in 2004
[8]. Overall, this suggests that the viruses were
endemic to Indonesia and have been circulating for
more than three decades.

The genetic diversity of DENV in this study was
represented by the presence of multiple genotypes of
DENV-1 and the grouping of the DENV-2
Cosmopolitan  genotype into several clades.
Phenotypic implications of this diversity may appear
as viruses with different virulence, altered antigenicity,
or tissue tropism [4]. Estimation of nucleotide
substitution rates among viruses has been used to gain
information about the evolutionary rate, which may be
useful in understanding the epidemiological aspects of
DENV [15]. In general, the DENV isolates in this
study possessed nucleotide substitution rates similar to
previous reports (Table 2), indicating the common
evolutionary rate and that they had not undergone
significant genetic changes over time. The information
about the DENV evolutionary rate is a useful tool in
monitoring whether particular strain(s) of DENV have
undergone peculiar evolution, as in the case of our
recent finding of the DENV-1 strain, which has
undergone a very slow evolutionary rate circulating in
Semarang, Indonesia [26].

In conclusion, this study has provided the first
molecular data of DENV in Sukabumi, West Java,
Indonesia. Although different serotype predominance
from other cities in Indonesia was observed, the
genotypes of the infecting virus were apparently
similar to ones observed in other cities in Indonesia,
suggesting the endemic nature of the infecting virus
that caused a high prevalence of dengue in Sukabumi
in 2012. Continuous surveillance will be useful to
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further understand the dynamic of dengue disease in
Indonesia.

Acknowledgements

The authors would like to thanks the patients, clinicians, and
other medical staff involved in this study. This study was
partly funded by a grant from the Ministry of Health of the
Republic of Indonesia to RN and SINAS 2012 from the
Ministry of Research and Technology of the Republic of
Indonesia to RTS. We would like to thank to Sanofi Pasteur
for the donation of MagNA Pure LC Nucleic Acid
Extraction System and Simplexa Dengue Molecular Assay.

J Infect Dev Ctries 2014; 8(6):733-741.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

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. Nat Rev
Microbiol 8: S7-16.

Simmons CP, Farrar JJ, Nguyen VV, Wills B (2012) Dengue.
N Engl J Med 366: 1423-1432.

Martina BE, Koraka P, Osrhaus AD (2009) Dengue virus
pathogenesis: an integrated view. Clin Microbiol Rev 22:
564-581.

Holmes EC, Burch SS (2000) The causes and consequences
of genetic variation in dengue virus. Trends Microbiol 8: 74-
77.

Holmes EC, Twiddy SS (2003) The origin, emergence and
evolutionary genetics of dengue virus. Infect Genet Evol 3:
19-28.

Sukabumi Health Authority (2013).136 Warga Kota
Sukabumi Terkena DBD. Reported in Republika Online.
Available:  http://www.republika.co.id/berita/nasional/jawa-
barat-nasional/13/03/15/mjody8-136-warga-kota-sukabumi-
terkena-dbd. Accessed 15 March 2013.

Igarashi A (1979) Characteristics of Aedes albopictus cells
persistently infected with dengue viruses. Nature 280: 690-
691.

Ong SH, Yip JT, Chen YL, Liu W, Harun S, Lystiyaningsih
E, Heriyanto B, Beckett CG, Mitchell WP, Hibberd ML,
Suwandono A, Vasudevan SG, Schreiber MJ (2008) Periodic
re-emergence of endemic strains with strong epidemic
potential-a proposed explanation for the 2004 Indonesian
dengue epidemic. Infect Genet Evol 8: 191-204.

Goncalvez AP, Escalante AA, Pujol FH, Ludert JE, Tovar D,
Salas RA, Liprandi F (2002) Diversity and evolution of the
envelope gene of dengue virus type 1. Virology 303: 110-119.
Twiddy SS, Farrar JJ, Vinh Chau N, Wills B, Gould EA,
Gritsun T, Lloyd G, Holmes EC (2002) Phylogenetic
relationships and differential selection pressures among
genotypes of dengue-2 virus. Virology 298: 63-72.

Lanciotti RS, Gubler DJ, Trent DW (1997) Molecular
evolution and phylogeny of dengue-4 viruses. J Gen Virol 78:
2279-2284.

Edgar RC (2004) MUSCLE: multiple sequence alignment
with high accuracy and high throughput. Nucleic Acids Res
32:1792-1797.

Drummond AJ, Suchard MA, Xie D, Rambaut A (2012)
Bayesian phylogenetics with BEAUti and the BEAST 1.7.
Mol Biol Evol 29: 1969-1973. doi:10.1093/molbev/mss075.
Drummond AJ, Rambaut A (2007) BEAST: Bayesian
evolutionary analysis by sampling trees. BMC Evol Biol 7:
214.

Twiddy SS, Holmes EC, Rambaut A (2003) Inferring the rate
and time-scale of dengue virus evolution. Mol Biol Evol 20:
122-129.

WHO-SEARO (2011) Comprehensive  guidelines for
prevention and control of dengue and dengue haemorrhagic
fever. Revised and expanded. New Delhi, India: World Health
Organization.

Wai KT, Arunachalam N, Tana S, Espino F, Kittayapong P,
Abeyewickreme W, Hapangama D, Tyagi BK, Htun PT,
Koyadun S, Kroeger A, Sommerfeld J, Petzold M (2012)
Estimating dengue vector abundance in the wet and dry
season: implications for targeted vector control in urban and
peri-urban Asia. Pathog Glob Health 106: 436-445.

740



Nusa et al. — Dengue in Sukabumi, West Java, Indonesia

18.

19.

20.

21.

22.

23.

Peeling RW, Artsob H, Pelegrino JL, Buchy P, Cardosa MJ,
Devi S, Enria DA, Farrar J, Gubler DJ, Guzman MG,
Halstead SB, Hunsperger E, Kliks S, Margolis HS, Nathanson
CM, Nguyen VC, Rizzo N, Vazquez S, Yoksan S (2010)
Evaluation of diagnostic tests: dengue. Nat Rev Microbiol 8:
S30-38.

Richards AL, Bagus R, Baso SM, Follows GA, Tan R,
Graham RR, Sandjaja B, Corwin AL, Punjabi N (1997) The
first reported outbreak of dengue hemorrhagic fever in Irian
Jaya, Indonesia. Am J Trop Med Hyg 57: 49-55.

Corwin AL, Larasati RP, Bangs MJ, Wuryadi S, Arjoso S,
Sukri N, Listyaningsih E, Hartati S, Namursa R, Anwar Z,
Chandra S, Loho B, Ahmad H, Campbell JR, Porter KR
(2001) Epidemic dengue transmission in southern Sumatra,
Indonesia. Trans R Soc Trop Med Hyg 95: 257-265.
Suwandono A, Kosasih H, Nurhayati, Kusriastuti R, Harun S,
Ma'roef C, Wuryadi S, Herianto B, Yuwono D, Porter KR,
Beckett CG, Blair PJ (2006) Four dengue virus serotypes
found circulating during an outbreak of dengue fever and
dengue haemorrhagic fever in Jakarta, Indonesia, during
2004. Trans R Soc Trop Med Hyg 100: 855-862.

Setiati TE, Wagenaar JF, De Kruif MD, Mairuhu AT, Van
Gorp EC, et al. (2006) Changing epidemiology of dengue
haemorrhagic fever in Indonesia. Bull WHO 30: 1-14.
Graham RR, Juffrie M, Tan R, Hayes CG, Laksono I, Ma'roef
C, Erlin, Sutaryo, Porter KR, Halstead SB (1999) A
prospective seroepidemiologic study on dengue in children
four to nine years of age in Yogyakarta, Indonesia I. studies in
1995-1996. Am J Trop Med Hyg 61: 412-419.

24.

25.

26.

27.

J Infect Dev Ctries 2014; 8(6):733-741.

Porter KR, Beckett CG, Kosasih H, Tan RI, Alisjahbana B,
Rudiman PI, Widjaja S, Listiyaningsih E, Ma'Roef CN,
McArdle JL, Parwati I, Sudjana P, Jusuf H, Yuwono D,
Wuryadi S (2005) Epidemiology of dengue and dengue
hemorrhagic fever in a cohort of adults living in Bandung,
West Java, Indonesia. Am J Trop Med Hyg 72: 60-66.
Prasetyowati H, Nusa R (2012) DHF cases dominated by
Den-3 serotype in the West Java province. Health Sci Indones
3:23-26.

Fahri S, Yohan B, Trimarsanto H, Sayono S, Hadisaputro S,
Dharmana E, Syafruddin D, Sasmono RT (2013) Molecular
Surveillance of Dengue in Semarang, Indonesia Revealed the
Circulation of an Old Genotype of Dengue Virus Serotype-1.
PLoS Negl Trop Dis 7: e2354.

Yamanaka A, Mulyatno KC, Susilowati H, Hendrianto E,
Ginting AP, Sary DD, Rantam FA, Soegijanto S, Konishi E
(2011) Displacement of the predominant dengue virus from
type 2 to type 1 with a subsequent genotype shift from IV to [
in Surabaya, Indonesia 2008-2010. PLoS ONE 6: €27322.

Corresponding author

R. Tedjo Sasmono

Eijkman Institute for Molecular Biology

J1. Diponegoro 69, Jakarta 10430, Indonesia
Phone: +62-21-3917131

Fax: +62-21-3147982

Email: sasmono@eijkman.go.id

Conflict of interests: No conflict of interests is declared.

741



