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Objective: To provide a national incidence rate and case fatality rate of dengue hemorrhagic fever in Indonesia
through an analysis of the National Disease Surveillance database from the Directorate General of Disease Prevention

Results: Available data has indicated an increasing trend of dengue hemorrhagic fever incidence in Indonesia over
the past 50 years. Incidence rates appear to be cyclic, peaking approximately every 6-8 years. In contrast, the case
fatality rate has decreased approximately by half each decade, since 1980. Java Island contributed the highest aver-
age number of dengue hemorrhagic fever cases each year. In recent years, Bali and Borneo (Kalimantan) have had
the highest incidence while Papua Island, the easternmost region of the Indonesian archipelago, has had the lowest
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Introduction

Dengue, caused by infection with any of the four dengue
virus (DENV) serotypes (1-4), is the most important
mosquito-borne viral disease in humans and is of major
public health concern [1, 2]. The clinical manifestations
of DENV infection range from asymptomatic infection
or a mild flu-like syndrome, also known as dengue fever
(DEF), to the more severe and life-threatening forms, den-
gue hemorrhagic fever (DHF) and dengue shock syn-
drome (DSS) [3]. It has been estimated that 390 million
DENYV infections occur annually, worldwide [4], of which
50-200 million are apparent cases (symptomatic infec-
tions, including those that are undetected by reporting
systems) [4, 5]. Data from 76 countries have indicated
a substantial increase in dengue incidence, where the
number of apparent cases has more than doubled every

*Correspondence: harapan@unsyiah.ac.id; mudatsir@unsyiah.ac.id;
allison.imrie@uwa.edu.au

! Medical Research Unit, School of Medicine, Universitas Syiah Kuala,
Banda Aceh 23111, Indonesia

3 Department of Microbiology, School of Medicine, Universitas Syiah
Kuala, Banda Aceh 23111, Indonesia

Full list of author information is available at the end of the article

B BMC

decade between 1990 and 2013, with the highest inci-
dence of infection being reported in Asian countries [5].

Indonesia, a transcontinental unitary sovereign state
located in Southeast Asia, is a tropical country where
both main mosquito vector species of DENV, Aedes
aegypti and Ae. albopictus, are endemic almost in all
regions [6]. Dengue prevention and control programs
have been in place on a national scale by the Ministry of
Health (MoH) of Indonesia through the Directorate Gen-
eral for Communicable Diseases Control since 1968 [7].
The programs include the implementation of peri-focal
adult spraying, mass larviciding, and disease control edu-
cation to the community. Despite the efforts of these con-
trol programs, dengue has expanded in both incidence
and geographical range over the years and has become
hyperendemic with multiple co-circulating DENV sero-
types, nationwide. Several major dengue outbreaks have
been reported in the country [8-15].

Since the first dengue reports in Jakarta and Surabaya
in 1968, the epidemiology of dengue in Indonesia has
changed [16, 17]. These changes have included more
irregular DHF outbreaks, with a high inter-epidemic
background [16], increasing mean age of DHF cases,
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increasing annual incidence rate (IR), and decreasing
case fatality rate (CFR) [16, 17]. Our group has assessed
several aspects of dengue in Indonesia, including sero-
prevalence [18, 19], molecular epidemiology among
locals [15, 20-25] or travellers returning from Indone-
sia [26], as well as public health aspects [27-32]. Cur-
rently, we also have provided a comprehensive national
picture of DENV circulating in Indonesia [33]. Missing
from the literature is an update on the burden of dengue
(i.e. incidence and mortality of the disease). Previously,
national IR and CFR of DHF have been reported [16, 17]
but there has been no update since 2014. The aim of this
study was to provide an update of the national epidemi-
ology of DHF in Indonesia over five decades using the
National Disease Surveillance database from the MoH of
Indonesia.

Main text

Methods

Data source

Dengue has been a notifiable disease in Indonesia since
1968 and is reported continuously into the National
Disease Surveillance run by the Directorate General
of Disease Prevention and Control of the Indonesian
MoH. Reporting of DHF by Community Health Centres
(Puskesmas) and public or private hospitals to district
health authorities is mandatory in Indonesia within 72 h
of diagnosis. To provide a comprehensive national IR and
CER of DHF in Indonesia overtime, we analysed the sur-
veillance database from 1968 to 2017.

Case definition and criteria

Details of DHF case definition and case ascertainment
used in this surveillance have been published elsewhere
[17]. In brief, since its inception in 1968, the surveillance
system has used the World Health Organization (WHO)
dengue classification system, which classified sympto-
matic dengue into DF and DHF [34]. Individuals with
mild symptomatic DF and those not presenting to health-
care facilities were not captured by the surveillance sys-
tem [17]. Although the dengue classification system and
criteria have changed since 1968, definitions and criteria
of DHF used in this surveillance system have remained
stable over the entire time period [17].

Dengue hemorrhagic fever was defined as having at
least the first two of the following four clinical mani-
festations: (a) sudden onset acute fever of 2 to 7 days
duration; (b) spontaneous hemorrhagic manifestations
or a positive Tourniquet test; (c) hepatomegaly; and (d)
circulatory failure, in combination with haematologi-
cal criteria of thrombocytopenia (< 100,000 cells/mm?3)
and an increased haematocrit over 20% [17]. Suspected
DHEF cases based on those criteria were further assessed
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in which DHF cases were classified into probable and
confirmed cases. A probable case was defined as clini-
cally suspect patients supported by positive dengue serol-
ogy (positive anti-DENV IgM in acute or convalescent
serum sample and/or a fourfold increase in IgG between
the acute and the convalescent samples) or when a sus-
pected DHF patient was linked at the same location
and time to other confirmed DHF cases. A confirmed
case was defined as a case with laboratory confirmation
through DENV isolation, or detection of viral antigen or
RNA in serum. This classification has continually been
used nationwide by hospitals and Community Health
Centres in Indonesia [17]. All probable or confirmed
DHF cases were reported and included in the surveil-
lance system.

Data collection process and synthesis

The number of cases and deaths associated with DHF,
recorded from between 1968 and 2017, were retrieved
from that National Dengue Surveillance registry. The
annual IRs of DHF were determined by dividing the
number of new DHF cases identified, by the size of the
population at risk for the correspondent year (the total
Indonesian population). The annual Indonesian popula-
tion size used in the analysis was based on population
number used by the MoH and reported in its annual
report (Indonesian Health Profile). For most years, the
MoH used the population size derived from the official
database of Indonesian Central Bureau of Statistics. The
IRs were expressed as per 100,000 person-years. The
CFRs were calculated as the number of deaths associ-
ated with DHF divided by the number of DHF cases,
expressed as a percentage (%).

To determine the national geographical distribution of
DHE cases in Indonesia, geographical mapping of IRs and
CFRs of each province, from 2011 to 2016, were created
using ArcGIS [35]. The provincial IRs were expressed as
the number of case per 100,000 population, while provin-
cial CFRs were expressed as a percentage (%).

Results
Over the 50-year period, there was a sharp increase in the
annual IR of DHF in Indonesia, from just 0.05 cases per
100,000 person-years in 1968 to 77.96 cases per 100,000
person-years in 2016 (Fig. 1). The IRs of DHF have had a
cyclic pattern, with peaks occurring approximately every
6-8 years. Incidence peaks occurred in 1973, 1988, 1998,
2009, and 2016. In 2017, there were 59,047 and 444 of
DHF cases and DHF-associated deaths in Indonesia with
22.55 per 100,000 person-years and 0.75% of IR and CFR,
respectively.

Although the annual IR of DHF has increased sig-
nificantly over the last five decades, the annual CFR has
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Fig. 1 Incidence rate (per 100,000 person-years) and case fatality rate (%) of dengue hemorrhagic fever in Indonesia from 1968 to 2017

decreased over time. In the late 1960s, the CFR was esti-
mated to be more than 20% of those infected, which sub-

(Fig. 1).
sequently declined approximately by half each decade

since 1980. As of 2016, the CFR of DHF was just 0.79%

Based on provincial geographical mapping of IRs

between 2011 and 2016, West Java contributed the

West Java
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Fig. 2 Geographical mapping the provincial incidence rate of dengue hemorrhagic fever (per 100,000 population) in Indonesia from 2011 to 2016




Harapan et al. BMC Res Notes (2019) 12:350

highest average number of DHF cases each year (Fig. 2).
Bali has reported the highest IR since 2011, ranging
from 65.90 per 100,000 population in 2012 to 484.02 per
100,000 population in 2016 (Fig. 2). Interestingly, while
Bali has reported the highest dengue incidence annu-
ally, the CER has consistently been less than 1% of those
infected (Fig. 3). In contrast, in several provinces where
dengue is not endemic such as Papua and West Papua
(both provinces formerly known as Irian Jaya), those
regions have experienced dengue outbreaks associated
with a high CFR, such as the epidemics of 2012 and 2015
in West Papua and the 2013 Papua outbreak (Fig. 3).
Overall, in recent years, it is clear that Bali and Borneo
(Kalimantan) have had the highest IR of DHF while West
Papua has had the lowest IR in Indonesia.

Discussion

Over five decades, several peaks of IR of DHF have been
identified in Indonesia. The first clear peak occurred in
1988 (Fig. 1) and our systematic review indicates that
this peak was associated with the activities of DENV-3
[33]. However, there was no clear determinant that trig-
gered these high activities of DENV-3 in 1988. Another
peak occurred between November 1997 and May 1998,
10 years later, in which DHF outbreaks occurred in 11
provinces [36]. There were also no clear explanation of
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this outbreak. One potential reason is that massive riots
occurred throughout Indonesia in 1998. These riots trig-
gered population movements that may have caused the
introduction of certain serotypes or genotypes into naive
populations in various regions of Indonesia. Studies dur-
ing this time isolated a new genotype within DENV-3
that was never reported in Indonesia prior to 1998 [37,
38]. Our phylogenetic study revealed that these viruses
were closely related to viruses that had circulated in Thai-
land indicating that viruses appear to have been imported
into Indonesia, had established local circulation and were
associated with an increase in DHF cases.

Since 2000, the IR of DHF increased significantly
and peaked in 2009 and 2016 (Fig. 1). There are some
plausible explanations of this trend. There was a rapid
change of serotype dominancy (serotype shift) in Indo-
nesia in 2000s from DENV-3 to DENV-1 and DENV-2
and there were high activities of multiple serotypes
in majority of regions in Indonesia [33]. Interestingly,
rapid serotype shifts also occurred in other countries
in Southeast Asian in 2000s [39-41] indicating this
was a regional phenomenon. These rapid serotype
shifts may be the most significant factor contributing
to the increasing trend of DHF incidence in Indone-
sia between 2000 and 2009. There was also an intro-
duction of a new genotype within DENV-1 that was
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Fig. 3 Geographical mapping of the provincial case fatality rate of dengue hemorrhagic fever (%) in Indonesia from 2011 to 2016
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never reported previously. Although this genotype was
introduced relative recently, the viruses of this geno-
type have become the most frequently isolated virus
within DENV-1 in Indonesia and have been isolated in
almost all Indonesian main islands [15, 20-26, 42—-47].
In addition, this trend changed during 2000s in which
the predominant serotype was found to be associated
with the severe form of dengue infection. For example,
in 2009 a study found that patients with DENV-1 were
more likely to have severe disease [48]. Interestingly,
this study also indicated that all patients with DENV-1,
as a primary or secondary infection, had severe clinical
manifestations [48]. Other studies also indicated that
DENV-1 was more frequently associated with severe
dengue infection [15, 20, 25]. Altogether this, in part,
explains the increased the IR of DHF in Indonesia dur-
ing 2000s.

Between 1968 and 1973, there was a sharp reduction
of CFR in Indonesia. There are some possible explana-
tions for this. First, this decline was associated with
improved management protocols of the diseases in
the Community Health Centres or hospitals [16]. Sec-
ond, this was associated with increased knowledge and
awareness both of community members and healthcare
providers, and better diagnostics including more sensi-
tive and specific diagnostic tests [16, 27]. All of these
factors contributed to development of an improved sur-
veillance system over time, that led to prompt recogni-
tion not only of severe cases but also mild cases with
low mortality in health care facilities.

In conclusion, over the past five decades, there has
been a dramatic increase in IR of DHF in Indonesia with
a cyclic pattern that peaked approximately every 6 to
8 years while the annual CFR has decreased, over time.

Study limitation

The WHO criteria, adopted by MoH of Indonesia, is
based on both clinical and diagnostic criteria in which
any probable case also should be reported into the sur-
veillance system. The surveillance system did not collect
the status of DENV infection (i.e. primary or second-
ary infection). In addition, this surveillance system does
not include mild symptomatic dengue cases and only
captured DHF cases presenting to healthcare facilities.
Therefore, dengue cases are potentially underreported.

Abbreviations

CFR: case fatality rate; DENV: dengue virus; DHF: dengue hemorrhagic fever;
DSS: dengue shock syndrome; IR: incidence rate; MoH: Ministry of Health;
WHO: World Health Organization.

Page 5 of 6

Acknowledgements

AM would like to thank the Department of Health of Western Australia,
Australia for the support trough West Australian Mosquito-Borne Diseases
Scholarship.

Authors’ contributions

Conceptualization and methodology: HH; software: HH, Al; validation: HH,
AM, MM, RTS, Al; formal analysis: HH; data curation: HH; writing—original draft
preparation: HH; writing—review and editing: HH, AM, MM, RTS, Al; visualiza-
tion: HH; supervision: RTS, MM, Al; funding acquisition: Al. All authors read and
approved the final manuscript.

Funding

HH is a recipient of an Australia Awards Scholarship (AAS) (Grant no.
STO00DMX2) from the Department of Foreign Affairs and Trade, Scholarship
for International Research Fees (SIRF) (Grant no. F51416) from The University
of Western Australia and NHMRC Centre of Research Excellence in Emerging
Infectious Diseases (CREID) Scholarship.

Availability of data and materials
The datasets generated during and/or analyzed during the current study are
available from the corresponding author on reasonable request.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

! Medical Research Unit, School of Medicine, Universitas Syiah Kuala, Banda
Aceh 23111, Indonesia. 2 School of Biomedical Sciences, University of Western
Australia, Nedlands, WA 6009, Australia. > Department of Microbiology, School
of Medicine, Universitas Syiah Kuala, Banda Aceh 23111, Indonesia. * Eijkman
Institute for Molecular Biology, Jakarta 10430, Indonesia.

Received: 27 November 2018 Accepted: 11 June 2019
Published online: 20 June 2019

References

1. WHO. Global strategy for dengue prevention and control, 2012-2020.
Geneva: WHO Press; 2012.

2. Halstead SB. Dengue. The Lancet. 2007;370(9599):1644-52.

3. WHO. Comprehensive guidelines for prevention and control of dengue
and dengue haemorrhagic fever. New Delhi: WHO Regional Publication
SEARG; 2011.

4. Bhatt S, Gething PW, Brady OJ, Messina JP, Farlow AW, Moyes CL, Drake
JM, Brownstein JS, Hoen AG, Sankoh O, et al. The global distribution and
burden of dengue. Nature. 2013;496(7446):504—7.

5. Stanaway JD, Shepard DS, Undurraga EA, Halasa YA, Coffeng LE, Brady
0OJ, Hay SI, Bedi N, Bensenor IM, Castaneda-Orjuela CA, et al. The global
burden of dengue: an analysis from the Global Burden of Disease Study
2013. Lancet Infect Dis. 2016;16(6):712-23.

Kraemer MU, Sinka ME, Duda KA, Mylne AQ, Shearer FM, Barker CM,
Moore CG, Carvalho RG, Coelho GE, Van Bortel W, et al. The global
distribution of the arbovirus vectors Aedes aegypti and Ae. albopictus. Elife.
2015;4:.208347.

7. Kusriastuti R, Sutomo S. Evolution of dengue prevention and control
programme in Indonesia. Dengue Bull. 2005;29:1-7.

8. Hotta S, Miyasaki K, Takehara M, Matsumoto Y, Ishihama Y, Tokuchi M,
Noerjasin B, Partana L, Sisuadi I. Clinical and laboratory examinations on a
case of "hemorrhagic fever”found in Surabaja, Indonesia, in 1968. Kobe J
Med Sci. 1970;16(4):203-10.

9. Eram S, Setyabudi Y, Sadono Tl, Sutrisno DS, Gubler DJ, Sulianti Saroso J.
Epidemic dengue hemorrhagic-fever in rural Indonesia. 2. Clinical studies.
Am J Trop Med Hyg. 1979;28(4):711-6.



Harapan et al. BMC Res Notes

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

(2019) 12:350

Gubler DJ, Suharyono W, Sumarmo HW, Jahja E, Saroso JS. Virological
surveillance for dengue haemorrhagic fever in Indonesia using the mos-
quito inoculation technique. Bull World Health Org. 1979;57(6):931-6.

. Gubler DJ, Suharyono W, Lubis |, Eram S, Gunarso S. Epidemic dengue 3

in central Java, associated with low viremia in man. Am J Trop Med Hyg.
1981;30(5):1094-9.

Richards AL, Bagus R, Baso SM, Follows GA, Tan R, Graham RR, Sandjaja B,
Corwin AL, Punjabi N. The first reported outbreak of dengue hemorrhagic
fever in Irian Jaya, Indonesia. Am J Trop Med Hyg. 1997,57(1):49-55.

Sukri NC, Laras K, Wandra T, Didi S, Larasati RP, Rachdyatmaka JR, Osok S, Tjia
P, Saragih JM, Hartati S, et al. Transmission of epidemic dengue hemorrhagic
fever in easternmost Indonesia. Am J Trop Med Hyg. 2003;68(5):529-35.
Corwin AL, Larasati RP, Bangs MJ, Wuryadi S, Arjoso S, Sukri N, Listyaningsih
E, Hartati S, Namursa R, Anwar Z, et al. Epidemic dengue transmission in
southern Sumatra, Indonesia. Trans R Soc Trop Med Hyg. 2001,95(3):257-65.
Haryanto S, Hayati RF, Yohan B, Sijabat L, Sihite IF, Fahri S, Meutiawati F, Halim
JA, Halim SN, Soebandrio A, et al. The molecular and clinical features of
dengue during outbreak in Jambi, Indonesia in 2015. Pathog Glob Health.
2016;110(3):119-29.

Setiati TE. Changing epidemiology of dengue haemorrhagic fever in Indo-
nesia. Dengue Bull. 2006;30:1-14.

Karyanti MR, Uiterwaal CS, Kusriastuti R, Hadinegoro SR, Rovers MM,
Heesterbeek H, Hoes AW, Bruijning-Verhagen P. The changing incidence of
dengue haemorrhagic fever in Indonesia: a 45-year registry-based analysis.
BMC Infect Dis. 2014;14:412.

Prayitno A, Taurel AFC, Nealon J, Satari HI, Karyanti RM, Sekartini R, Soedjat-
miko S, Gunardi H, Medise B, Sasmono T, et al. Dengue seroprevalence in
urban dwelling Indonesian children: a nationally-representative study. Int J
Infect Dis. 2016;45:242.

Prayitno A, Taurel AF, Nealon J, Satari HI, Karyanti MR, Sekartini R, Soedjat-
miko S, Gunardi H, Medise BE, Sasmono RT, et al. Dengue seroprevalence
and force of primary infection in a representative population of urban
dwelling Indonesian children. PLoS Negl Trop Dis. 2017;11(6):€0005621.
Wardhani P, Aryati A, Yohan B, Trimarsanto H, Setianingsih TV, Puspitasari

D, Arfijanto MV, Bramantono B, Suharto S, Sasmono RT. Clinical and
virological characteristics of dengue in Surabaya, Indonesia. PLoS ONE.
2017;12(6):e0178443.

Sasmono RT, Wahid |, Trimarsanto H, Yohan B, Wahyuni S, Hertanto M,
Yusufl, Mubin H, Ganda IJ, Latief R, et al. Genomic analysis and growth
characteristic of dengue viruses from Makassar, Indonesia. Infect Genet Evol.
2015;32:165-77.

Nusa R, Prasetyowati H, Meutiawati F, Yohan B, Trimarsanto H, Setianingsih
TY, Sasmono RT. Molecular surveillance of dengue in Sukabumi, West Java
province, Indonesia. J Infect Dev Ctries. 2014;8(6):733-41.

Megawati D, Masyeni S, Yohan B, Lestarini A, Hayati RF, Meutiawati F, Suryana
K, Widarsa T, Budiyasa DG, Budiyasa N, et al. Dengue in Bali: clinical charac-
teristics and genetic diversity of circulating dengue viruses. PLoS Negl Trop
Dis. 2017;11(5):e0005483.

Lestari CSW, Yohan B, Yunita A, Meutiawati F, Hayati RF, Trimarsanto H,
Sasmono RT. Phylogenetic and evolutionary analyses of dengue viruses
isolated in Jakarta, Indonesia. Virus Genes. 2017,53:778-88.

Fahri S, Yohan B, Trimarsanto H, Sayono S, Hadisaputro S, Dharmana E,
Syafruddin D, Sasmono RT. Molecular surveillance of dengue in Semarang,
Indonesia revealed the circulation of an old genotype of dengue virus
serotype-1. PLoS Negl Trop Dis. 2013;7(8):e2354.

Ernst T, McCarthy S, Chidlow G, Luang-Suarkia D, Holmes EC, Smith DW,
Imrie A. Emergence of a new lineage of dengue virus type 2 identified in
travelers entering Western Australia from Indonesia, 2010-2012. PLoS Negl
Trop Dis. 2015;9(1):e0003442.

Harapan H, Rajamoorthy Y, Anwar S, Bustamam A, Radiansyah A, Angraini
P, Fasli R, Salwiyadi S, Bastian RA, Oktiviyari A, et al. Knowledge, attitude,
and practice regarding dengue virus infection among inhabitants of Aceh,
Indonesia: a cross-sectional study. BMC Infect Dis. 2018;18:96.

Harapan H, Fajar JK, Sasmono RT, Kuch U. Dengue vaccine acceptance and
willingness to pay. Hum Vaccines Immunother. 2017;13(4):786-90.
Harapan H, Bustamam A, Radiansyah A, Angraini P, Fasli R, Salwiyadi S,
Bastian RA, Oktiviyari A, Akmal I, Igbalamin M, et al. Dengue prevention:
confirmatory factor analysis of relationships between economic status,
knowledge, attitudes and practice, vaccine acceptance and willing-

ness to participate in a study. Southeast Asian J Trop Med Public Health.
2017;48(2):297-305.

30.

3.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Page 6 of 6

Harapan H, Anwar S, Setiawan AM, Sasmono RT, Aceh Dengue S. Dengue
vaccine acceptance and associated factors in Indonesia: a community-
based cross-sectional survey in Aceh. Vaccine. 2016;34(32):3670-5.

Harapan H, Anwar S, Bustaman A, Radiansyah A, Angraini P, Fasli R, Salwi-
yadi S, Bastian RA, Oktiviyari A, Akmal |, et al. Modifiable determinants of
attitude towards dengue vaccination among healthy inhabitants of Aceh,
Indonesia: findings from a community-based survey. Asian Pac J Trop Med.
2016,9(11):1115-22.

Harapan H, Anwar S, Bustamam A, Radiansyah A, Angraini P, Fasli R, Salwi-
yadi S, Bastian RA, Oktiviyari A, Akmal |, et al. Willingness to pay for a dengue
vaccine and its associated determinants in Indonesia: a community-based,
cross-sectional survey in Aceh. Acta Trop. 2017;166:249-56.

Harapan H, Michie A, Yohan B, Shu P Mudatsir M, Sasmono R, Imrie A.
Dengue viruses circulating in Indonesia: a systematic review and phyloge-
netic analysis of data from five decades. Rev Med Virol. 2019. https://doi.
0rg/10.1002/rmv.2037. (In press).

Sumarmo. Dengue haemorrhagic fever in Indonesia. Southeast Asian J Trop
Med Public Health. 1987;18(3):269-74.

Environmental Systems Research Institute (ESRI). ArcGIS Release 10.1. Red-
lands: ESRI; 2012.

Suroso T, Achmad H, Imran A. Dengue haemorrhagic fever outbreaks in
Indonesia 1997-1998. Dengue Bull. 1998;22:45-50.

Raekiansyah M, Pramesyanti A, Bela B, Kosasih H, Maroef CN, Tobing SY,
Rudiman PI, Alisjahbana B, Endi TP, Green S, et al. Genetic variations and
relationship among dengue virus type 3 strains isolated from patients with
mild or severe form of dengue disease in Indonesia and Thailand. Southeast
Asian J Trop Med Public Health. 2005;36(5):1187-97.

King CC, Chao DY, Chien LJ, Chang GJJ, Lin TH, Wu YC, Huang JH. Compara-
tive analysis of full genomic sequences among different genotypes of
dengue virus type 3. Virol J. 2008,5:63.

Shu PY, Su CL, Liao TL, Yang CF, Chang SF, Lin CC, Chang MC, Hu HC, Huang
JH. Molecular characterization of dengue viruses imported into Taiwan dur-
ing 2003-2007: geographic distribution and genotype shift. Am J Trop Med
Hyg. 2009;80(6):1039-46.

Thu HM, Lowry K, Myint TT, Shwe TN, Han AM, Khin KK, Thant KZ, Thein

S, Aaskov J. Myanmar dengue outbreak associated with displacement of
serotypes 2, 3, and 4 by dengue 1. Emerg Infect Dis. 2004;10(4):593-7.
Pongsiri P, Themboonlers A, Poovorawan Y. Changing pattern of dengue
virus serotypes in Thailand between 2004 and 2010. J Health Popul Nutr.
2012;30(3):366-70.

Churrotin S, Kotaki T, Sucipto TH, Ahwanah NL, Deka PT, Mulyatno KC, Utami
DA, Ranasasmita R, Soegijanto S, Kameoka M. Dengue virus type 1 strain
isolated in Indonesia shows a close phylogenetic relationship with the
strains that caused the autochthonous dengue outbreak in Japan in 2014.
Jpn JInfect Dis. 2016,69:442-4.

Yamanaka A, Mulyatno KC, Susilowati H, Hendrianto E, Ginting AP, Sary

DD, Rantam FA, Soegijanto S, Konishi E. Displacement of the predominant
dengue virus from type 2 to type 1 with a subsequent genotype shift from
IV to l'in Surabaya, Indonesia 2008-2010. PLoS ONE. 2011;6(11):e27322.
Kotaki T, Yamanaka A, Mulyatno KC, Churrotin S, Labigah A, Sucipto TH, Soegi-
janto S, Kameoka M, Konishi E. Continuous dengue type 1 virus genotype
shifts followed by co-circulation, clade shifts and subsequent disappearance
in Surabaya, Indonesia, 2008-2013. Infect Genet Evol. 2014;28:48-54.
Shihada S, Emmerich P, Thome-Bolduan C, Jansen S, Gunther S, Frank C,
Schmidt-Chanasit J, Cadar D. Genetic diversity and new lineages of dengue
virus serotypes 3 and 4 in returning travelers, Germany, 2006-2015. Emerg
Infect Dis. 2017,23(2):272-5.

Saito M, Tamayose M, Miyagi K, Takaragawa H, Tateyama M, Tadano M, Fujita
J. Serologic and virologic studies of an imported dengue case occurring in
2014 in Okinawa, Japan. Jpn J Infect Dis. 2016;69(1):60-5.

Herman R, Agustiningsih A, Hartanti DI, Nugraha AA, Setiawaty V. Molecular
epidemiology of dengue virus in Manado, North Sulawesi, Indonesia, 2012.
Int J Infect Dis. 2014;21:262.

Soegeng S, Helen S, Kris Cahyo M, Eryk H, Atsushi Y. The changing clinical
performance of dengue virus infection in the year 2009. Indones J Trop
Infect Dis. 2012;3(1):5-9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1002/rmv.2037
https://doi.org/10.1002/rmv.2037

	Epidemiology of dengue hemorrhagic fever in Indonesia: analysis of five decades data from the National Disease Surveillance
	Abstract 
	Objective: 
	Results: 

	Introduction
	Main text
	Methods
	Data source
	Case definition and criteria
	Data collection process and synthesis

	Results
	Discussion

	Study limitation
	Acknowledgements
	References




