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Abstract

A high number of dengue cases are reported annually in Bali. Despite the endemicity, limited

data on dengue is available for Bali localities. Molecular surveillance study was conducted

to explore the clinical and virological characteristics of dengue patients in urban Denpasar

and rural Gianyar areas in Bali during the peak season in 2015. A total of 205 adult dengue-

suspected patients were recruited in a prospective cross-sectional study. Demographic and

clinical information were obtained, and dengue screening was performed using NS1 and

IgM/IgG ELISAs. Viral RNA was subsequently extracted from patients’ sera for serotyping

using conventional RT-PCR and Simplexa Dengue real-time RT-PCR, followed by genotyp-

ing with sequencing method. We confirmed 161 patients as having dengue by NS1 and RT-

PCR. Among 154 samples successfully serotyped, the DENV-3 was predominant, followed

by DENV-1, DENV-2, and DENV-4. Serotype predominance was different between Denpa-

sar and Gianyar. Genotyping results classify DENV-1 isolates into Genotype I and DENV-2

as Cosmopolitan Genotype. The classification grouped isolates into Genotype I and II for

DENV-3 and DENV-4, respectively. Clinical parameters showed no relationship between

infecting serotypes and severity. We observed the genetic diversity of circulating DENV iso-

lates and their relatedness with historical data and importation to other countries. Our data

highlights the role of this tourist destination as a potential source of dengue transmission in

the region.

Author summary

Dengue is the most significant mosquito-borne viral disease affecting humans. Up to one

third of the world population is at risk of dengue virus (DENV) infection, transmitted

through the bite of Aedes mosquitoes. Bali, a well-known international tourist destination,

is regularly ravaged by dengue disease. This disease impacts the health of both local people

and visitors thus imposing a heavy economic burden. Bali has a constant flow of travelers
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and labors that contribute to the spread of DENV infection. Detailed characterization of

DENV from Bali is limited; most reports are from travel-acquired cases. Here, we study

dengue clinical and virological aspects in local Balinese people. We presented the clinical

spectrum of the disease and the virological characteristics, observing the circulation of

genetically diverse endemic virus strains including strains which are closely related to

imported viruses in neighboring countries. The circulation of a lineage of DENV-2 pro-

posed to cause outbreak in the past is also identified. Our study provides data on the

genetic of circulating DENV in Bali which are useful for further applications, such as to

monitor the virus transmission and outbreak investigation in the region.

Introduction

Dengue is the most important arthropod-borne disease affecting humans with high incidence

in tropical and subtropical countries. It is estimated that 390 million infections occur annually

and over 70% of the world population is at risk of being infected by dengue viruses (DENVs)

[1]. Dengue can manifest complex clinical features; infection with any of the four antigenically

distinct DENVs may lead to a range of clinical manifestations, which vary in severity from

classic dengue fever (DF) to a more severe and fatal dengue hemorrhagic fever (DHF) and

dengue shock syndrome (DSS) [2]. DENV, a member of the Flaviviridae family, consists of a

10.7 kb single-stranded positive-sense RNA genome encoding three structural (C, prM/M, E)

and seven non-structural (NS1,NS2A, NS2B, NS3, NS4A, NS4B, NS5) proteins [3]. The sub-

stantial genetic diversity of DENV is shown by the presence of various genotypes within the

four DENV serotypes (DENV-1, -2, -3, and -4) [4,5].

Bali is a well-known international tourist destination located in the tropical country of

Indonesia and is regularly affected by dengue disease. This disease affects the health of both

local people and visitors imposing a heavy economic burden [1,6]. It has been reported that

Bali has a constant flow of labor and travelers that contribute to the spread of DENV infection

[7]. Major outbreaks occurred in 2010 and 2015 with 12,574 (including 35 fatalities) and

10,704 (28 fatalities) reported dengue cases, respectively (Dinas Kesehatan Provinsi Bali/Bali

Provincial Health Office).

Previous reports documented the hyperendemic transmission of all four DENV serotypes

in Bali during 2010, and the circulating DENV included the dominant local strains which had

circulated for several years, as well as strains more recently introduced into Bali [8]. This trans-

mission created substantial DENV diversity and serve as a hub for dengue transmission and

mixing in Bali [8]. Most of the reports of dengue in travelers returning from Indonesia have

implicated Bali as the source of importation [8–10]. All four DENV serotypes were detected

from travelers entering Western Australia between 2010–2012, mostly from Bali [8]. It has also

been reported that highest proportion (24.6%) of imported dengue cases of travelers in

Queensland, Australia originated from Indonesia [11]. Despite the year-round transmission

and large cyclical outbreaks observed in travelers from Bali, no substantial data of clinical and

genetic features of dengue in local Balinese people are currently available.

To obtain comprehensive data on dengue disease in local Balinese, we have conducted

molecular surveillance to characterize clinical aspects and genetic diversity of the DENVs cir-

culating in Bali during the high dengue season in 2015. We report here the demographic, clini-

cal, hematological, and virological characteristics of dengue in adult hospitalized patients in

two geographically different regions, namely the urban Denpasar municipality and rural

Gianyar regency. The data will be beneficial for the control of this disease in Bali and also
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highlights the potential of this island as the source of imported dengue cases to other parts of

the world.

Materials and methods

Ethics statements

The study protocol was approved by the Medical Research Ethics Committee of Faculty of

Medicine Udayana University/Sanglah Central General Hospital, Bali Indonesia with approval

No. 122/UN.14.2/Litbang/2015.

Study site, patient recruitment, and sample collection

The cross-sectional prospective study was conducted during the period of March to May 2015.

Samples were collected from Wangaya (WGY) and Sanjiwani (SJN) General Hospitals which

are located in Denpasar municipality and Gianyar regency, respectively. Denpasar and Gia-

nyar were recorded as the regions with the highest dengue incidents in Bali in 2014 [12]. Inpa-

tients (above 14 years) presenting at the adult wards with fever>38˚C accompanied by at least

one sign of dengue such as malaise, arthralgia, rash, retro-orbital pain, DHF or DSS were

enrolled in the study after providing written informed consents. We excluded patients with

history of chronic illnesses, such as chronic liver disease, diabetes mellitus, chronic kidney dis-

ease, chronic lung disease, human immunodeficiency syndrome, and cardiac disease. Sera

were collected during the acute phase (within the first five days of illness) and before discharge

from the hospital. Each patient’s demographic, clinical and hematological data as well as dis-

ease severity according to the WHO-SEARO 2011 guidelines were recorded [13].

DENV NS1 antigen detection and serological tests

The preliminary screening for DENV in patients’ sera was performed using the SD Bioline

NS1 rapid test (Alere, Australia), according to the manufacturer’s instructions. Serological

tests were performed using Panbio Dengue Duo IgM/IgG Capture ELISA (Alere). The serolog-

ical test results were used to determine the primary/secondary infection status of patients, as

described previously [14]. Confirmation using Panbio IgG indirect ELISA (Alere) was also

performed, in which the presence of previous IgG antibody to DENV would indicate second-

ary infection.

RNA extraction and RT-PCR detection and serotyping

DENV viral RNA was extracted from acute serum samples using QIAmp Viral RNA Mini kit

(Qiagen, Hilden, Germany) according to the manufacturer’s instructions. The DENV detec-

tion and serotyping was carried out according to the two step protocol as previously described

by Lanciotti et al.[15] with some modification [16]. The more sensitive Simplexa Dengue

(Focus Diagnostics, Cypress, USA) qRT-PCR was used as a confirmatory assay to simulta-

neously detect and serotype DENV as previously described [17].

DENV envelope gene sequencing

Samples were genotyped based on Envelope (E) gene. DENV RNA was reverse-transcribed

into cDNA using Superscript III reverse transcriptase (Invitrogen-Life Technologies) and then

PCR-amplified using Pfu Turbo Polymerase (Stratagene-Agilent Technologies)[18]. PCR

products were purified from 0.8% agarose gel using the QIAquick gel extraction kit (Qiagen)

and cycle sequencing reactions were performed using six overlapping primers for each sero-

type from both strands with Big Dye Dideoxy Terminator sequencing kits v3.1 (Applied
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Biosystems-Life Technologies), as described previously [18]. Purified DNA was subjected to

capillary sequencing performed on 3130xl Genetic Analyzer (Applied Biosystems). Sequence

reads were assembled using SeqScape v.2.5 software (Applied Biosystems) with manual inspec-

tions employed whenever ambiguities were present. Sequence contigs were generated and

used in subsequent analyses.

DENV genotype analyses

Genotyping of DENV 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. Envelope

gene sequences of Bali isolates together with other representative sequences downloaded from

GenBank were aligned using MUSCLE in MEGA 6.0 software (http://www.megasoftware.net/

). The initial dataset was prepared using BEAUti graphical interface and the tip of each isolate

calibrated using the year of isolation as calibration point. Phylogenetic tree was inferred based

on selection of statistical model for likelihood calculation optimized for Maximum Likelihood

(ML) tree using jModelTest v.2.1.4 [23]. Phylogenetic reconstruction and evolutionary rate

analysis were performed using Bayesian Markov chain Monte Carlo (MCMC) method as

implemented in BEAST v.1.8.2 [24]. Runs were performed using General Time Reversible

(GTR) model with four gamma parameters (GTR + Γ4) and relaxed uncorrelated lognormal

molecular clock using the initial estimated evolutionary rate of 7.6 x 10−4 substitutions per site

per year, as previously described [25]. The tree prior was set as coalescent bayesian skyline

prior, to facilitate the fewest demographic assumptions. One hundred million chains were run

and sampled for every 1000th iteration, with 10% burn-in employed. The convergence of

parameters was analyzed using Tracer v.1.5.0 to ensure adequate Effective Sampling Size (ESS)

for all parameters. Maximum clade credibility (MCC) tree was created using TreeAnnotator

v.1.8.2 and visualized in FigTree v.1.4.0.

Statistical analysis

Pearson’s Chi-square or Fisher’s Exact tests were used to compare univariate categorical data.

Parametric One-way ANOVA or non-parametric Kruskal-Wallis tests were used to compare

groups of laboratory test results within DENV serotypes. The regression analyses were per-

formed using modified Poisson regression or the ordinal logistic regression with adjustment

of clinically relevant potential covariates, i.e. age, gender, recruitment site, infection status, and

fever at day of presentation. A probability value of p< 0.05 was considered statistically signifi-

cant. All statistical analyses were performed using Stata version 12 (StataCorp, TX).

Accession numbers

The complete E gene sequences of 28 DENV isolates were deposited in GenBank repository

and granted accession numbers KY006129 to KY006156 (Supplementary S1 Table).

Results

Patient characteristics

A total of 205 dengue-suspected cases were recruited from two hospitals in Bali Province. This

comprises of 99 (48.3%) and 106 (51.7%) samples from Wangaya General Hospital, Denpasar,

and Sanjiwani General Hospital, Gianyar respectively. The majority of the patients were

recruited on day 4 or 5 of illness. The median age of the patients was 29 years, with a total

range of 14–80 years. Equal proportions of male and female were observed with no significant

Dengue in Bali
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differences in terms of gender and age (Table 1). Two patients did not meet the inclusion crite-

ria and were excluded from analysis.

The NS1 antigen detection confirmed 154 (75.9%) cases of dengue infection. Further con-

firmatory tests using RT-PCR were performed on NS1-negative samples and resulted in seven

additional dengue-confirmed samples, for a total number of 161 (79.3%). Serology testing

revealed that the majority of the cases were of secondary infection (83.8%) while the remaining

16.2% were of primary infection (Table 1).

DENV serotype distribution

We successfully serotyped 154 out of 161 (95.6%) dengue-confirmed samples. All four serotypes

were found to circulate in Bali during the study period. DENV-3 was predominant (48%), fol-

lowed by DENV-1 (28%), DENV-2 (17%), and DENV-4 (4%). Five samples (3%) were detected

as mixed infection of two different serotypes (DENV-1 and -2 and DENV-1 and -3). The pre-

dominance of DENV-3 was evident in both study sites. However, there were differences in the

proportions of the other serotypes (Table 1). While six DENV-4 were found in Denpasar, the

presence of DENV-4 in Gianyar was only detected as one case of mixed infection with DENV-

3. The distribution of dengue serotypes between two regions was significantly different (p =
0.008) based on univariate statistical analysis. Other variables i.e. sex, age, and infection status

were not significantly different between serotypes (Table 1).

Clinical manifestations, hematological parameters, and disease severity

Analysis of dengue clinical manifestations and hematological parameters were performed

excluding the DENV-4 and mix infection cases due to the small sample size. Following the

adjustment based on age, gender, infection status, site of study, and day of fever by the time of

presentation, we observed no correlation between clinical manifestations and the infecting

serotypes. The statistical analysis indicated that DENV-2-infected patients were likely to

have 0.23 times the risk of loss of appetite compared to infection with other serotypes (95%

CI = 0.07–0.75) (Table 2). The only hematological parameter difference between dengue

Table 1. Demographic characteristics and diagnosis of study participants related to the infecting DENV serotypes.

Variables DENV-1 DENV-2 DENV-3 DENV-4 Mix p value

N = 43 (%) N = 26 (%) N = 74 (%) N = 6 (%) N = 5 (%)

Sex

Male 19 (44.2) 10 (38.5) 32 (43.2) 3 (50.0) 4 (80.0) 0.549

Female 24 (55.8) 16 (61.5) 42 (56.8) 3 (50.0) 1 (20.0)

Age

Adult (14–50 yr.) 36 (83.7) 26 (100.0) 66 (89.2) 5 (83.3) 4 (80.0) 0.243

Elderly (>50 yr.) 7 (16.3) 0 (0.0) 8 (10.8) 1 (16.7) 1 (20.0)

Study site

Denpasar 14 (32.6) 12 (46.2) 41 (55.4) 6 (100.0) 1 (20.0) 0.008

Gianyar 29 (67.4) 14 (53.8) 33 (44.6) 0 (0.0) 4 (80.0)

NS1 antigen detection

NS1 positive 41 (95.3) 22 (84.6) 73 (98.6) 6 (100.0) 5 (100.0) 0.054

NS1 negative 2 (4.7) 4 (15.4) 1 (1.4) 0 (0.0) 0 (0.0)

Infection status

Primary 8 (18.6) 3 (11.5) 13 (17.6) 1 (16.7) 0 (0.0) 0.797

Secondary 35 (81.4) 23 (88.5) 61 (82.4) 5 (83.3) 5 (100.0)

https://doi.org/10.1371/journal.pntd.0005483.t001
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serotypes was higher diastolic blood pressure in patients infected with DENV-1 (p = 0.042)

(Table 3). In terms of disease severity, 75 patients (52.4%) were DF with the remaining 68

(47.6%) patients classified as DHF, where four patients were identified as DHF grade III (DSS)

with hematemesis. Similarly, we did not find any correlation between disease severity and the

infecting serotype (Table 4).

DENV genotypes distribution

To determine the genotypes of DENV within each serotype in Bali in 2015, we performed gen-

otyping based on E gene sequences. We successfully obtained complete sequences of E gene

Table 2. Clinical parameters observed in dengue patients in relation to the DENV serotypes*.

Variables DENV-1 (N = 43) DENV-2 (N = 26) DENV-3 (N = 74)

N (%) RR (95% CI) N (%) RR (95% CI) N (%) RR (95% CI)

Malaise 41 (95.3%) 1.45 (0.28–7.64) 24 (92.3%) 2.44 (0.40–14.90) 68 (91.9%) 0.79 (0.29–2.15)

Nausea 36 (83.7%) 0.69 (0.25–1.93) 23 (88.5%) 2.19 (0.46–10.35) 66 (89.2%) 1.03 (0.41–2.54)

Loss of appetite 39 (90.7%) 1.72 (0.51–5.79) 18 (69.2%) 0.23 (0.07–0.75) 62 (83.8%) 1.26 (0.59–2.72)

Headache 35 (81.4%) 1.14 (0.43–3.02) 18 (69.2%) 0.79 (0.27–2.29) 53 (71.6%) 1.01 (0.54–1.90)

Myalgia 30 (69.8%) 0.97 (0.41–2.26) 16 (61.5%) 1.57 (0.50–4.97) 43 (58.1%) 0.93 (0.50–1.73)

Vomiting 22 (51.2%) 0.78 (0.38–1.59) 14 (53.8%) 0.79 (0.33–1.93) 44 (59.5%) 1.19 (0.70–2.02)

Arthralgia 26 (60.5%) 0.89 (0.38–2.09) 11 (42.3%) 0.42 (0.14–1.32) 39 (52.7%) 1.27 (0.69–2.34)

Abdominal pain 16 (37.2%) 1.13 (0.55–2.32) 11 (42.3%) 2.16 (0.79–5.95) 16 (21.6%) 0.70 (0.37–1.32)

Retro-orbital pain 12 (27.9%) 1.00 (0.46–2.17) 8 (30.8%) 2.75 (0.85–8.84) 16 (21.6%) 0.77 (0.39–1.51)

Bleeding 13 (30.2%) 1.57 (0.78–3.13) 3 (11.5%) 0.59 (0.17–2.05) 14 (18.9%) 0.81 (0.44–1.50)

*Analysis was performed excluding DENV-4 and mix infection groups due to small sample size. Relative risk (RR) and confidence intervals (CI) were

calculated based on modified Poisson regression adjusted for age, gender, primary/secondary infection, recruitment site, and fever day at presentation.

https://doi.org/10.1371/journal.pntd.0005483.t002

Table 3. Vital signs and hematological parameters in relation to the DENV serotypes*.

Variables DENV-1 (N = 43) DENV-2 (N = 26) DENV-3 (N = 74)

Median p value Median p value Median p value

(Range) (Range) (Range)

Temperature (oC) 37.7 0.530 37.7 0.582 38 0.333

(35.7–40) (36–39.3) (36–40)

Systolic blood pressure (mmHg) 110 0.196 110 0.277 110 0.135

(90–140) (90–120) (80–170)

Diastolic blood pressure (mmHg) 80 0.042 70 0.807 70 0.107

(60–90) (60–80) (50–110)

Pulse/minute 82 0.121 84 0.899 84 0.426

(66–100) (78–110) (72–108)

Platelet count nadir (109/L) 44 0.234 36 0.764 29.5 0.374

(9–101) (10–105) (6–130)

White blood cells count (109/L) 2.2 0.817 2.0 0.321 2.1 0.599

(0.6–3.94) (0.8–3.95) (0.6–6.4)

Hematocrit level (%) 43.2 0.886 41.9 0.892 41.9 0.920

(34–81.8) (29.4–51.1) (33.5–79.1)

Hemoglobin (g/dL) 15.2 0.360 14.3 0.175 14.8 0.752

(12.1–19.5) (10.8–16.8) (11.6–19.6)

*Analysis was performed excluding DENV-4 and Mix groups due to small sample size.

https://doi.org/10.1371/journal.pntd.0005483.t003
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from 28 patients’ sera. Of 43 DENV-1 isolates, 10 (23.3%) were successfully PCR-amplified for

their E genes. Phylogenetic analysis revealed that all 10 isolates were grouped into Genotype I

based on Goncalvez [19] classification (Fig 1). Although grouped in a single genotype, the 10

Bali DENV-1 isolates were further differentiated into six lineages. It was also notable that the

Genotype IV isolates that were present in Bali in 2010 (Fig 1) were not found in this study.

For DENV-2, five isolates were successfully genotyped out of 26 isolates. Phylogenetic anal-

ysis revealed that all of these five isolates belonged to Cosmopolitan genotype according to

Twiddy [20] classification (Fig 2). These five viruses of three distinct lineages formed a mono-

phyletic clade with previous Bali isolates circulating in 2010 [8].

We also genotyped 10 isolates of DENV-3 which were grouped as Genotype I based on Lan-

ciotti [21] classification and were further differentiated into two major lineages (Fig 3). Both

lineages appeared to have different ancestral origin from other DENV-3 isolated in Bali in

2010.

For DENV-4, from six isolates serotyped, three isolates were successfully sequenced and

genotyped. Following Lanciotti classification [22], all three viruses were grouped as Genotype

II (Fig 4). Two separate lineages were observed, and the Bali 2015 isolates formed a monophy-

letic clade with Bali 2010 isolates as well as other Indonesia isolates from Sukabumi, Makassar,

and Jakarta. A grouping with DENV isolates imported to Taiwan was also observed.

Discussion

Bali Province is an island of approximately 5,780 km2 in area and located in the tropical cli-

mate zone (latitude -8.4095178 and longitude 115.188916). Having one municipality and eight

regencies, the province is inhabited by 3,995,281 residents [12]. The data provided by the Pro-

vincial Health Office showed fluctuating numbers of dengue cases during the period of 2009 to

2015. We conducted the first virological investigation of dengue in Bali to determine the geno-

mic diversity and its relation to the clinical manifestations.

In this study, we confirmed 79.3% (161/203) of patients as dengue positive, suggesting the

considerable burden of dengue in the community. The majority (83.8%) of the confirmed

cases were of secondary dengue infection based on serology results. This result was as expected

since the recruited patients were adults with more prolonged exposure to dengue infection in

the past. This number confirmed the endemicity of dengue in Bali.

All four DENV serotypes were found circulating in Bali in 2015. The most prevalent sero-

type was DENV-3, followed by DENV-1, DENV-2, and DENV-4. With lack of molecular data

for the dengue virus in Bali, no comparison could be made to the current predominant sero-

types identified in our study. The predominance of DENV-3 has been reported in Indonesia

[26–28]. In our molecular surveillance, we observed the rise of DENV-1 infection as the sec-

ond most common serotype. Serotype replacement has been described in a number of reports

[14,18,29,30]. However, further surveillance is needed to monitor the dynamics of DENV in

Table 4. Relationship between DENV serotypes and disease severity*.

Variables N DF DHF

N (%) RR (95% Cl) aRR (95% Cl) N (%) RR (95% Cl) aRR (95% Cl)

DENV-1 43 26 (60.5) 0.95 (0.41–2.19) 1.24 (0.74–2.06) 17 (39.5) 1.09 (0.37–3.23) 0.77 (0.43–1.39)

DENV-2 26 12 (46.2) 0.73 (0.29–1.84) 0.93 (0.48–1.80) 14 (53.8) 1.48 (0.49–4.50) 1.07 (0.57–1.99)

DENV-3 74 37 (50) 0.79 (0.66–1.24) 1.00 (NA) 37 (50) 1.10 (0.80–1.51) 1.00 (NA)

*Relative risk (RR) and confidence intervals (CI) were calculated based on modified Poisson regression and adjusted (aRR) for age, gender, primary/

secondary infection, recruitment site, and fever day at presentation. NA, not applicable.

https://doi.org/10.1371/journal.pntd.0005483.t004
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Bali in order to confirm this phenomenon. Although the two study sites (the Denpasar munici-

pality and Gianyar Regency) are only about 28 km apart, statistical analysis showed that the

distribution of the serotypes between the two regions was significantly different (p = 0.008).

This discrepancy may have resulted from the different demographic profile of the sites. Sanji-

wani Hospital is a referral hospital for the Gianyar regency in eastern part of Bali which mostly

consisted of rural areas with less dense population (1345 people per km2), while the patients

admitted to Wangaya Hospital, Denpasar mostly resided in densely populated areas around

Denpasar (population density 6891 people per km2) [12] which is also a major domestic and

Fig 1. Phylogenetic tree and genotype classification of DENV-1 isolates from Bali generated using Bayesian inference method

based on E gene sequences. The Bali 2015 isolates (red font) were grouped into Genotype I based on classification by Goncalvez et al.

[19], together with previous strains from Bali (blue font). Arabic numbers denote lineage grouping. The posterior probabilities of the clades

were indicated as numbers in the node labels.

https://doi.org/10.1371/journal.pntd.0005483.g001
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international tourist destination. The different population density may account for the differ-

ent transmission profile of particular serotypes, as has been observed in Viet Nam [31].

On the clinical aspect of dengue in Bali, a higher number of patients with DF was observed

rather than DHF (Table 1), even though the majority of the patients were adults with second-

ary infection. It was reported that secondary infection is a risk factor for increased severity

[32]. However, we did not observe a correlation between the higher number of secondary

infection and increased severity as in other studies [33].

Fig 2. Phylogenetic tree and genotypes classification of DENV-2 isolates from Bali generated using Bayesian inference method based on

E gene sequences. The Bali 2015 isolates (red font) were grouped into the Cosmopolitan Genotype based on classification by Twiddy et al. [20],

together with previous strains from Bali (blue font). Further lineages were classified according to Ernst et al. [8] (in Arabic numbers). The posterior

probabilities of the clades were indicated as numbers in the node labels.

https://doi.org/10.1371/journal.pntd.0005483.g002
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The effect of serotypes on clinical manifestations of dengue fever in adults has been re-

ported [34,35]. A previous study in adults in Singapore reported that joint pain and red eyes

were associated with DENV-2 and DENV-1, respectively [36]. Within all the clinical variables

observed, we found the loss of appetite as the only parameter with significant correlation with

Fig 3. Phylogenetic tree and genotype classification of DENV-3 isolates from Bali generated using Bayesian inference method

based on E gene sequences. The Bali 2015 isolates (red font) were grouped into Genotype I based on classification by Lanciotti et al.

[21], together with previous strains from Bali (blue font). Arabic numbers denote lineage grouping. The posterior probabilities of the clades

were indicated as numbers in the node labels.

https://doi.org/10.1371/journal.pntd.0005483.g003
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DENV-2 (Table 2). Similarly, the only vital signs and hematological parameters that signifi-

cantly correlated with different serotypes was higher diastolic blood pressure observed in

DENV-1-infected patients (Table 3) which was not reported in the published literature. Inter-

estingly, we did not find a correlation between thrombocytopenia and infecting serotype, as

observed in other studies conducted in adults [36,37]. In addition, there was no correlation

between other clinical parameters and the disease severity (Supplementary S2 Table).

In terms of virological aspects, the DENV E gene sequences for 28 representative isolates

were generated. This provides DENV genetic data from Bali that will be useful for various

applications such as molecular epidemiology studies and outbreak investigations. Phylogenetic

analysis revealed that all of the 10 DENV -1 isolates were grouped into Genotype I (Fig 1). The

isolates were closely related to Bali strains from imported cases to Australia in 2010 [9] and

Fig 4. Phylogenetic tree and genotypes classification of DENV-4 isolates from Bali generated using Bayesian inference method

based on E gene sequences. The Bali 2015 isolates (red font) were grouped into Genotype II based on classification by Lanciotti et al. [22],

together with previous strains from Bali (blue font). Arabic numbers denote lineage grouping. The posterior probabilities of the clades were

indicated as numbers in the node labels.

https://doi.org/10.1371/journal.pntd.0005483.g004
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2011 [8] and Japan [10] and strains from other cities in Indonesia i.e. Makassar [18] and Sura-

baya [29]. The genetic diversity of DENV-1 in Bali is extensive as shown by the presence of

multiple lineages within Genotype I group (Fig 1). In this study, we did not find the other

DENV-1 genotype (Genotype IV) known to circulate in Bali in 2010 [38] and other cities in

Indonesia as well as in imported cases to other countries. The absence of Genotype IV in Bali

together with genotype replacement is similar to that seen with the Jambi dengue outbreak

[30], and other cities of Indonesia [18,29]. Altogether, our data suggest the ongoing replace-

ment of DENV-1 Genotype IV by Genotype I in Bali.

The Cosmopolitan DENV-2 isolates were further clustered into different lineages and closely

related to the imported dengue cases to Australia during 2009–2011 [8]. Several lineages have

been reported within the Cosmopolitan genotype of DENV-2 from imported cases to Australia,

mostly from Bali [8]. Following the lineage numbering, Bali 2015 isolates were clustered into

lineages 3, 4, and 5 (Fig 2). Of the five Bali DENV-2 isolates sequenced, three isolates belong to

this lineage. The lineage 4 has been described to have emerged during a major outbreak in Bali

in 2011–2012 [8]. Isolates from Denpasar and Gianyar were grouped into this lineage, reflecting

the spread of this lineage in Bali. Our study confirms the active circulation of this particular line-

age in Bali and the potential active transmission and exportation to other regions.

Contrary to the data reported by Ernst et al [8] which showed the predominance of DENV-

2 in Australian travelers visiting Bali in 2010, DENV-3 was the predominant serotype in Bali

in 2015, indicating the shifting of serotypes in Bali. DENV transmission is dynamic and sero-

types have been known to show cyclical predominant pattern which may correlate with herd

immunity [39]. Genetically, ten isolates of Bali DENV-3 were grouped into Genotype I (Fig 3)

which is the common DENV-3 genotype found in Indonesia [14,18,30,40,41]. The Bali 2015

isolates were grouped together with isolates of imported cases to Australia and Taiwan and

those from Surabaya and Jakarta [9,41–43] The Bali 2015 DENV-3 isolates apparently were

not as divergent as DENV-1 and -2, in which only two major lineages were observed. This

might suggest that the DENV-3 that caused outbreaks in Bali were the local/endemic strains

that have been circulating in the region for decades and not those introduced from outside of

Indonesia. DENV-4 was the least prevalent in Bali, in which only six isolates were found.

Among these, three isolates were grouped into Genotype II (Fig 4) which is commonly found

in Indonesia [14,18,40,41]. The isolates were closely related to imported dengue cases to Aus-

tralia and isolates from Sukabumi, a city in West Java Province [9,40]. Again, we did not

observe any introduced DENV-4 strains in Bali which suggests that the DENV-4 in Bali were

the local and endemic strains.

In summary, our study provides the first detailed information on the clinical and virological

features of dengue in two areas in Bali with the highest dengue cases in 2015. Our study has

some limitations related to potential selection bias based on recruitment criteria as only adults

were enrolled, a relatively small number of samples were collected; and the time period of col-

lection was limited. Nevertheless, we confirmed the hyperendemicity of all four DENV sero-

types where the circulating DENV included dominant local strains which were in circulation

for several years and were related to recent imported dengue cases to other countries. Our

study highlights Bali as a place with prominent genetic diversity of DENV and supports previ-

ous reports on its role in dengue transmission and mixing. Further studies on active molecular

surveillance of DENV should be done in Bali to monitor dengue dynamics.
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