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INTRODUCTION

In this study, the authors conducted a prospective cross-sectional molecular surveillance study
in Purwokerto to gain information on DENV molecular characteristics, in particular the serotype
distribution and genotype diversity of DENV circulating in the city.

CRITIQUE
Introduction

The authors should include some literature on prevailing and past dengue serotype and
genotype distributions in the surrounding regions to describe its past importance, while also
substantiating the importance of determining its molecular epidemiology in this study.

Response:

Thank you for the suggestion. The published data on dengue virus (DENV) serotypes and
genotypes distribution in Indonesia, in particular Central Java is limited. In this study, one of our
aims was to add data on dengue virus diversity in the region. To complement the historical data
on DENV in the region, we have added a reference to our previous data from Semarang, a city in
Central Java, approximately 188 km from Purwokerto, where we described DENV serotypes and
genotypes distribution of circulating virus in 2012 (Fahri, et al. PLoS NTD 2013) in the
Introduction (page 4).

Materials and Methods
1. The authors did not clearly define the sampling criteria for the study.

Response:

We have re-written our sampling criteria in the Materials and Methods section to better
defining the approach that we used. We also added information regarding the use of WHO-
SEARO 2011 guideline to determine the clinical manifestations as follows:

“Dengue-suspected patients were recruited from inpatient wards of three hospitals in the city,
namely RSUD Prof. Dr. Margono Soekardjo central hospital, RSU Sinar Kasih, and RSU St.
Elisabeth during period of June through August 2015. Inclusion criteria included patients with
fever > 38°C during the first five days of fever, accompanied with at least one clinical signs of



dengue such as rash, arthralgia, malaise, retro-orbital pain, signs of DHF or DSS. We excluded
fever patients with a clear symptoms of upper respiratory tract infections and/or obviously
diagnosed as non-dengue and unwilling to participate in this study. The hematology data were
obtained from the routine blood tests performed by the hospitals. All dengue positive cases
were categorized clinically either as DF, DHF, DSS, or expanded dengue syndrome according to
WHO-SEARO [16].” (page 4)

2. Was the study sample from hospital inpatients or outpatients?

Response:
The study samples were from hospital inpatients. We have updated this information accordingly
in the first paragraph of Material and Methods (page 4).

3. Were the cases from Banyumas regency?

Response:
The cases were from Purwokerto city which is the capital of Banyumas regency in Central Java
province.

4. The clinical definition of dengue used was not the standard WHO dengue case definition,
what was the case definition used?

Response:

We used the WHO-SEARO 2011 guideline to determine the dengue clinical definition. Using this
guideline, we classified the clinical manifestations into dengue fever (DF), dengue hemorrhagic
fever (DHF), DHF with shock syndrome (DSS,) and expanded dengue syndrome. We have stated
this information in the Materials and Methods section (ref 16).

5. The authors did not detail the methodology on obtaining the hematology data.

Response:

Thank you for raising this up. The hematology data were obtained from the routine blood tests
performed by the hospitals. We have added the information accordingly in the Materials and
Methods section (page 4).

6. The Statistical tests and their inferences were not detailed in the study.

Response:
Thank you for your input. We have corrected the method for statistical analysis in the Materials
and Methods section, as follows:

“Statistical analysis was performed using SPSS Statistics software, version 17.0 (SPSS Inc.,
Chicago, IL) and R statistical software (http://www.r-project.org). Pearson chi-squared test was
used to correlate the clinical manifestations and DENV serotypes. One-way ANOVA test was



used to compare groups of hematology data and DENV serotypes. A probability value of p<0.05
was considered statistically significant.” (page 7)

7. Data Analysis - Statistical Stability using 95% Cl should be employed in this study for
hypothesis testing and interval estimation.

Response:

In the statistical analysis, we employed Pearson chi-squared test to correlate the clinical
manifestations and DENV serotypes. One-way ANOVA test was used to compare groups of
hematology data and DENV serotypes. We used probability value of p<0.05 for significance

(page 7).

Results

1. The definition of dengue suspected patients? Were they the patients with clinical suspicion
of dengue?

Response:

The dengue-suspected patients were patients with clinical suspicion of dengue. In order to avoid
confusion, we revised the manuscript only to use “dengue-suspected patients” term (Materials
and Methods section, page 4).

2. Were there a total 105 dengue suspected patients in the study, or 105 serum samples taken
from a larger sample of suspected patients.

Response:
A total of 105 serum samples were all dengue-suspected patients’ samples collected in this
study.

3. The seropositivity of dengue in this sample was 80%, the authors could elaborate more on
this finding by comparing to previous findings in the same or surrounding regions.

Response:

Thank you for your important highlight. In our previous study, the seropositivity (as of IgM
positivity) of samples from different cities/region in Indonesia ranged from 38.5% to 93.1%, with
the overall percentage for Indonesia was 73.7% (Aryati, et al. BMC Infect Dis 2013). The city of
Semarang in Central Java recorded seropositivity of 93.1%. The seropositivity of 76% in
Purwokerto city is still within the range and comparable to the seropositivity of Indonesia. We
have included this in the Discussion section (page 9-10).

4. The algorithm of laboratory testing and lab confirmation was not clearly defined.

Response:



The sample testing algorithm was as follows: dengue-suspected samples were enrolled using
the inclusion criteria and tested for dengue IgM and IgG antibodies and NS1 antigen.
Hematology profiles were taken from routine laboratory examination in the hospitals. The NS1-
positive samples were considered as dengue-confirmed samples and tested for the presence of
DENV RNA and the corresponding DENV serotype using real-time RT-PCR, simultaneously. The
degree of clinical manifestation was determined using WHO-SEARO guideline. Representative
samples were subjected to Envelope gene sequencing approach to study the genotype of DENV.

5. Was the Panbio Dengue Duo Elisa (Alere) for primary or secondary dengue done on all
samples or those positive by the SD BIOLINE Dengue Duo rapid test.

Response:

We performed tests using Panbio Dengue Duo IgM/IgG ELISA (Alere) to samples that resulted
positive using SD BIOLINE Dengue Duo rapid test. This approach was performed to determine
the infection status (primary vs secondary infection) of the serologically positive samples. The
Panbio Dengue Duo IgM/IgG ELISA can be used to quantitatively determine the infection status.

6. The criteria used for diagnosis of DHF and DF. The study showed 60% were DHF, which is a
very high observation compared to the literature, would be interesting for the authors to
include more discussion on this finding.

Response:

The higher percentage of DHF manifestation in Purwokerto patients is understandable because
in this study, patient recruitments were performed in referral hospitals where severe patients
are usually hospitalized (compared to primary health centers where mostly mild patients
treated). The higher percentage of DHF was also observed in Semarang in 2012 (Fahri, et al PLoS
NTD 2013).

7. Analysis and findings on the positivity rates between NS1 with RT-PCR should also be
detailed.

Response:

Thank you for your suggestion. For the confirmation of dengue positive samples, we use NS1
and/or RT-PCR test. We found that most of the positive dengue cases were confirmed by RT-PCR
(82%) while only 40% of this positive RT-PCR found to be NS1 positive. However, 18% of dengue
positive cases were only positive by NS1. We have added detailed explanation in Result section

(page 7).
Discussion

1. Due to the small sample size there were no significant findings for the demographic and
clinical data. The study was not able to make any meaningful correlations between the



serotype and other variables collected, however much was discussed without any
conclusions.

Response:

Thank you for your comments. In this study we focused more on virological aspects of the DENV
isolated in Purwokerto city, i.e. the serotypes and genotypes distribution and their phylogenetic
characteristics. We agree that the small sample size was not ideal to generate conclusive results
on epidemiology data. We have raised this issue in the Discussion section (page 10) as follows:

“We are aware that the limited sample size obtained in this study may affect the reliability of the data
analysis, therefore, no confident conclusion can be drawn for the association of DENV serotypes with
demography, clinical, and hematological data.”

2. The authors suggested that there was different serotype predominance in different cities in
Indonesia, however not as the same time, as it must be noted that the other study samples
were of different time points. The authors should elaborate further how this conclusion was
obtained as this is an important observation.

Response:

Thank you for the suggestions. The differing DENV serotype predominance in several cities in
Indonesia is actually occurred in the past as well as in the current situation. We have added new
references that described the serotype distribution in other cities in Indonesia 2009, 2012 in
Jakarta and, Surabaya; and recently in 2015 (same year as in Purwokerto), i.e. in Jambi and Bali
in the Discussion section (page 11). From the serotype distribution data, we observed the spatio-
temporal dynamics of DENV distribution in cities in Indonesia.

3. The dengue serotype lineages was adequately described, however a deeper discussion of
the genetic diversity of the Purwokerto strains with surrounding regions would be required
as this was the overall focus and strength of the manuscript.

Response:

Thank you for highlighting this. We have discussed the genetic diversity of Purwokerto virus
isolates in the Discussion section.

References
Referencing style to be formatted accordingly, for example:
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Response:

Thank you. The references were automatically formatted using Zotero referencing software
employing reference style designed for Journal of Infection and Public Health
(https.//www.zotero.org/styles/?q=journal%200f%20infection%20and%20public%20health).

The reference style was automatically generated by the software according to the suggested
style provided by JIPH/Zotero.

Tables and Figures
Table 1, suggest title "Distribution of demographic and clinical parameters for DENV serotypes,
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ABSTRACT

Background

Dengue is hyper-endemic in Indonesia. Purwokerto city in Central Java province is routinely
ravaged by the disease. Despite the endemicity of dengue in this city, there is still no data on
the virological aspects of dengue in the city. We conducted a molecular surveillance study of
the circulating dengue viruses (DENV) in Purwokerto city to gain information on the virus
origin, serotype and genotype distribution, and phylogenetic characteristics of DENV.
Methods

A cross-sectional dengue molecular surveillance study was conducted in Purwokerto. Sera
were collected from dengue-suspected patients attending three hospitals in the city. Diagnosis
was performed using dengue NS1 antigen and IgG/IgM antibodies detection. DENV
serotyping was performed using Simplexa Dengue real-time RT-PCR. Sequencing was
conducted to obtain full-length DENV Envelope (E) gene sequences, which were then used in
phylogenetic and genotypic analyses. Patients’ clinical and demographic data were collected
and analyzed.

Results

A total of 105 dengue-suspected patients’ sera were collected, in which 80 (76%) were
positive for IgM and/or 1gG, and 57 (54.2%) were confirmed as dengue by NS1 antigen
and/or DENV RNA detection using RT-PCR. Serotyping was successful for 47 isolates. All
four serotypes circulated in the area with DENV-3 as the predominant serotype. Phylogenetic
analyses grouped the isolates into Genotype | for DENV-1, Cosmopolitan genotype for
DENV-2, and Genotype | and Il for DENV-3 and -4, respectively. The analyses also revealed
the close relatedness of Purwokerto isolates to other DENV strains from Indonesia and
neighboring countries.

Conclusion
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In summary, we reveal the molecular and virological characteristics of DENV in Purwokerto,
Banyumas regency, Central Java. The genotype and phylogenetic analyses indicate the
endemicity of the circulating DENV in the city. Our serotype and genotype data provide
references for future dengue molecular epidemiology studies and disease management in the
region.

Keywords: Dengue; serotype; genotype; Purwokerto; Indonesia

1. Introduction

Dengue is considered as the most prevalent arthropod-borne viral disease in the world with
significant burden to people in tropical and subtropical regions [1]. The clinical
manifestations of the disease range from the mild dengue fever (DF) to the more severe cases
of dengue hemorrhagic fever (DHF) and dengue shock syndrome (DSS) [2]. The disease is
caused by dengue virus (DENV), a positive-sense single stranded RNA virus member of
Flaviviridae family [3]. The 10.7 kb RNA genome encodes three structural (C, prM/M, E)
and seven non-structural (NS1, NS2A, NS2B, NS3, NS4A, NS4B, NS5) proteins [3,4]. The
diverse characteristics of the virus is depicted by the presence of four serotypes (DENV-1, -2,
-3, and -4), in which each serotype can be further divided into phylogenetically distinct
clusters termed genotypes [5,6]. These genotypes vary in their geographical distributions,
epidemic potential, fitness, and virulence [6,7].

Indonesia has been experiencing epidemic cycles of dengue since its first introduction
in the country in 1968 in Jakarta and Surabaya [8]. The country suffered the highest
economic burden of dengue in Southeast Asia region [9]. The frequent dengue cases is often
followed by increasing numbers of infections and severity which affected all 34 provinces in
the country [8,10]. As most countries in Southeast Asia except Singapore and Malaysia,

dengue surveillance in Indonesia remains largely passive [11]. Therefore, local surveillance is
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important to gain comprehensive information on dengue epidemiology which can be used to
improve control strategies and management of the disease.

Banyumas regency in Central Java, Indonesia is affected by dengue in an annual basis
[12]. Purwokerto, the capital city of Banyumas has experienced frequent dengue outbreaks
with higher risks of dengue infection compared to other towns in surrounding area in
Banyumas regency [13]. Apart of information on the socio-economic, epidemiology, and
vector data, to the best of our knowledge, there is still no report on the virological aspects of
dengue in this city where no data on circulating serotypes and diversity of the genotypes are
available. Previously, we have reported dengue molecular and virological characteristics in
Semarang in 2012, a city in Central Java which resided approximately 188 km from
Purwokerto [14]. In this study, we conducted a prospective cross-sectional molecular
surveillance study in Purwokerto to gain information on DENV molecular characteristics, in

particular the serotype distribution and genotype diversity of DENV circulating in the city.

2. Materials and methods

2.1. Study design, study site and patient recruitment

We conducted a cross-sectional dengue molecular surveillance study in Purwokerto city,
Banyumas regency, Central Java, Indonesia. This city is located at the southern part of
Central Java, at the altitude of 75 m above sea level with 7°26” south latitude and 109°14°
east longitude. Dengue-suspected patients were recruited from inpatient wards of three
hospitals in the city, namely RSUD Prof. Dr. Margono Soekardjo central hospital, RSU Sinar
Kasih, and RSU St. Elisabeth during period of June through August 2015. Inclusion criteria
included patients with fever > 38°C during the first five days of fever, accompanied with at
least one clinical signs of dengue such as rash, arthralgia, malaise, retro-orbital pain, signs of

DHF or DSS. We excluded fever patients with a clear symptoms of upper respiratory tract
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infections and/or obviously diagnosed as non-dengue and unwilling to participate in this
study. The hematology data were obtained from the routine blood tests performed by the
hospitals. All dengue positive cases were categorized clinically either as DF, DHF, DSS, or
expanded dengue syndrome according to WHO-SEARO [15].

Peripheral venous blood was collected in serum separator tubes and taken to the laboratory
for serum separation. Serum was kept frozen at -80°C until analysis. Ethical approval for the
involvement of human participants was granted by the Research Ethics Commission of the

Faculty of Medicine, Universitas Jenderal Soedirman, approval No. 065/KEPK/IV/2015.

2.2. Dengue diagnosis, nucleic acid extraction and serotyping

The SD BIOLINE Dengue Duo rapid test (Dengue NS1 Ag + 1gG/IgM) (Standard
Diagnostics, Alere, Korea) was used to detect the presence of NS1 antigen and IgG/IgM
antibodies to DENV. Further serological diagnosis was performed using Panbio Dengue Duo
ELISA (Alere), in which the 1gG/IgM scores were used to determine the primary versus
secondary infection, performed according to the kit’s instructions. The DENV RNA was
extracted using MagNA Pure Total Nucleic Acid extraction kit (Roche, Mannheim,
Germany) and performed using automated MagNA Pure LC 2.0 extraction system (Roche),
according to protocol described by the manufacturer. The resulting RNA was then assayed
using Simplexa Dengue real-time RT-PCR (DiaSorin, Saluggia, Italy) assay which
simultaneously detect the presence of DENV and its serotype [16]. Strict controls were

applied on RNA extraction and RT-PCR procedures to prevent cross-contamination.

2.3. DENV E gene sequencing
The sequencing of DENV E genes were performed at Eijkman Institute’s sequencing facility,

using RNA directly extracted from patients’ sera. Superscript 11l Reverse Transcriptase
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(Invitrogen-Thermo Scientific, Carlsbad, CA, USA) was used to reverse-transcribed the
DENV RNA into cDNA which was then PCR-amplified using Pfu Turbo DNA Polymerase
(Stratagene-Agilent Technologies, La Jolla, CA, USA). PCR-amplified DNA was purified
from 0.8% gel using QIAquick gel extraction kit (Qiagen, Hilden, Germany). The purified
amplicon was used in cycle sequencing reactions using eight overlapping primers for each
serotype from both strands and BigDyeDideoxy Terminator sequencing Kits v.3.1 (Applied
Biosystems-Thermo Scientific), as described elsewhere [17]. Purified DNA was subjected to
capillary sequencing performed on 3130xI Genetic Analyzer (Applied Biosystems). Sequence
reads were assembled using SeqScape v.2.5 software (Applied Biosystems) with manual

inspection performed where ambiguities observed.

2.4. Phylogenetic analysis

Phylogenetic analysis was conducted by aligning full-length E gene sequences of Purwokerto
isolates with other publicly available DENV sequences worldwide retrieved from GenBank
as of March, 2016. All nonrelated sequences were removed and finally 60 taxa which are the
most closely related to Purwokerto isolates were selected per serotype to clarify the tree view.
These sequences were subjected to robust phylogenetic analyses. Dataset for each serotype
was prepared using BEAULti v.1.8.3 graphical interface with the tip of each isolate calibrated
using the year of isolation. Bayesian Markov Chain Monte Carlo (MCMC) method was
implemented for phylogenetic reconstruction and molecular clock analyses as implemented in
BEAST v.1.8.3 using General Time Reversible (GTR) model with four Gamma parameters
(Gy) and invariant (1) sites, relaxed uncorrelated lognormal molecular clock and Bayesian
skyline prior, with 100 million generations and sampled for every 1000™ iteration and 10%
burn-in employed. The initial estimated evolutionary rate was set at 7.6 x 10 substitutions

per site per year, as previously described [18]. MCMC trace was analyzed using Tracer
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v.1.5.0 to monitor adequate Effective Sampling Size (ESS) for all parameters. TreeAnnotator
v.1.8.3 was used to create Maximum clade credibility (MCC) tree which visualized in
FigTree v.1.4.0.

The classification of genotypes in each serotype was based on classifications by Goncalvez et
al. [19], Twiddy et al. [20], Lanciotti et al. [21], and Lanciotti et al. [22], for DENV-1, -2, -3

and -4, respectively.

2.5. Statistical analysis

Statistical analysis was performed using SPSS Statistics software, version 17.0 (SPSS Inc.,
Chicago, IL) and R statistical software (http://www.r-project.org). Pearson chi-squared test
was used to correlate the clinical manifestations and DENV serotypes. One-way ANOVA test
was used to compare groups of hematology data and DENV serotypes. A probability value of

p<0.05 was considered statistically significant.

3. Results

3.1. Patients characteristics, clinical manifestation, and DENV serotypes

A total of 105 serum samples from dengue-suspected patients were collected during the
study. The age of the patients ranging from 3 to 65 years (mean £ SD = 29.5 £ 15.6 years).
Among them, 80 (76%) were positive for IgM and/or IgG, and 57 (54.2%) were confirmed to
have dengue infection by NS1 antigen and/or DENV RNA detection using RT-PCR (82%
positivity by RT-PCR and/or NS1 and 18% positivity by NS1 only). These confirmed cases
occurred almost evenly among all age groups with most cases affected adults aged between
21 and 30 years (Figure 1A). Forty-seven out of 57 confirmed cases were positive for DENV
by real-time RT-PCR. Among these 47 patients, 24 (51%) were male and 23 (49%) were

female. We observed more secondary infections (57%) compared to primary infections
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(Table 1). Serotyping revealed the presence of all four DENV serotypes. The DENV-3 was
the predominant serotype (26 or 55%), followed by DENV-1 (11 or 23%) and equal number
of DENV-2 and -4 cases (5 or 11% each) (Figure 1B).

From 47 dengue-confirmed patients with known infecting serotypes, 28 (60%) were
DHF and 19 (40%) were DF. We did not find DSS and expanded dengue syndrome in this
study. Most of the patients (32 or 68%) experienced thrombocytopenia (platelet count
<100,000/uL), while severe thrombocytopenia (<50,000/uL) was observed in 15 patients
(32%). The characteristics of the patients together with proportion of the infecting serotypes,

diagnosis, infection status, severity, and hematological data are shown in Table 1.

3.2. DENV genotypes and phylogenetic relationships

Full-length E gene sequences of 16 isolates, comprising all four serotypes, were successfully
obtained. The E gene sequences have been deposited into GenBank repository and granted
accession number of KY709181-KY709196. Three out of 11 DENV-1 isolates were
genotyped according to Goncalvez classification [19] and identified as Genotype | (Figure 2).
Two of them were grouped together in a lineage which include Indonesian strains imported to
Taiwan and Okinawa-Japan in 2014 [23,24] (Figure 2). The other DENV-1 Purwokerto
isolate was closely related to strain isolated in Tokyo-Japan in 2014. These isolates were
grouped together in a lineage consisting of strains from Indonesia city of Surabaya isolated in
2010 (Figure 2).

Among five DENV-2 isolates detected in this study, four were genotyped. All of these
isolates belonged to Cosmopolitan genotype according to Twiddy classification [20] (Figure
3). Although grouped into single Cosmopolitan genotype and collected within the same study
time, these 4 isolates were further differentiated into three distinct lineages. One isolate was

closely related with strains from Bali isolated in 2011-2012 and grouped together with strains
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from Indonesian city of Makassar isolated in 2007-2008 [25] and Singapore isolated in 2004
(Figure 3, lineage 1). Two isolates formed a monophyletic lineage consisting of mostly
strains from Indonesian Sumatra in 2010 [26] and Jakarta in 2009 (unpublished), Singapore,
Brunei and China (Figure 3, lineage 2). The remaining isolate was grouped with other
Indonesia strains from Sukabumi isolated in 2012 [27] and Jakarta in 2004 [28] and 2013
[29].

For DENV-3, seven out of 26 isolates were successfully sequenced and identified as
Genotype | (Figure 4) according to Lanciotti classification [21]. Similar with DENV-2, these
isolates were also clustered into three different lineages. Two isolates were grouped together
and closely related to Indonesia strain from Surabaya in 2013 [30]. Three isolates were
grouped together in a lineage consisting of strains from Jakarta, Bali and other city in
Indonesia isolated from travelers returning to Western Australia [31]. The remaining two
isolates were grouped together and closely related to strain from Semarang, Central Java [14]
and strains form another cities in Indonesia [26], as well as those from Malaysia [32] and
China in 2010.

We genotyped two out of five DENV-4 isolates as Genotype Il according to Lanciotti
classification [22]. These isolates were grouped together with strains from Indonesia,
Southeast Asia, and Micronesia (Figure 5). One of them was closely related to the strain from
Bali in 2010 [31], other city in Indonesia in 2009, and imported cases in Taiwan in 2009 [32].

The other isolate was grouped together with strain from Indonesia in 2010 [26].

4. Discussion
Similar with many other urban areas in Indonesia, Purwokerto is endemic for dengue and
ravaged by the disease annually. While dengue is endemic, to the best of our knowledge, no

dengue virological data in Purwokerto have been reported. Therefore, our study provides the
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first information on the serological profile, serotype distribution, virus genetic diversity and
the origins of the DENV circulating in the area.

In our study population, most (76%) of patients were positive for dengue IgM/1gG
antibodies while 54.2% of them were positive for NS1 antigen and/or RT-PCR detection.
Moreover, about 60% of patients were secondary infection. In our previous study, we
observed the seropositivity of samples from different cities/region in Indonesia ranged from
38.5% to 93.1%, with the overall percentage for Indonesia was 73.7% [33]. The
seropositivity of 76% in Purwokerto city is still within the observed range and comparable to
the seropositivity of Indonesia. Altogether, these reflect the considerable burden of dengue in
the community. As urbanized area, Purwokerto has a greater risk of dengue infections
compared to its surrounding area in Banyumas regency [13]. Urbanization becomes a
prevalent factor for dengue infections as the city has become economically more developed
since the establishment of universities in the city which increase the number of urban
population, especially students, in the city.

In term of disease manifestation, we revealed the occurrence of both DF and DHF.
We observed majority of dengue cases (60%) were DHF. This was similar to study in
Semarang in 2012 in which 74% of the cases were DHF [14] The relationship of infecting
serotype with clinical manifestation has been reported [34, 35]. We did not find possible
relationship of infecting serotype with demography, hematology, and clinical manifestation
(Table 1). We also did not find correlation of infecting serotype with thrombocytopenia as
previously reported in Singapore [36]. Association between DENV-1 and DENV-3 with
primary infection which has been reported in Thailand [35], however, this was not observed
in Purwokerto. The possible relationship of clinical manifestation with demography and
hematology were also analyzed (data not shown). Again, no significant correlation was found

among them. We are aware that the limited sample size obtained in this study may affect the
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reliability of the data analysis, therefore, no confident conclusion can be drawn for the
association of DENV serotypes with demography, clinical, and hematological data.

Our study was more focused on the virological aspects of DENV. To assess the
dynamic of DENV in Purwokerto, we compared our data with data from nearby city of
Semarang (located about188 km from Purwokerto), because no historical virological data of
dengue in Purwokerto are available. We observed distinct serotype predominance between
the two cities. The majority of the DENV isolated in Semarang was DENV-1 [14] while the
most predominant serotype in Purwokerto was DENV-3. The history of DENV-3
predominance was recorded in several cities in Indonesia including Jakarta [28], Palembang
[37], and Bali in 2015 [38]. In another nearby city of Bandung (about 244 km from
Purwokerto), DENV-4 was the most frequent serotype detected, followed by DENV-3 as the
second most detected [39]. In other cities in Indonesia, different serotype predominance was
also observed such as in Jakarta in 2010 [40], Surabaya in 2012 [41], and Jambi in 2015 [17].
Altogether, these findings reveal the differing DENV serotype predominance in different
cities and thus demonstrate the spatial and temporal dynamics of DENV distribution in
Indonesia.

Phylogenetic analysis was performed to determine the genotypes of DENV and the
origin and relationships with other DENV strains from other regions in Indonesia and
neighboring countries. Although Purwokerto DENV-1 viruses were grouped into single
genotype, i.e. Genotype I, apparently, they were separated into two lineages, suggesting the
genetic diversity of these strains. We did not find Genotype IV of DENV-1 which was
previously found in other cities in Indonesia, such as in Sukabumi [27], Makassar [25], and
Surabaya [41]. This finding enhances the notion of possible lineage replacement in DENV-1

in Indonesia from Genotype IV to Genotype | as this genotype was recorded to replace the
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older Genotype IV in recent studies in Jambi in 2015 [17], Sukabumi in 2013 [27], Semarang
in 2012 [14], Makassar (2007-2010) [25], and Surabaya in 2009 [42].

The DENV-2 isolates from Purwokerto were identified as Cosmopolitan genotype.
These isolates were grouped together with other Indonesia strains and those from Southeast
Asia and China. Cosmopolitan genotype has been spread worldwide as it has been found in
Southeast Asia, India, Middle East, Africa and Australia [20]. To date, this genotype is the
common genotype circulating in Indonesia and has been found in Palembang [37], Jakarta
[28], Surabaya [41,42], Semarang [14], Makassar [25], Sukabumi [27], Jambi [17], and Bali
[38]. Based on the presence of various DENV-2 lineages in Purwokerto, it is plausible that
the strains had undergone a local evolution, resulting in more genetically divergent strains as
depicted by the presence of three separate lineages. One important finding about DENV-2
isolates in Purwokerto is the presence of isolate that is closely related with DENV-2 strains
originated from Bali (Figure 3, lineage 1) that were associated with the large outbreak in
2011-2012 [31]. The fact that this lineage is also present in Purwokerto may need to be
continuously monitored for its potential to cause outbreak in the region as has been reported
in Bali.

The DENV-3 isolates were classified as Genotype I. This genotype was the common
genotype in Southeast Asia region [21]. Similar to DENV-2, the DENV-3 isolates also show
a considerable genetic diversity as depicted by the presence of three distinct lineages. The
Purwokerto DENV-3 isolates were closely related to other Indonesia strains especially those
from Semarang [14], Jakarta [28], and Surabaya [42]. We did not observed the close-
relatedness with DENV strains from outside Indonesia (except the imported cases in China),
which suggest that these predominant viruses were of local origin and not imported from

other countries.
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For DENV-4 isolates, phylogenetic analysis revealed that the two isolates were
grouped into Genotype Il and formed two separate lineages. This genotype was frequently
found in Southeast Asia and America [22]. The Purwokerto’s DENV-4 isolates were closely
related to virus sampled in Indonesia in 2009 to 2010, and the imported virus strain collected
in Taiwan presumed to be originated from Indonesia in 2010 [32]. These phylogenetic data
suggest the endemic nature of DENV-4 in Purwokerto.

In conclusion, we provide the first molecular and virological characteristics of DENV
in Purwokerto, Banyumas regency, Central Java, Indonesia. Although the serotype
predominance of DENV in Purwokerto was different from the nearby cities, the genotypes of
the isolates were apparently similar to those commonly found in other cities in Indonesia. The
phylogenetic and genotypic analyses suggested that an endemic cycle of transmission has
been established in Purwokerto with all four DENV serotypes circulating. DENV isolates
imported from other countries was not detected. High number of travel and urbanization
might be the contributing factors to the distribution of serotype and genotypes. Purwokerto is
one of the transit route connecting cities in Java Island, especially for land transport.
Continuous DENV molecular and virological surveillance efforts will be useful to further
understand the dynamic of dengue disease in this region and contributes to the disease

prevention and management program.
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Table 1. Distribution of demographic and clinical parameters for RT-PCR confirmed dengue

patients in Purwokerto, Indonesia, 2015.

DENV-1

DENV-2

DENV-3

DENV-4

Parameters N p value®
(N=11) (N=5) (N=26) (N=5)
Gender
Male 24 5 2 15 2
0.781%
Female 23 6 3 11 3
Infection type
Primary 20 4 3 12
0.578?
Secondary 27 7 14 4
NS1 antigen detection*
Positive 19 4 3 12 2
0.864%
Negative 26 14 3
Severity
DF 19 5 3 11 0
0.227°
DHF 28 6 2 15
Hematology data”
Thrombocyte (/uL) NA 88,182+68,111 | 123,200+73,916 | 75,209+48,474 | 77,400+48,624 | 0.376°
Hemoglobin (g/dL) NA 12.99+1.76 14.24+2.07 13.84+1.67 12.44+1.38 0.197°
*Two samples have no information of NS1 antigen detection
®Pearson Chi-squared test
Mean+STDEV
‘One Way ANOVA Test
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FIGURE LEGENDS:

Figure 1. The distribution of dengue cases in Purwokerto in 2015 determined by the age of

dengue-confirmed patients (A) and the percentage of circulating DENV serotypes (B).

Figure 2. Phylogeny of the most closely related DENV-1 genotypes generated by Bayesian
inference method as implemented in BEAST using GTR+G+I1 evolution model calculated
using E gene sequences. The red labels indicated the isolates from Purwokerto and the blue

labels indicated other strains from Indonesia. Arabic numbers in red denote the lineages.

Figure 3. Phylogeny of the most closely related DENV-2 Cosmopolitan genotype generated

by Bayesian inference method as implemented in BEAST using GTR+G+I evolution model

calculated using E gene sequences. The red labels indicated the isolates from Purwokerto and

the blue labels indicated other strains from Indonesia. Arabic numbers in red denote the

lineages.

Figure 4. Phylogeny of the most closely related DENV-3 genotypes generated by Bayesian
inference method as implemented in BEAST using GTR+G+I1 evolution model calculated
using E gene sequences. The red labels indicated the isolates from Purwokerto and the blue

labels indicated other strains from Indonesia. Arabic numbers in red denote the lineages.

Figure 5. Phylogeny of the most closely related DENV-4 genotypes generated by Bayesian
inference method as implemented in BEAST using GTR+G+I evolution model calculated
using E gene sequences. The red labels indicated the isolates from Purwokerto and the blue

labels indicated other strains from Indonesia. Arabic numbers in red denote the lineages.
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ABSTRACT

Background

Dengue is hyper-endemic in Indonesia. Purwokerto city in Central Java province is routinely
ravaged by the disease. Despite the endemicity of dengue in this city, there is still no data on
the virological aspects of dengue in the city. We conducted a molecular surveillance study of
the circulating dengue viruses (DENV) in Purwokerto city to gain information on the virus
origin, serotype and genotype distribution, and phylogenetic characteristics of DENV.
Methods

A cross-sectional dengue molecular surveillance study was conducted in Purwokerto. Sera
were collected from dengue-suspected patients attending three hospitals in the city. Diagnosis
was performed using dengue NS1 antigen and IgG/IgM antibodies detection. DENV
serotyping was performed using Simplexa Dengue real-time RT-PCR. Sequencing was
conducted to obtain full-length DENV Envelope (E) gene sequences, which were then used in
phylogenetic and genotypic analyses. Patients’ clinical and demographic data were collected
and analyzed.

Results

A total of 105 dengue-suspected patients’ sera were collected, in which 80 (76%) were
positive for IgM and/or IgG, and 57 (54.2%) were confirmed as dengue by NS1 antigen
and/or DENV RNA detection using RT-PCR. Serotyping was successful for 47 isolates. All
four serotypes circulated in the area with DENV-3 as the predominant serotype. Phylogenetic
analyses grouped the isolates into Genotype | for DENV-1, Cosmopolitan genotype for
DENV-2, and Genotype | and 1l for DENV-3 and -4, respectively. The analyses also revealed
the close relatedness of Purwokerto isolates to other DENV strains from Indonesia and
neighboring countries.

Conclusion
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In summary, we reveal the molecular and virological characteristics of DENV in Purwokerto,
Banyumas regency, Central Java. The genotype and phylogenetic analyses indicate the
endemicity of the circulating DENV in the city. Our serotype and genotype data provide
references for future dengue molecular epidemiology studies and disease management in the
region.

Keywords: Dengue; serotype; genotype; Purwokerto; Indonesia

1. Introduction
Dengue is considered as the most prevalent arthropod-borne viral disease in the world with

significant burden to people in tropical and subtropical regions [1]f}]. The clinical

manifestations of the disease range from the mild dengue fever (DF) to the more severe cases

of dengue hemorrhagic fever (DHF) and dengue shock syndrome (DSS) [2]1f2}. The disease is

caused by dengue virus (DENV), a positive-sense single stranded RNA virus member of

Flaviviridae family [3]f3}. The 10.7 kb RNA genome encodes three structural (C, prM/M, E)
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The diverse characteristics of the virus is depicted by the presence of four serotypes (DENV-
1, -2, -3, and -4), in which each serotype can be further divided into phylogenetically distinct

clusters termed genotypes [5,61{5:6}. These genotypes vary in their geographical

distributions, epidemic potential, fitness, and virulence [6,7]{6;7}.

Indonesia has been experiencing epidemic cycles of dengue since its first introduction

in the country in 1968 in Jakarta and Surabaya [8]f8}. The country suffered the highest

economic burden of dengue in Southeast Asia region [9]f9]. The frequent dengue cases is

often followed by increasing numbers of infections and severity which affected all 34

provinces in the country [8,10]f8;461. As most countries in Southeast Asia except Singapore

and Malaysia, dengue surveillance in Indonesia remains largely passive [11]f34]. Therefore,
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local surveillance is important to gain comprehensive information on dengue epidemiology
which can be used to improve control strategies and management of the disease.
Banyumas regency in Central Java, Indonesia is affected by dengue in an annual basis

[12]f22]. Purwokerto, the capital city of Banyumas has experienced frequent dengue

outbreaks with higher risks of dengue infection compared to other towns in surrounding area

in Banyumas regency [13]f3}. Apart of information on the socio-economic, epidemiology,

and vector data, to the best of our knowledge, there is still no report on the virological aspects
of dengue in this city where n—No data on circulating serotypes and diversity of the

genotypes are available. Previously, we have reportedFhe-nearest-area-with-thereported

dengue molecular and virological characteristics was-in Semarang in 2012, a city in Central

Java which resided approximately 200188 km from Purwokerto [14]. {athiscity—all four

genotype-for DENV-2and-Genotype-1-for BENV-3-In this study, we conducted a

prospective cross-sectional molecular surveillance study in Purwokerto to gain information
on DENV molecular characteristics, in particular the serotype distribution and genotype

diversity of DENV circulating in the city.

2. Materials and methods

2.1. Study design, study site and patient recruitment

We conducted a cross-sectional dengue molecular surveillance study in Purwokerto city,
Banyumas regency, Central Java, Indonesia. This city is located at the southern part of
Central Java, at the altitude of 75 m above sea level with 7°26” south latitude and 109°14°

east longitude. Patients-with-clinical-suspicion-of dengueDengue-suspected patients were

recruited from inpatients wards of three hospitals in the city, namely RSUD Prof. Dr.
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Margono Soekardjo central hospital, RSU Sinar Kasih, and RSU St. Elizsabeth during period
of June through August 2015. Inclusion criteria included patients with fever > 38°C during
the first five days of fever, accompanied with at least one clinical signs of dengue such as
rash, arthralgia, malaise, retro-orbital pain, signs of DHF or DSS. We excluded fever patients
with a clear symptoms of upper respiratory tract infections and/or obviously diagnosed as

non-dengue and unwilling to participate in this study. The hematology data were obtained

from the routine blood tests performed by the hospitals. All dengue positive cases were

categorized clinically either as DF, DHF, DSS, or expanded dengue syndrome according to

WHO-SEARO [15]6].

Peripheral venous blood was collected in serum separator tubes and taken to the laboratory
for serum separation. Serum was kept frozen at -80°C until analysis. Ethical approval for the
involvement of human participants was granted by the Research Ethics Commission of the

Faculty of Medicine, Universitas Jenderal Soedirman, approval No. 065/KEPK/IV/2015.

2.2. Dengue diagnosis, nucleic acid extraction and serotyping

The SD BIOLINE Dengue Duo rapid test (Dengue NS1 Ag + IgG/IgM) (Standard
Diagnostics, Alere, Korea) was used to detect the presence of NS1 antigen and 1gG/IgM
antibodies to DENV. Further serological diagnosis was performed using Panbio Dengue Duo
ELISA (Alere), in which the 1gG/IgM scores were used to determine the primary versus
secondary infection, performed according to the kit’s instructions. The DENV RNA was
extracted using MagNA Pure Total Nucleic Acid extraction kit (Roche, Mannheim,
Germany) and performed using automated MagNA Pure LC 2.0 extraction system (Roche),
according to protocol described by the manufacturer. The resulting RNA was then assayed

using Simplexa Dengue real-time RT-PCR_(DiaSorin, Saluggia, Italy) assay which

simultaneously detect the presence of DENV and its serotype [16]{251[+4124]. Strict controls | Field Code Changed
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were applied on RNA extraction and RT-PCR procedures to prevent cross-contamination. AH

| Field Code Changed

2.3. DENV E gene sequencing

The sequencing of DENV E genes were performed at Eijkman Institute’s sequencing facility,

using RNA directly extracted from patients’ sera. Superscript I11 Reverse Transcriptase
(Invitrogen-Thermo Scientific, Carlsbad, CA, USA) was used to reverse-transcribed the
DENV RNA into cDNA which was then PCR-amplified using Pfu Turbo DNA Polymerase
(Stratagene-Agilent Technologies, La Jolla, CA, USA). PCR-amplified DNA was purified
from 0.8% gel using QIAquick gel extraction kit (Qiagen, Hilden, Germany). The purified
amplicon was used in cycle sequencing reactions using eight overlapping primers for each
serotype from both strands and BigDyeDideoxy Terminator sequencing kits v.3.1 (Applied

Biosystems-Thermo Scientific), as described elsewhere [17]{161Af161(16]. Purified DNA
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was subjected to capillary sequencing performed on 3130xI Genetic Analyzer (Applied
Biosystems). Sequence reads were assembled using SeqScape v.2.5 software (Applied

Biosystems) with manual inspection performed where ambiguities observed.

2.4. Phylogenetic aAnalysis

Phylogenetic analysis was conducted by aligning full-length E gene sequences of Purwokerto
isolates with other publicly available DENV sequences worldwide retrieved from GenBank
as of March, 264620176. All nonrelated sequences were removed and finally 60 taxa which
are the most closely related to Purwokerto isolates were selected per serotype to clarify the
tree view. These sequences were subjected to robust phylogenetic analyses. Dataset for each

serotype was prepared using BEAULi v.1.8.3 graphical interface with the tip of each isolate
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calibrated using the year of isolation. Bayesian Markov Chain Monte Carlo (MCMC) method
was implemented for phylogenetic reconstruction and molecular clock analyses as
implemented in BEAST v.1.8.3 using General Time Reversible (GTR) model with four
Gamma parameters (G,4) and invariant (1) sites, relaxed uncorrelated lognormal molecular
clock and Bayesian skyline prior, with 100 million generations and sampled for every 1000"
iteration and 10% burn-in employed. The initial estimated evolutionary rate was set at 7.6 x

10 substitutions per site per year, as previously described [18][7}[481[47}[17}. MCMC

[ Formatted: Font: Times New Roman, 12 pt

trace was analyzed using Tracer v.1.5.0 to monitor adequate Effective Sampling Size (ESS)
for all parameters. TreeAnnotator v.1.8.3 was used to create Maximum clade credibility

(MCC) tree which visualized in FigTree v.1.4.0.

The classification of genotypes in each serotype was based on classifications by Goncalvez et

al. [19]f281[191F18]f18], Twiddy et al. [20]F191f20149149], Lanciotti et al.
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[21]1[201[241f201120], and Lanciotti et al. [22]f24][221F211121], for DENV-1, -2, -3 and -4,

respectively.

2.5. Statistical aAnalysis

Statistical analysis was performed using SPSS Statistics software, version 17.0 (SPSS « -

Inc., Chicago, IL); and R statistical software (http://www.r-project.orq). Pearson chi-squared

test was used to correlate the clinical manifestations and DENV serotypes. One-way ANOVA

test was used to compare groups of hematology data and DENV serotypes. A probability

value of p-<-0.05 was considered statistically significant.
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3. Results

3.1. Patients characteristics, clinical manifestation, and DENV serotypes

A total of 105 serum samples from dengue-suspected patients were collected during the
study. The age of the patients ranging from 3 to 65 years (mean + SD = 29.5 + 15.6 years).
Among them, 80 (76%) were positive for IgM and/or 1gG, and 57 (54.2%) were confirmed to
have dengue infection by NS1 antigen and/or DENV RNA detection using RT-PCR (82%

positivity e-dengue-cases-by RT-PCR and/or NS1 and 138% was-positivitye by NS1 only).

These confirmed cases occurred almost evenly among all age groups with most cases affected
adults aged between 21 and 30 years (Figure 1A). Forty-seven out of 57 confirmed cases
were positive for DENV by real-time RT-PCR. Among these 47 patients, 24 (51%) were
male and 23 (49%) were female. We observed more secondary infections (57%) compared to
primary infections (Table 1). Serotyping revealed the presence of all four DENV serotypes.
The DENV-3 was the predominant serotype (26 or 55%), followed by DENV-1 (11 or 23%)
and equal number of DENV-2 and -4 cases (5 or 11% each) (Figure 1B).

From 47 dengue-confirmed patients with known infecting serotypes, 28 (60%) were
DHF and 19 (40%) were DF. We did not find DSS and expanded dengue syndrome in this
study. Most of the patients (32 or 68%) experienced thrombocytopenia (platelet count

<100,000/uL), while severe thrombocytopenia (<50,000/uL) was observed in 15 patients
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(32%). The characteristics of the patients together with proportion of the infecting serotypes,

diagnosis, infection status, severity, and hematological data are shown in Table 1.

3.2. DENV genotypes and phylogenetic relationships
Full-length E gene sequences of 16 isolates, comprising all four serotypes, were successfully
obtained. The E gene sequences have been deposited into GenBank repository and granted

accession number of KY709181-KY709196. Three out of 11 DENV-1 isolates were
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‘ genotyped according to Goncalvez classification [19]{18}1191{18}{18] and identified as
Genotype | (Figure 2). Two of them were grouped together in a lineage which include

Indonesian strains imported to Taiwan and Okinawa-Japan in 2014

‘ [23,241f22:23}23.:241[22,23}{22,231 (Figure 2). The other DENV-1 Purwokerto isolate was

closely related to strain isolated in Tokyo-Japan in 2014. These isolates were grouped
together in a lineage consisting of strains from Indonesia city of Surabaya isolated in 2010
(Figure 2).

Among five DENV-2 isolates detected in this study, four were genotyped. All of these
isolates belonged to Cosmopolitan genotype according to Twiddy classification
J201EE9H 203193497 (Figure 3). Although grouped into single Cosmopolitan genotype and
collected within the same study time, these 4 isolates were further differentiated into three
distinct lineages. One isolate was closely related with strains from Bali isolated in 2011-2012
and grouped together with strains from Indonesian city of Makassar isolated in 2007-2008
J25]1F243F251F241F2471 and Singapore isolated in 2004 (Figure 3, lineage 1). Two isolates
formed a monophyletic lineage consisting of mostly strains from Indonesian Sumatra in 2010
[26]{25}261f25}f251 and Jakarta in 2009 (unpublished), Singapore, Brunei and China (Figure
3, lineage 2). The remaining isolate was grouped with other Indonesia strains from Sukabumi
isolated in 2012 [27]2A261[2A 2611261 and Jakarta in 2004 [28]1[28} {2 A28 2AF2#} and
2013 [29]{29}{28}{20}{28}{28}.

For DENV-3, seven out of 26 isolates were successfully sequenced and identified as

Genotype | (Figure 4) according to Lanciotti classification [21]1{203{21]1f20}{26]. Similar with

DENV-2, these isolates were also clustered into three different lineages. Two isolates were
grouped together and closely related to Indonesia strain from Surabaya in 2013

[30]{3612911301f2911291. Three isolates were grouped together in a lineage consisting of

strains from Jakarta, Bali and other city in Indonesia isolated from travelers returning to
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Western Australia [311{341{30}1[341{36136]. The remaining two isolates were grouped

together and closely related to strain from Semarang, Central Java [14]f34}[34} and strains
form another cities in Indonesia [26]{25}{26}f25}{251, as well as those from Malaysia
[32]F321341f32}{32} and China in 2010.

We genotyped two out of five DENV-4 isolates as Genotype Il according to Lanciotti
classification [22]{21}{22}{21}f21]. These isolates were grouped together with strains from
Indonesia, Southeast Asia, and Micronesia (Figure 5). One of them was closely related to th

strain from Bali in 2010 [31]{34}[30}{31}[306}}301, other city in Indonesia in 2009, and

imported cases in Taiwan in 2009 [32]{32}{34}{32}{32]. The other isolate was grouped

together with strain from Indonesia in 2010 [26]{25{26}{25}}25].

4. Discussion
Similar with many other urban areas in Indonesia, Purwokerto is endemic for dengue and

ravaged by the disease annually. While dengue is endemic, to the best of our knowledge, no

e

dengue virological data in Purwokerto have been reported. Therefore, our study provides the

first information on the serological profile, serotype distribution, virus genetic diversity and
the origins of the DENV circulating in the area.

In our study population, most (76%) of patients were positive for dengue IgM/IgG
antibodies while 54.2% of them were positive for NS1 antigen and/or RT-PCR detection.

Moreover, about 60% of patients were secondary infection._In our previous study, we

observed the seropositivity {as-eflgMpesitivity)-of samples from different cities/region in

<

Indonesia ranged from 38.5% to 93.1%, with the overall percentage for Indonesia was 73.7%

[33]1[331F32]. The seropositivity of 76% in Purwokerto city is still within the observed range
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were-confirmed-denguepesitive- by RT-PCR—Altogether, these reflect the considerable

burden of dengue in the community. As urbanized area, Purwokerto has a greater risk of

dengue infections compared to its surrounding area in Banyumas regency [13]{£3}.
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Urbanization becomes a prevalent factor for dengue infections as the city has become
economically more developed since the establishment of universities in the city which
increase the number of urban population, especially students, in the city.

In term of disease manifestation, we revealed the occurrence of both DF and DHF.

We observed majority of dengue cases (60%) were DHF. This was similar to study in

Semarang in 2012 in which 74% of the cases were DHF [14]{31}{31] -The relationship of

infecting serotype with clinical manifestation has been reported [34,

35]1133:341133:341133:34]. We did not find possible relationship of infecting serotype with

demography, hematology, and clinical manifestation (Table 1). We also did not find

correlation of infecting serotype with thrombocytopenia as previously reported in Singapore

[36]£361351{35}{35]. Association between DENV-1 and DENV-3 with primary infection

which has been reported in Thailand [35]1{35}{343{341{34], however, this was not observed in

Purwokerto. The possible relationship of clinical manifestation with demography and

hematology were also analyzed (data not shown). Again, no significant correlation was found

among them. We are aware that the limited sample size obtained in this study may affect the

reliability of the data analysis, therefore, no confident conclusion can be drawn for the
association of DENV serotypes with demography, clinical, and hematological data.
Our study was more focused on the virological aspects of DENV. To assess the

dynamic of DENV in Purwokerto, we compared our data with data from nearby city of
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Semarang (located about188 km from Purwokerto), because no historical virological data of
dengue in Purwokerto are available. We observed distinct serotype predominance between
the two cities. The majority of the DENV isolated in Semarang was DENV-1 [14](334}34}
while the most predominant serotype in Purwokerto was DENV-3. The history of DENV-3
predominance was recorded in several cities in Indonesia including Jakarta

[28][28}[27}[28}[27}[27], -and-Palembang [37]}37}{361}{36}{36], and Bali in 2015

38138137 In another nearby city of Bandung (about 244 km from Purwokerto), DENV-4
was the most frequent serotype detected, followed by DENV-3 as the second most detected

[39139H38I3ABARA. In other cities in Indonesia, different serotype predominance was

also observed such as in Jakarta in 2010 [40]f261f39], Surabaya in 2012 [41]f40], and Jambi

in 2015 [17]{16]. Altogether, these findings reveal demenstrate-the differing DENV serotype

predominantce in different cities and thus demonstrate in-trdenesia—Howeveritis-impertant

will-add-to-the spatial and temporal dynamics of DENV distribution in Indonesia-through

time.
Phylogenetic analysis was performed to determine the genotypes of DENV and the
origin and relationships with other DENV strains from other regions in Indonesia and
neighboring countries. Although Purwokerto DENV-1 viruses were grouped into single
genotype, i.e. Genotype I, apparently, they were separated into two lineages, suggesting the
genetic diversity of these strains. We did not find Genotype IV of DENV-1 which was

previously found in other cities in Indonesia, such as in Sukabumi [27]1{2A261[2A{261{26],

and Makassar [25]f24}f251f241241, and Surabaya [41]461. This finding enhances the notion

of possible lineage replacement in DENV-1 in Indonesia from Genotype 1V to Genotype | as

this genotype was recorded to replace the older Genotype IV in mere-recent studies in Jambi

in 2015 [17]{46}[17}{46][46], Sukabumi in 2013 [27][27}[26}{27}{26}{26], Semarang in 2012
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[14]F34334], Makassar (2007-2010) [25]f24}251f24124], and Surabaya in 2009
[42]f411{381{38}f38}.

The DENV-2 isolates from Purwokerto were identified as Cosmopolitan genotype.
These isolates were grouped together with other Indonesia strains and those from Southeast
Asia and China. Cosmopolitan genotype has been spread worldwide as it has been found in
Southeast Asia, India, Middle East, Africa and Australia [20]f19}1{20}{29}{29}. To date, this
genotype is the common genotype circulating in Indonesia and has been found in Palembang
[371E3A361{363{36], Jakarta [28]f28 2 A28 2Af2#, Surabaya
[41,42]f40:4311411F38H381f38], Semarang [14]{31H34], Makassar [25]{241{25}F24124],

Sukabumi [27]{27{261{271[261f261, Balif37]-and-Jambi [17]{16}[17]f161f16}, and Bali

[38]f38]. Based on the presence of various DENV-2 lineages in Purwokerto, it is plausible

that the strains had undergone a local evolution, resulting in more genetically divergent
strains as depicted by the presence of three separate lineages. One important finding about
DENV-2 isolates in Purwokerto is-that the presence of isolate that is closely related with
DENV-2 strains originated from Bali (Figure 3, lineage 1) that were associated with the large

outbreak in 2011-2012 [31]{34}30H341{30}{361. The fact that this lineage is also present in

Purwokerto may need to be continuously monitored for its potential to cause outbreak in the
region as has been reported in Bali.

The DENV-3 isolates were classified as Genotype I. This genotype was the common
genotype in Southeast Asia region [21]f201{21]{20}{26]. Similar to DENV-2, the DENV-3
isolates also show a considerable genetic diversity as depicted by the presence of three
distinct lineages. The Purwokerto DENV-3 isolates were closely related to other Indonesia

strains especially those from Semarang [14]{31}{31}, Jakarta [28]{28}2Af28}2A27], and
Surabaya [42]{41}{381f38}{38]. We did not observed the close-relatedness with DENV strains
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from outside Indonesia (except the imported cases in China), which suggest that these
predominant viruses were of local origin and not imported from other countries.
For DENV-4 isolates, phylogenetic analysis revealed that the two isolates were

grouped into Genotype 11 and formed two separate lineages. This genotype was frequently

‘ found in Southeast Asia and America [22]{21]{22}{211{21]. The Purwokerto’s DENV-4 | Field Code Changed
isolates were closely related to virus sampled in Indonesia in 2009 to 2010, and the imported

virus strain collected in Taiwan presumed to be originated from Indonesia in 2010

‘ [32]E321311£321132]. These phylogenetic data suggest the endemic nature of DENV-4 in | Field Code Changed
Purwokerto.
In conclusion, we provide the first molecular and virological characteristics of DENV
in Purwokerto, Banyumas regency, Central Java, Indonesia. Although the serotype
predominance of DENV in Purwokerto was different from the nearby cities, the genotypes of
the isolates were apparently similar to those commonly found in other cities in Indonesia. The

phylogenetic and genotypic analyses suggested that endemic-cycles-of-transmission-hasan

endemic cycle of transmission has been established in Purwokerto with all four DENV

serotypes circulatinge. DENV isolates imported from other countries was not detected. High
number of travel and urbanization might be the contributing factors to the distribution of
serotype and genotypes. Purwokerto is one of the transit route connecting cities in Java
Island, especially for land transport. Continuous DENV molecular and virological
surveillance efforts will be useful to further understand the dynamic of dengue disease in this

region and contributes to the disease prevention and management program.
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Table 1. Distribution of demographic and clinical parameters for RT-PCR confirmed dengue

patients in Purwokerto, Indonesia, 2015Demegraphy-and-chinical-data-of RT-PCR-confirmed

dengue-patients-in-Purwokerto-in-2015..
5 . N DENV-1 DENV-2 DENV-3 DENV-4 - [
arameters value~| F Tabl
(N=11) (N=5) (N=26) (N=5) pvalue’| Formatted Table
Gender
Male 24 5 2 15
0.781%
Female 23 6 3 11 3
Infection type
Primar 20 4 3 12
Y 0.578°
Secondary 27 7 2 14 4
NS1 antigen detection*
Positive 19 4 3 12
0.864°
Negative 26 7 2 14 3
Severity
DF 19 5 3 11
0.227°
DHF 28 6 2 15
Hematology data®
Thrombocyte (/ul) NA 88,182+68,111 | 123,200+73,916 | 75,209+48,474 | 77,400+48,624 | 0.376° [Formatted: Font: (Default) Times New
R 1
Hemoglobin (g/dL) NA 12.99+1.76 14.24%2.07 1384:1.67 | 12.44:138 | 0197° v ot

| Formatted: Font: 10 pt

*Two samples have no information of NS1 antigen detection
{ Formatted: Font: (Default) Times New

®Pearson Chi-squared test Roman, 10 pt

°Mean+STDEV

‘One Way ANOVA Test
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FIGURE LEGENDS:

Figure 1. The distribution of dengue cases in Purwokerto in 2015 determined by the age of

dengue-confirmed patients (A) and the percentage of circulating DENV serotypes (B).

Figure 2. Phylogeny of the most closely related DENV-1 genotypes generated by Bayesian
inference method as implemented in BEAST using GTR+G+I evolution model calculated
using E gene sequences. The red labels indicated the isolates from Purwokerto and the blue

labels indicated other strains from Indonesia. Arabic numbers in red denote the lineages.

Figure 3. Phylogeny of the most closely related DENV-2 Cosmopolitan genotype generated
by Bayesian inference method as implemented in BEAST using GTR+G+I evolution model
calculated using E gene sequences. The red labels indicated the isolates from Purwokerto and
the blue labels indicated other strains from Indonesia. Arabic numbers in red denote the

lineages.

Figure 4. Phylogeny of the most closely related DENV-3 genotypes generated by Bayesian
inference method as implemented in BEAST using GTR+G+I evolution model calculated
using E gene sequences. The red labels indicated the isolates from Purwokerto and the blue

labels indicated other strains from Indonesia. Arabic numbers in red denote the lineages.

Figure 5. Phylogeny of the most closely related DENV-4 genotypes generated by Bayesian
inference method as implemented in BEAST using GTR+G+I evolution model calculated
using E gene sequences. The red labels indicated the isolates from Purwokerto and the blue

labels indicated other strains from Indonesia. Arabic numbers in red denote the lineages.

20



Figure

A 14 -

12 +

10 -

12
10
9 9 9
8 - 7
6 -
4 -
2 A 1

0-10 11-20 21-30 31-40 41-50 51-60 61-70
Age group (years)

Cases

m DENV-1
B DENV-2
W DENV-3

DENV-4

N =

47



Figure

Figure 2

——— JQ993151/THAILAND/2007
———— KC861958/VIETNAM/2004
KJ806944/SINGAPORE/2013
JQ403519/TAIWAN/2009
JQ993141/THAILAND/2007
- JN415491/BALI-INDONESIA/2010
JF967875/INDONESIA/2009
JQ993111/THAILAND/2007
KC182107/LAOS/2008
KC182105/LAOS/2008
[ KT232191/CHINA/2014
L KJ545441/CHINA/2013
L KC182091/LAOS/2010
——— KM216680/BALI-INDONESIA/2010
KF052647/SUKABUMI-INDONESIA/2012
KC589008/SEMARANG-INDONESIA/2012
0.5 [ J§M216689/BALI-INDONESIA/2011
216681/BALI-INDONESIA/2010
KT175091/INDONESIA/2014
(FJ. 8 | #N415531/AUSTRALIA/2008
GQ357680/SINGAPORE/2008
KC762650/MAKASSAR-INDONESIA/2007
KC762647/MAKASSAR-INDONESIA/2010
— JF967877/INDONESIA/2009
JF967920/MALAYSIA/2010
#1029814/CHINA/2010 |
— KJB06960/SINGAPORE/2014
D1/ID/PWT-108/PURWOKERTO/2015 q
D1/ID/PWT-075/PURWOKERTO/2015
D:§$136298/TAIWAN12014
175093/INDONESIA/2014
KP298004/JAPAN/2014
KT453228/CHINA/2014
KJB06873/MALAYSIA/2014
HQ591556/VIETNAM/2008
K C861935/VIETNAM/2008
%98 )081266/SINGAPORE/2005
AB597973/SURABAYA-INDONESIA/2010
|)-\B597975/SURABAYA-lNDONESlAfzm0
0.97 | CO11947/JAPAN/2014
LD1/ID/PWT—OSB/PURWOKERTO/2015 2
L JQ993174/THAILAND/2006
FJ410204/VIETNAM/2007
_I_I_E5£482540NIETNAM/2006
=4 F967859/VIETNAM/2009
KJ470729/CHINA/2013
FJ687474/SOUTH KOREA/2007
AY732389/THAILAND/2001
EF654108/SOUTH KOREA/2005
GU131829/VIETNAM/2008

— 1

0.

_: AF425619/HAWALII/1945
AB074760/JAPAN/1943 = | |
AF425629/THAILAND/1963
Hos AF425622/MALAYSIA/1972 — | | |
|| R AF425613/BRAZIL/1982
) AF425621/JAMAICA/1977 V
053 7 KP723477/CHINA/2014
. AF425620/COTE D IVOIRE/1985 -
[ UB8535/NAURU/1974 ] |V
L AB074761/INDONESIA/1988

100

1920.0 1930.0 1940.0 1950.0 1960.0 1970.0 1980.0 1990.0 2000.0 2010.0 2020.0



Figure

Figure 3

KC762665/MAKASSAR-INDONESIA/2007

0.79 KC762661/MAKASSAR-INDONESIA/2007
KC762658/MAKASSAR-INDONESIA/2007

5 KM279514/SINGAPORE/2011
KC762660/MAKASSAR-INDONESIA/2007
— KC762655/MAKASSAR-INDONESIA/2007

0.

L— KC762656/MAKASSAR-INDONESIA/2007
508 EU081180/SINGAPORE/2005
— EU081179/SINGAPORE/2005

0.98

0.7

! i 5(5081 177/SINGAPORE/2005
I_[I‘ 081178/SINGAPORE/2005
JN851125/SINGAPORE/2005

—E JNB851128/SINGAPORE/2006
JN851129/SINGAPORE/2006

D2/ID/PWT-012/PURWOKERTO/2015 1
KJ184316/JAKARTA-INDONESIA/2013
KF052650/SUKABUMI-INDONESIA/2012
AY858036/JAKARTA-INDONESIA/2004

— HM488257/GUAM/2001

T D2/ID/PWT-076/PURWOKERTO/2015 2
!1 I: D2/ID/PWT-077/PURWOKERTO/2015
0.82 JN568272/SUMATRA-INDONESIA/2010
KF857538/JAKARTA-INDONESIA/2009

0.76
[— JF327392/SINGAPORE/2009
09 KC131142/CHINA/2012

JN568271/SUMATRA-INDONESIA/2009
EU179858/BRUNEI/2005
EU179857/BRUNEI/2005
°|§ 762670/MAKASSAR-INDONESIA/2007

762669/MAKASSAR-INDONESIA/2007
KC762668/MAKASSAR-INDONESIA/2008

= JN851127/SINGAPORE/2004
097 _&1851 123/SINGAPORE/2004

JN851126/SINGAPORE/2005

D2/ID/PWT-018/PURWOKERTO/2015 3
KC762673/MAKASSAR-INDONESIA/2008
KC762676/MAKASSAR-INDONESIA/2007
KC762675/MAKASSAR-INDONESIA/2008
KC762674/MAKASSAR-INDONESIA/2008
KC762677/MAKASSAR-INDONESIA/2008
JN851130/SINGAPORE/2005

—— AY858035/JAKARTA-INDONESIA/2004

— KP012546/CHINA/2014

1155 T187553/CHINA/2014
1 _E P723478/CHINA/2014
KT187554/CHINA/2014

KP723479/CHINA/2010
JX470186/CHINA/2010

0.52

KC762679/MAKASSAR-INDONESIA/2010

KC762680/MAKASSAR-INDONESIA/2010
C'5548264OJ’VIETNAM:’ZOOB
482672/VIETNAM/2006

—0.98 %762672/MAKASSAR-INDONESIA.’QDOB
1 [ 762671/MAKASSAR-INDONESIA/2008
1

EU179859/BRUNEI/2006
—DWBBSfi/CHINAIZOO:‘}
- LC111438/EAST TIMOR/2005
— AY037116/AUSTRALIA/1993

E KC964094/CHINA/1993
FJ196854/CHINA/1993

10.0 .

1985.0 1990.0 1995.0 2000.0 2005.0 2010.0 2015.0

Cosmopolitan



Figure

Figure 4

JN575579/AUSTRALIA/2009
EU448437/INDONESIA/2003
- KC762693/MAKASSAR-INDONESIA/2010
004 JF968070/INDONESIA/2009
JN029823/CHINA/2010
JF968071/INDONESIA/2009

—— AY858045/JAKARTA-INDONESIA/2004
KP191531/CHINA/2014

|O'EO = JN575564/AUSTRALIA/2008
- LC064747/INDONESIA-JAPAN/2015

F709425/SURABAYA-INDONESIA/2013

0o L KM216738/BALI-INDONESIA/2010
JF968087/INDONESIA/2009
DQ518677/INDONESIA/2003

AB189126/SUMATRA-INDONESIA/1998
AY265856/PALEMBANG-INDONESIA/1998
AY858039/JAKARTA-INDONESIA/1998

——— AY858043/JAKARTA-INDONESIA/2004
JNO30164/SINGAPORE/2008

—' —|1 E EU081223/SINGAPORE/2005
EU448438/MALAYSIA/2007

—— AB189125/SUMATRA-INDONESIA/1998
KC762684/MAKASSAR-INDONESIA/2007
KF709426/SURABAYA-INDONESIA/2013

{059 ) \575567/INDONESIA/2008
D3/ID/PWT-078/PURWOKERTO/2015

922 53/ID/PWT-112/PURWOKERTO/2015
98- D3/ID/PWT-024/PURWOKERTO/2015
K 1184317/JAKARTA-INDONESIA/2013
JN575560/INDONESIA/2010
- KM216737/BALI-INDONESIA/2010
[F JFo68005/INDONESIA/2010

1 oss
DQ518676/INDONESIA/1998
D3/ID/PWT-057/PURWOKERTO/2015

'D3/ID/PWT-087/PURWOKERTO/2015
KC589013/SEMARANG-INDONESIA/2012
JF968112/MALAYSIA/2010
JNO09098/CHINA/2010
JF968072/INDONESIA/2009

X JN575561/BALI-INDONESIA/2010
JF968090/INDONESIA/2009
AY858047/JAKARTA-INDONESIA/2004
AY265857/BANDUNG-INDONESIA/1998

DQ453979/EAST TIMOR/2005

E JN575566/EAST TIMOR/2000

ABG00933/INDONESIA/1988

L11428/INDONESIA/1985
_ﬁ FM986662/MALAYSIA/1997
- KC762686/MAKASSAR-INDONESIA/2007
AB600926/INDONESIA/1988

JF968086/MALAYSIA/2009

4EKJ 946243/PHILIPPINES/2008
DQ518672/TAIWAN/2005

0.93

100

1
_@DQM 8667/TAIWAN/1994
- AY496879/PHILIPPINES/1997

L11426/INDONESIA/1978
— L11620/THAILAND/1973

L11441/THAILAND/1986

1940.0

1950.0

1960.0

1970.0

1980.0

1990.0 2000.0 2010.0 2020.0

K
T |1 -E D3/ID/PWT-114/PURWOKERTO/2015 1
D3/ID/PWT-002/PURWOKERTO/2015

2

3




Figure

Figure 5

JF967765/INDONESIA/2008
'EU448460/INDONESIA/2006
JN575595/AUSTRALIA/2005
OQ?GSOOQGINEW CALEDONIA/2009
b INB32555/FRENCH POLYNESIA/2010
JN575587/F1J1/2008
JN575593/SOLOMON ISLANDS/2008
—— AY858050/JAKARTA-INDONESIA/2004
AB111088/INDONESIA/2002
EU448463/INDONESIA/2007
KM216747/BALI-INDONESIA/2011
PX024758/SINGAPORE/2010

JN544417/SINGAPORE/2011
JF967759/INDONESIA/2008
KC762698/MAKASSAR-INDONESIA/2008
JN029828/CHINA/2010
KP723480/CHINA/2010
JF967770/INDONESIA/2009
JN575586/EAST_TIMOR/2007
- AY858049/JAKARTA-INDONESIA/2004

KF052666/SUKABUMI-INDONESIA/2012
ED4fID/PWT-091!PURWOKERTO/2015 1
1 JN575589/INDONESIA/2010

M216739/JAVA-INDONESIA/2010

M216739/INDONESIA/2010
JF967781/INDONESIA/2010
55— LC064748/MALAYSIA/2014

FRI575590/MALAYSIA/2009
—— KR779790/SINGAPORE/2013
N575588/INDONESIA/2010
KM216744/BALI-INDONESIA/2010

0.56

0.95

- 0.56

D4/ID/PWT-113/PURWOKERTO/2015 2

KF052668/SUKABUMI-INDONESIA/2012

JF967768/INDONESIA/2009

JX878504/MICRONESIA/2012

b KF052667/SUKABUMI-INDONESIA/2012
JN575583/INDONESIA/2010
JF967779/INDONESIA/2010

EU448464/SINGAPORE/2001

FM986674/MALAYSIA/2002

L—— AY618993/THAILAND/2000

KC762697/MAKASSAR-INDONESIA/2007

— KP294214/CHINA/2012

L= JF967786/PHILIPPINES/2010

JN575585/EAST TIMOR/2000

061 AY618940/THAILAND/2001

DVU18433/PHILIPPINES/1956
_Lh_ DVU18434/PHILIPPINES/1964
DVU18435/PHILIPPINES/1984
T AY786201/VIETNAM/2001
KP292922/VIETNAM/2013

1  EU448455/CAMBODIA/2005
; 4|:r— JND19829/SINGAPORE/2009
KF955522/THAILAND/2006

! DVU18441/THAILAND/1978
——————DVU18437/SRI LANKA/1978
JF262783/INDIA/1961

10.0

1940.0 1950.0 1960.0 1970.0 1980.0 1990.0 2000.0 2010.0 2020.0




