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 ABSTRACT 
 
 
 
Approximately 3.9 billion people, living in more than 120 countries, are at risk of 

becoming infected with three major arboviruses: dengue virus (DENV), 

chikungunya virus (CHIKV), and Zika virus (ZIKV). Dengue is the most 

important arboviral disease in Indonesia with significant morbidity, mortality, 

and economic cost. Chikungunya is also an arboviral disease of major public 

health importance, and multiple and sporadic outbreaks have occurred since its 

re-emergence in early 2001. CHIKV and DENV infections are often clinically 

indistinguishable and chikungunya is likely misdiagnosed and underreported in 

Indonesia. In addition, in recent years multiple Zika outbreaks occurred in the 

Americas and in Asian countries. ZIKV transmission has been reported in 

Indonesia however antigenic similarity to DENV and the lack of highly specific 

laboratory tests suggests ZIKV infection is misdiagnosed and underreported. 

This thesis provides critical insight into molecular epidemiology and public 

health aspects of dengue, chikungunya and Zika in Indonesia with focus on 

current circulating viruses, natural history, movements to neighbouring 

countries, community participation on disease prevention and support on 

arbovirus research in Indonesia.  

 

First, this thesis describes current circulation of DENV and CHIKV in Indonesia. 

The studies were conducted in Aceh and Jambi provinces. A pattern of 

hyperendemic DENV transmission was observed where all four DENV 

serotypes, with multiple local and introduced DENV lineages, were circulating. 

In addition, co-circulation of DENV and CHIKV was detected indicating 

endemicity of both arboviruses in the country. Leptospira is an important 

causative agent among patients who presented with dengue-like illness in both 

provinces and were assumed to be infected with DENV. DENV neutralizing 

antibody (NAb) responses were detected by plaque reduction neutralization test 
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to at least one DENV serotype were detected in all samples from individuals 

aged between 4 and 65 years old (n=199). In addition, possible ZIKV and Ross 

River virus transmission were also detected in Indonesia although these 

preliminary results require further validation to discriminate from other 

flaviviruses and from alphaviruses such as CHIKV and Getah virus.  

 

The movement of those arboviruses to neighbouring Australia was assessed 

using Western Australia returned travellers as sentinels. This study provides 

valuable and timely information regarding transmission dynamics of emerging 

DENV lineages in the region. Multiple lineage introductions and genotype 

replacement of DENV occurred in Indonesia and there was persistent 

transmission of a novel outbreak-associated lineage of DENV-2 in Bali, that our 

group had first identified in Western Australia travellers returning from Bali. 

Our study also identified that a nation-wide chikungunya outbreak in 2013 in 

Indonesia was likely caused by CHIKV Asian genotype. It is clear that there is 

continuous movement of Indonesian arboviruses to Australia and therefore, 

surveillance data using WA travellers as sentinels is essential to provide valuable 

and timely information on transmission dynamics of major arboviruses in the 

region and the results will be important as indicators for Australia to strengthen 

preparedness strategies.  

 

Community support toward disease prevention and research on arboviruses 

were also assessed in Indonesia, focusing on dengue and Zika. Participation on 

disease prevention, acceptance and willingness to pay for a vaccine and 

willingness to participate in arbovirus studies were used as main indicators. 

Knowledge on dengue was relatively high but attitude and practice on dengue 

prevention was low suggesting low community participation in dengue 

prevention measures. Although acceptance for a dengue vaccine was high, the 

amount of money that members of a community were willing to spend for 

vaccine was low, underscoring the need for low-cost vaccine. In addition, stated 
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willingness to participate in dengue research was very low in Indonesia. Similar 

findings were also found for Zika. Although knowledge on ZIKV infection was 

relatively high among general practitioners in Indonesia, more than 75% had a 

poor attitude towards pregnancy-related issues of Zika indicating that strategies 

for enhancing the capacity of physicians to develop positive attitudes and 

respond to ZIKV infection are needed. Similar to dengue vaccine, although the 

acceptance rate of the Zika vaccine was relatively high in Indonesia, less than 

40% of respondents were willing to pay, underscoring the need for subsidies for 

Zika vaccinations in the country. Pre-existing knowledge about Zika and 

attitudes towards childhood vaccination are important in determining 

community members being willing to participate in a Zika vaccine trial and 

financial incentives are still an important factor to enhance participant 

recruitment during a vaccine trial. Multiple modifiable determinants were 

identified to be associated with domain of knowledge, attitude and practice, 

acceptance and willingness to pay for a vaccine, and willingness to participate in 

arbovirus studies that could be considered when designing prevention programs 

on arboviruses in Indonesia.  

 

This thesis enhances our understanding of history and current circulation 

dynamics of major arboviruses in Indonesia and their movement to neighbouring 

countries. Prevention and promotion programs to increase community 

participation on diseases prevention, and support for research on arboviruses 

together with systematic surveillance systems should be implemented in 

Indonesia. In addition, continuous surveillance using Western Australia 

travellers as sentinels is needed to monitor circulation dynamics of arboviruses in 

the region.  
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1.1 SCOPE   

Arboviruses (arthropod-borne viruses) are a group of viruses that exist in a 

transmission cycle between blood-feeding arthropod vectors and amplifying, 

vertebrate hosts. With most arboviruses, human involvement in this transmission 

cycle is incidental, although they can be reservoir hosts for some arboviruses [1]. 

It is estimated that approximately 3.9 billion people, living in more than 120 

different countries, are at risk of becoming infected with three major arboviruses: 

dengue virus (DENV), chikungunya virus (CHIKV), and Zika virus (ZIKV) [2]. 

DENV and ZIKV belong to the same family and genus, Flaviviridae and 

Flavivirus respectively. CHIKV is a member of Togaviridae family and belongs to 

the Alphavirus genus. 

 

Dengue, caused by infection of any of four serotypes of DENV (designated as 

DENV-1 to DENV-4), is the most important mosquito-borne viral disease in 

humans [3]. It is a major international public health concern, resulting in 

significant morbidity, mortality, and economic cost, particularly in developing 

countries [4]. DENV infection results in a wide spectrum of clinical symptoms 

from mild flu-like syndrome dengue fever (DF) to the life-threatening dengue 

shock syndrome (DSS). The symptoms of DF include fever, nausea, vomiting, 

rash, aches, and pains while in DSS severe bleeding and shock occur and if 

untreated, mortality can be as high as 20% [5]. In 1997 World Health 

Organization (WHO) classification, dengue is classified into three categories: 

undifferentiated fever, DF and dengue hemorrhagic fever (DHF) [4]. DHF was 

further classified into four severity grades, with grades III and IV  defined as 

DSS. A revised WHO case classification was introduced in 2009, replacing 

previous classification with probable dengue, dengue without warning signs, 

dengue with warning signs and severe dengue. The warning signs are abdominal 

pain, persistent vomiting, fluid accumulation, mucosal bleeding, lethargy, liver 

enlargement and increasing hematocrit with decreasing platelets [5].  
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Dengue incidence has increased 30-fold in the past 50 years and it is endemic in 

more than 100 countries [5]. Recently, the incidence of dengue has been 

approximately 390 million infections per year globally [6]. In Indonesia, dengue 

is a major public health problem with high incidence, morbidity and mortality 

rates [7]. The incidence of dengue in Indonesia has increased in the last few 

decades [7] and currently, Indonesia reports the highest average annual number 

of dengue cases in Asia, with frequent epidemics [8]. Aceh Province in western 

Indonesia is an example of a region with increased dengue incidence [9]. Aceh 

was area most severely affected by the earthquake and tsunami of 26 December 

2004, which increased habitats for the dengue mosquito vectors. Reported DHF 

cases in Aceh increased from 2.76 per 100,000 in 2003 to 46.66 per 100,000 in 2014 

[9, 10].  

 

Despite high incidence and mortality rates in Indonesia, there are no detailed 

molecular epidemiological data (including genotypes and lineages) available 

nationally. In some regions such as Aceh, there are no available data of 

circulating DENV. Such information is important not only to predict dengue 

outbreaks but also to design dengue vaccine composition. Lack of information on 

current and previous circulating serotypes, genotypes and DENV diversity in the 

target population could result in mismatched genotypes included in the vaccine 

compared to circulating strains, resulting in low vaccine effectiveness [11, 12]. 

Furthermore, multiple serotypes and genotypes have been introduced and 

replaced in Indonesia regions, with some associated with a higher incidence and 

severity of disease [13-17]. Therefore conducting a molecular epidemiology 

study, including whole genome sequencing (WGS), is important in order to 

provide information on current circulating viruses and to provide a better 

understanding of current DENV transmission in Indonesia, especially in areas 

where data are completely unavailable such as Aceh. Besides the assessment of 

the current circulating of DENV and other arboviruses, information about 
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infection history is also important to determine the magnitude of the arbovirus 

disease burden in the country.  

 

In Indonesia, a national dengue prevention and control program has been under 

the purview of the Ministry of Health since 1968. Continual updates of the 

programme were conducted in the 1970s, 1980, 1992 and 2000, and a series of 

laws and legislations have been issued by the government [18]. An upward trend 

of reported dengue cases in Indonesia indicates, in part, that those programs 

have not proven their effectiveness in reducing DENV infection. Despite the 

increasing incidence of DF in Indonesia including Aceh, there has been also no 

study to assess the knowledge, attitude and practice (KAP) of the communities 

regarding DENV transmission and its prevention. Assessment of the KAP among 

community groups is therefore important to help in designing intervention 

strategies for an effective dengue prevention program.  

 

One of the focus areas for dengue preventive program is vaccine development. 

Currently, one dengue vaccine, chimeric yellow fever-dengue virus tetravalent 

vaccine (CYD-TDV) from Sanofi Pasteur has been approved. A meta-analysis 

also found that the levels of neutralizing antibody (NAb) were always higher in 

the vaccinated group and the clinical efficacy of the vaccine was 59% [19]. Four-

year safety follow-up of this first-generation dengue vaccine found the overall 

benefit-risk remained positive among ≥9 years up to year 4 [20]. However, 

further analysis found that vaccine efficacy against laboratory-confirmed 

symptomatic DENV infection was high among individuals who were 

seropositive at baseline and much lower among participants who were 

seronegative at baseline (76% vs. 38%) and vaccination of individuals who are 

seronegative increases their risk of severe dengue or dengue that requires 

hospital admission [21]. Therefore, in April, 2018, WHO's Strategic Advisory 

Group of Experts recommended that, pre-vaccination screening should be 

preferred to assess dengue serostatus and CYD-TDV is recommended only for 
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populations with dengue seroprevalence rates above 80% and for DENV-

seropositive individuals [21]; there are no recommendations for travellers from 

non-endemic to endemic countries [22]. Besides CYD-TDV, there are at least two 

second-generation dengue-vaccine candidates that are currently ongoing phase 

III trial: TV003/TV005 [23] and Takeda's live chimeric tetravalent vaccine [24]. 

Another vaccine candidate, D1ME100, also has been tested in human clinical trial 

[25] while two vaccine candidates, TDENV PIV (tetravalent purified inactivated 

vaccine) and V180 (recombinant subunit vaccine based on the DENV wild type 

pre-M and truncated E protein), are being evaluated in phase I clinical trials [26]. 

 

Vaccination has been considered a strategic component of dengue prevention 

programs in dengue endemic countries. However, lack of assessment of 

economic factors and public acceptance for a dengue vaccine may influence the 

adoption of dengue vaccination strategies in certain regions, especially in 

middle-income countries [27]. Although acceptance and willingness to pay 

(WTP) for a dengue vaccine are critical factors for the success of dengue 

vaccination programs, assessments of those aspects and associated factors are 

widely lacking in Indonesia. Understanding of both issues is essential to generate 

recommendations for policy makers in the country.  

 

Development of an effective dengue vaccine and other control and prevention 

programs requires intensive dengue research that depends on  community 

participation [28]. Projects such as dengue vaccine trials, molecular epidemiology 

and genetic diversity studies, and establishment of biobanks all depend on 

willingness to participate of the community. Inadequate number of participants 

results in cost increases, study completion and implementation delays, and 

statistical inconclusiveness [29-34]. Up to now, willingness to participate studies 

have only very rarely been assessed for research on dengue. In the wake of 

coordinated dengue prevention programmes planned in Indonesia and intention 

to conduct continuous dengue molecular epidemiology projects that would 
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require phlebotomy procedures, determining willingness to participate and 

associated factors is critical.  

 

Another major arbovirus of medical importance in Indonesia is chikungunya, 

caused by infection with CHIKV. A chikungunya outbreak was reported for the 

first time in Tanzania in 1952 [35, 36] and sporadic outbreaks were subsequently 

identified in parts of Asia and Africa during the 1950s and 1960s, followed by an 

apparent re-emergence  in the 2000s [37]. Chikungunya infection was first 

reported in Indonesia in 1973 and after not being detected for almost two 

decades, re-emerged in early 2001. Since then, CHIKV has caused multiple and 

sporadic outbreaks in Indonesia including two nation-wide outbreaks, during 

2009-2010 and in 2013 with 137,655 and 15,324 cases, respectively [38-40]. The 

incidence and prevalence of CHIKV infections in the Indonesian population have 

been significant in recent years; no deaths have been recorded [38-40]. Despite 

the high number of chikungunya cases in Indonesia in recent years, molecular 

epidemiology data such as current circulating genotypes, assessment of causative 

agents associated with major chikungunya outbreaks and whole genome 

sequence data are lacking. In addition, given the fact that the illnesses caused by 

CHIKV and DENV are often clinically indistinguishable and the accurate 

diagnosis of these infections on clinical grounds alone is usually problematic [41, 

42], and as co-circulation of both arboviruses occurs in Indonesia [43-45],  there is 

likely to be a large amount of misdiagnosis and underreporting of CHIKV in 

Indonesia [43]. Therefore, a comprehensive prospective study assessing DENV, 

CHIKV and other arbovirus infections in Indonesia will provide an informative 

picture of transmission dynamics of these arboviruses in the country. 

 

In addition to the two major endemic arboviruses in Indonesia, DENV and 

CHIKV, in recent years a re-emerging arbovirus, ZIKV, has attracted world 

attention because of its association with microcephaly [46-50]. ZIKV infection of 

humans was identified for the first time in Nigeria in 1954 [51] and the first Zika 
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outbreak was reported in 2007 in Yap State of the Federated States of Micronesia 

in the  Western Pacific [52]. Since then Zika has continued to spread and has been 

reported in 86 countries in the Americas, Africa, and Southeast Asia [53]. In 

Indonesia, seroprevalence studies in Central Java and Lombok identified anti-

ZIKV antibodies during 1978 and 1983 using a haemagglutination inhibition (HI) 

assay [54, 55], although these antibodies might be cross-reactive with DENV. 

Recent ZIKV infection among children aged 1-4 years, sampled in 2014, was 

detected in much of western and central Indonesia using a ZIKV 

microneutralization test [56]. Around the same time, two Australian travellers 

were reported to have acquired ZIKV infection after visiting Indonesia in 2013 

and 2014 [57, 58]. In 2015, ZIKV was isolated for the first time in Indonesia, from 

a patient with no history of travelling abroad, in Jambi province of Sumatra 

Island [59]. The potential misclassification of Zika and dengue diagnoses due to 

similar clinical presentations and the lack of a widely available Zika diagnostic 

test, could lead to underestimation of Zika cases [60]. A recent modelling study 

ranked Indonesia as the third country most at risk for ZIKV exposure, after India 

and China, due to the monthly volume of airline travellers [61]. In aggregate, 

these evidence suggest that Indonesia is at risk for a Zika epidemic and thus 

continual molecular epidemiology studies to identify ZIKV transmission in 

Indonesia are critical.  

 

Given the high potential for misdiagnosis of Zika cases in a clinical setting [60] 

and in order to mitigate Zika complications, especially pregnancy-related 

complications, it is important to diagnose the disease in its early stages and 

implement prevention programmes. Therefore, assessment of knowledge (and 

attitude) about ZIKV infection among healthcare workers (HCWs) in Indonesia 

can identify problems that HCWs may face in reaching this diagnosis. 

Information generated from such a study is important to understand the 

readiness or vigilance of HCWs in Indonesia, and to design HCW-based Zika 

preventive programs.  
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As for other arboviruses, development of a vaccine is a priority public health 

prevention strategy for ZIKV considering the multiple routes of non-vector 

transmission [62, 63]. WHO has listed prophylactic vaccination strategy as a 

priority to prevent severe ZIKV complications such as microcephaly and brain 

abnormalities [64]. Although a Zika vaccine is currently not available, multiple 

vaccine candidates are being developed [65-67] and some of them have entered 

clinical trials [68-70]. One of the key crucial steps before a vaccine can be licenced 

and approved is that the vaccine should be tested in human clinical trials. One of 

the challenges to conducting such a study is the recruitment of an adequate 

number of participants [34]. Therefore, understanding factors that are associated 

with willingness to participate and the effect of financial compensation in a Zika 

vaccine trial is essential to enhance the participant requirement process. In 

addition, as mentioned earlier for dengue vaccine, there are some key 

considerations that will affect Zika vaccine uptake and future distribution in an 

immunization program; two of the most important issues are public acceptance 

and WTP for the vaccine. Information on Zika vaccine acceptance in Asia is 

limited to a single study among pregnant women in Malaysia [71], and no 

findings related to WTP for a Zika vaccine are available.  Studies to fill this gap in 

our understanding are therefore required.  

 

In recent years, expansion of major arboviruses (DENV, CHIKV and ZIKV) to 

previously unaffected areas due to several factors including international travel 

and trade and viral evolution [61, 72, 73]. Modernization of the transportation 

system between Indonesia and other countries lowers the natural barriers of 

travel time and geography. Several studies have reported continuous exportation 

of Indonesian arboviruses to Australia including DENV [74-77], CHIKV [75, 78-

84], and ZIKV [57, 58]. Acutely ill travellers returning from Indonesia to 

Australia are important because they act as sentinel surveillance of arboviruses in 

Indonesia. Continuous molecular epidemiology studies using these travellers can 
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therefore determine arboviruses currently circulating in Indonesia and also 

monitor transmission dynamics and virus distribution across countries.  

 

1.2 THESIS AIMS AND APPROACHES  

The overarching aim of this PhD project is to provide critical insight into both 

molecular epidemiology and public health aspects of major arboviruses in 

Indonesia (DENV, CHIKV and ZIKV); formulated into three interrelated themes: 

(I) investigation of  current circulating arboviruses and assessment of infection 

history of arboviruses in Indonesia; (II) tracking the movement of arboviruses in 

Indonesia to neighboring countries; and (III) investigation of community support 

toward arboviral disease prevention measures in Indonesia.  

 

The specific objectives of this project are:  

a. To identify and characterize current circulating arboviruses in Indonesia, 

focusing on DENV, CHIKV, and ZIKV.  

b. To advance our understanding of the prevalence of arbovirus infection 

among residents of Indonesia, including DENV, CHIKV, and ZIKV, 

measured as virus-specific NAb responses.  

c. To advance our understanding of transmission dynamics of Indonesian 

arboviruses to a neighboring country such as Australia.  

d. To investigate community support toward dengue infection in Indonesia. 

e. To investigate HCWs’ vigilance against ZIKV infection in Indonesia.  

f. To investigate community support of Zika control measures in Indonesia.  

 

To provide new critical insights on medically important arboviruses in Indonesia 

based on the aforementioned objectives, six discrete studies in terms of setting, 

location and time were conducted. Due to resource limitations, most of the 

studies were focused in Aceh Province; however, in some studies, the location 

was extended to provide more comprehensive data to reflect a wider Indonesian 

context.  



10 
 

In order to provide data on current circulating arboviruses in Indonesia 

(objective a), serum samples from local inhabitants with dengue-like illness 

between 2015 and 2016 in two provinces, Aceh and Jambi, were collected and 

analyzed. To provide new insights on arbovirus seroprevalence, virus-specific 

NAb responses against major arboviruses in Indonesia (objective b) was assessed 

in a cross-sectional study conducted in Aceh province where the blood of healthy 

residents was collected in 2017 and tested. Acute phase sera collected from febrile 

Western Australia (WA) travelers during continuous arbovirus surveillance were 

analyzed to provide information on transmission dynamics of Indonesian 

arboviruses to its neighboring country (objective c). A community-based cross-

sectional study was conducted in Aceh province to assess the knowledge, 

attitude and practice towards dengue (objective d), acceptance and WTP for a 

dengue vaccine (objective d) and willingness to participate in a medical study 

related to DENV infection (objective d). Two other cross-sectional studies, an 

online-based and a health facility-based study, were conducted in 2016 and 2018, 

respectively, to expand our understanding of ZIKV infection in Indonesia 

(objectives e and f).  

 

1.3 THESIS STRUCTURE   

This thesis is organized into nine chapters to present data that were generated 

during the project. This Introduction Chapter summarizes the scope, aims and 

approaches and overall structure of the thesis.  

 

Chapter 2 is a comprehensive review of dengue, chikungunya and Zika. The 

chapter highlights several aspects of those arboviruses including molecular 

biology, epidemiology and public health significance, immune responses, 

management, control and prevention. This chapter emphasizes the epidemiology 

of two major endemic arboviruses, DENV and CHIKV, in Indonesia and 

transmission of these viruses in the country.  
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In Chapter 3, study materials and methods used throughout this thesis are 

presented. This chapter details the designs, settings, data collection procedures, 

measures, materials, laboratory techniques and statistical and/or bioinformatics 

analyses of each study as appropriate.  

 

Chapter 4 presents data for two endemic arboviruses in Indonesia, DENV and 

CHIKV. The current circulating serotypes and genotypes of DENVs isolated in 

two provinces of Indonesia, Aceh and Jambi are described, as is identification of 

other aetiological agents among dengue-negative sera including current 

circulating genotypes of CHIKV, as well as efforts to identify and isolate ZIKV. 

This chapter also includes WGS data to investigate the evolutionary history of 

the isolated CHIKV.   

 

Chapter 5 presents data on arbovirus seroprevalence among residents of Aceh 

Province, Indonesia as determined by virus-specific NAb responses. This chapter 

not only extends our previous knowledge on seroprevalence of endemic 

arboviruses such as DENV and CHIKV in the region but also provides new 

insights on re-emerging ZIKV infections and the neglected arbovirus in the 

country, Ross River virus (RRV). 

 

Chapter 6 presents the movement of DENV and CHIKV to WA. The data 

presented in this chapter were generated using acute phase sera collected among 

febrile travelers returning from Indonesia. Evolutionary analyses based on viral 

genomic diversity is also presented.  

 

Chapter 7 presents the results from a community-based cross-sectional study in 

Aceh Province of Indonesia regarding community support for dengue control 

and prevention. Findings include knowledge, attitude and practices towards 

dengue, acceptance and WTP for a dengue vaccine, and willingness to participate 

in a dengue study. This work provides a comprehensive understanding of 
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community participation and support for both community-based and vaccine-

based prevention programs for dengue. These data inform our understanding of 

the most appropriate approaches to employ for successful recruitment into 

dengue studies in Indonesia.  

 

In Chapter 8, data generated from two discrete studies on public health aspects 

of ZIKV infection are presented. This chapter includes a comprehensive picture 

of the knowledge and attitude towards ZIKV infection among HCWs, 

community acceptance and WTP for Zika vaccine, and willingness to participate 

in a Zika vaccine trial. The findings from this chapter enrich our understanding 

of the vigilance of frontline HCWs in Indonesia and community members’ 

support of programs tailored to prevent an emerging infectious disease.  

 

In the last chapter, Chapter 9, major findings of the project are summarised and 

discussed. The chapter also presents recommendations for designing 

community-based and vaccine-based prevention programs for major arboviruses 

in Indonesia. 
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2.1 PREAMBLE  

This chapter provides an overview of dengue, chikungunya and Zika infection 

including the causative agent biology, epidemiology, transmission, treatment 

and control. It emphasizes the current situation of infections in Indonesia. Two 

systematic reviews, (a) serotypes and genotypes of DENV circulating in 

Indonesia and (b) current epidemiology of chikungunya in Indonesia, are 

presented in this chapter. Besides the review of available literature, an analysis of 

the incidence rate (IR), the case fatality rate (CFR) and the geographical 

distribution of dengue and chikungunya in Indonesia based on the National 

Disease Surveillance database from Indonesian Ministry of Health (MoH) are all 

presented. This chapter forms the background for formulation of the overarching 

aims of the thesis.   

 

2.2 INTRODUCTION  

Arboviruses (arthropod-borne viruses) are a group of viruses transmitted by 

arthropods mainly mosquitoes and ticks [1, 85]. Although biting flies, midges, 

and ticks can transmit certain arboviruses, mosquitoes are the main vector [85]. 

Arboviruses exist in a transmission cycle between blood-feeding arthropod 

vectors and amplifying, vertebrate hosts. With most arboviruses, humans are an 

incidental host (dead-end) because they do not contribute to the transmission 

cycle of the viruses [1, 85]. Arboviruses are classified according to antigenic 

relationships, morphology, and replicative mechanisms. There are six different 

families of arboviruses: Togaviridae, Flaviviridae, Bunyaviridae, Rhabdoviridae, 

Orthomyxoviridae, and Reoviridae (Figure 2.1) [85, 86]. Each family consists of 

one or more genus. The most clinically significant of the arboviruses belong to 

the genera of either Flavivirus (a member of Flaviviridae family) or Alphavirus (a 

member of Togaviridae family) [86]. The five human epidemic arboviruses that 

have emerged in both hemispheres during recent centuries, DENV, ZIKV, West 

Nile virus (WNV), yellow fever virus (YFV), and CHIKV, belong to these genera 

[87, 88]. The first three viruses belong to the Flavivirus genus while the last two 
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are Alphavirus. Among these viruses, DENV, CHIKV and ZIKV considered the 

most epidemiologically important viruses globally [89, 90]. It is estimated that 

approximately 3.9 billion people, living in more than 120 different countries, are 

at risk of becoming infected with any of these three major arboviruses [2]. 

 

Figure 2.1. Classification of arboviruses 
DENV and ZIKV belong to Flavivirus while CHIKV is a member of Alphavirus [86]. 
 

Dengue is caused by infection of any of four serotypes of DENV (DENV-1-

DENV-4) and the infection results in a wide spectrum of clinical symptoms from 

mild flu-like syndrome DF, DHF to the life-threatening DSS that is associated 

with high mortality [91]. In 2009, WHO reclassified dengue into probable 

dengue, dengue without warning signs, dengue with warning signs and severe 

dengue [92]. Dengue is the most important mosquito-borne viral disease in 

humans [3]. It is the most common arbovirus infection worldwide, with a 30-fold 

increased incidence in the past 50 years [93] and over 50% of the world’s 

population live in areas at risk of the DENV infection [94]. In Indonesia, dengue 

is hyperendemic and all four DENV serotypes circulate in at least 433 regencies 

(84.7%); more than 200 million people are at risk of infection [95]. A recent 

nationwide study found that over half of children have been infected by the age 
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of 5 [96] and the incidence of DHF has rapidly increased from 0.05 in 1968 to 

approximately 39.80 per 100,000 population in 2014 [7, 95]. It is estimated that 30 

million dengue infections occur in Indonesia annually [97] with approximately 

1% case-fatality rate [98].  

 

The first well-characterised chikungunya outbreak was reported in Southern 

Province, Tanganyika territory of Tanzania in 1952 [35, 36]. Sporadic 

chikungunya outbreaks were subsequently identified in parts of Africa and Asia 

during the 1950s and 1960s, followed by an apparent re-emergence  in the 2000s 

[37]. Since 2005, large-scale outbreaks of chikungunya sweeping across south-

western Indian Ocean and Southeast Asia with millions of cases [99-111]. In 

Indonesia, based on official documents from MoH, chikungunya cases were 

reported for the first time in Samarinda (Kalimantan Island) in 1973 [112-116]. 

The first virologically confirmed chikungunya outbreak was reported in June 

1982 in Jambi Province of Sumatra Island, followed by multiple outbreaks 

between 1983 and 1984 [117]. In 2001, after not being recorded in Indonesia for 

approximately 20 years, CHIKV re-emerged and caused multiple outbreaks in 

South Sumatra, Aceh and West Java [112]. Since then multiple outbreaks have 

been reported in Indonesia [10, 38-40, 112, 118-124].  

 

ZIKV was identified for the first time in a sentinel monkey in Uganda in 1947 

[125], and in humans in Nigeria in 1954 [51]. Zika outbreaks have more recently 

been reported in Oceanian countries since 2007 [52, 126] and in the Americas 

since 2014 [127-129]. On February 1, 2016, the WHO declared Zika as a public 

health emergency of international concern, and as of March 10, 2017, 31 countries 

and territories have reported microcephaly and/or central nervous system 

malformation cases associated with ZIKV infection [129]. Serology studies [56, 

130, 131], case reports from travellers [57, 58] and molecular virology studies 

[132, 133] provide evidence that ZIKV is present in Indonesia. In addition, the 

potential misclassification of Zika and dengue diagnoses due to antigenic 
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similarity, similar clinical presentations and the lack of a widely available specific 

Zika diagnostic test, could lead to underestimation of Zika cases in the country 

[60]. A recent modelling study also ranked Indonesia as the third country most at 

risk for ZIKV exposure [61]. In aggregate, this evidence suggests that Indonesia is 

at risk for a Zika epidemic.  

 

2.3 DENGUE 

2.3.1 Biology of DENV 

2.3.1.1 The structure of DENV  

The mature DENV virion is characterized by a smooth surface approximately 50 

nanometre (nm) in diameter whereas the immature virion is 60nm in diameter 

with spiky surface [134]. The genome encodes three structural proteins (capsid 

[C, 100 amino acids], pre-membrane/membrane [prM/M, 75 amino acids] and 

envelope [E, 495 amino acids], and seven non-structural (NS) proteins (NS1, 

NS2A, NS2B, NS3, NS4A, NS4B and NS5) [134]. Structural proteins form the 

components of the DENV virion whereas non-structural proteins are involved in 

RNA replication [135]. A detailed description of the structural and non-structural 

protein of DENV is presented in Table 2.1.  

 

The NS1 is a 45 kilodalton (kDa) N-linked glycoprotein involved in the RNA 

replication complex. It is synthesized as a monomer and after modification and 

processing in endoplasmic reticulum and the trans-Golgi network, it is secreted 

as a hexameric lipoprotein particle into the extracellular space and blood [136]. 

The NS1 has been used as target of new enzyme-linked immunosorbent assay 

(ELISA) and rapid immunochromographic assay [137]. Single NS1-based test has  

good diagnostic utility as a screening tool and to confirm DENV infection [138]. 
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Table 2.1. Description of the structural and non-structural proteins of DENV 
 
Protein Structure Function(s) 
C A 100 amino acid (aa) residues homodimeric protein, 

containing four α-helical regions and an intrinsically 
disordered N-terminal domain.  

C is involved in genome encapsidation. 

prM/M prM is a 166 aa residues protein while M consists 75 
aa residues.  

prM/M functions as a cap-like structure that protect the fusion 
peptide E from undergoing pre-mature fusion before virus 
release. 

E A 493-495 aa residues (53 kDa) class II N-glycosylated 
dimeric membrane fusion protein. In mature DENV, E 
is found as 90 homodimers that lie flat against the 
DENV surface forming a ‘smooth’ protein shell. Each 
of the monomer subunits is composed of three 
distinct domains (I, II and III).  

E mediates virus binding and fusion to host cell membrane 
(domain III) and is responsible for the determination of host 
range, tropism and virulence (domain III).  

NS1 A 46 kDa dimeric glycosyl-phosphatidylinositol (GPI) 
anchored protein that exists in both intra- and 
extracellular forms.  

NS1 is involved in the viral RNA replication complex as well as 
in viral defence through inhibition of complement activation.  

NS2A A 218 aa residues protein with 22 kDa of weigh.  NS2A involved in the coordination of change between RNA 
packaging and replication and antagonism of interferon (IFN).  

NS2B A 130 aa residues (14 kDa) protein and is a 
membrane-associated protein.  

NS2B associates with NS3 to form the DENV protease complex 
and serves as a cofactor in the structural activation of the 
DENV serine protease of NS3.  

NS3 A 618 aa (70 kDa) protein. The protease domain is N-
terminal (residues 1–180) while the helicase domain is 
located at residues 180–618.  

NS3 is multifunctional protein with chymotrypsin-like serine 
protease, RNA helicase, and RNA triphosphatase 
(RTP/NTPase) enzyme activity. NS3 is involved in cleaving the 
DENV polyprotein as well as RNA replication.  

NS4A and NS4B  NS4A and NS4B are small hydrophobic proteins 
consist 150 aa (16kDa) and 245-249 aa (27kDa), 
respectively. Both of them are integral membrane 
proteins.  

NS4A induces membrane alterations that are important for 
virus replication. NS4B assists viral RNA replication through 
its direct interaction with NS3 and blocks IFN-induced signal 
transduction.  



19 
 

Protein Structure Function(s) 
NS5 A 900 aa residues (104 kDa) protein and is the most 

conserved protein. The methyltransferase domain is 
located at residues 1–269 while RNA-dependent RNA 
polymerase located at residues 270–900.  

NS5 is bifunctional enzyme with a methyltransferase and a 
RNA-dependent RNA polymerase activity.  

Sources: [134, 135, 139, 140] 
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The NS2A is a ~22 kDa protein that also has a pivotal role in the replication 

complex. Another NS protein, NS3 (618 amino acids), has multiple enzyme 

activities such as chymotrypsin-like serine protease activity, RNA helicase and 

RTPase/NTPase activity [134, 135]. NS4A and NS4B, 16 kDa and 27 kDa in 

weight, respectively, are integral membrane proteins and induce membrane 

alterations that are important for DENV replication [134, 135]. Lastly, NS5, 104 

kDa in weight, is the DENV methyltransferase-polymerase [135].   

 

2.3.1.2 The genome of DENV 

The DENV genome has poor translation fidelity and a high mutation frequency 

(approximately 10-3-10-5 per nucleotide per round of replication) [141]. The DENV 

genome, approximately 11 kilobase pairs (kbp) long, is a positive polarity single-

stranded RNA (ssRNA) and has a long open reading frame (ORF) flanked by two 

untranslated regions (5'UTR and 3'UTR) [135]. It has a type 1 cap structure 

(m7GpppAmpN2) at the 5'UTR end and lacks a poly(A) tail at the 3'UTR end 

[142, 143]. In 5'UTR, between 95 to 101 nucleotides long, there are six elements 

namely stem-loop A (SLA), stem-loop B (SLB), 5’-upstream AUG region (5’-

UAR), 5’-downstream AUG region (5’-DAR), C-coding region hairpin (cHP) and 

5’-cyclization sequence (5’-CS) (Figure 2.2). The last three elements are located 

within C protein-coding region [144]. Stem-loop A acts as the promoter for the 

viral RdRp (NS5) [145] and interaction between NS5 and SLA is necessary for 

viral replication [146]. Stem-loop B contains essential sequences for long range 

RNA-RNA interaction and genome replication [146]. Both sequences, 5’-UAR 

and 3’-UAR, are involved in genome cyclization [142]. The downstream AUG 

region is involved in RNA replication and DENV circularization [144]. The C-

coding region hairpin, 14-nt long, is responsible for translation initiation from the 

C-start codon during translation and important for RNA synthesis [144]. The 5’-

cyclization sequence mediates RNA–RNA interaction between the 5’- and 3’-ends 

of the viral genome and therefore is essential for genome cyclization [147].   
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The ORF, containing structural and non-structural protein, is translated into a 

polyprotein that is processed co- and post-translationally by cellular and viral 

proteases, to produce ten mature viral proteins [144]. The N-terminal region of 

ORF encodes three structural proteins (C, prM/M, and E) and followed by seven 

NS proteins [134, 144] (Figure 2.2). The 3’UTR, approximately 450-nt long, is 

important for DENV replication and it modulates viral growth and RNA 

syntheses in mammalian cells [148].  

 

 
Figure 2.2. Schematic of DENV genome 
The ORF consists three structural proteins (C, prM and E) and seven non-
structural proteins (NS1, NS2A, NS2B, NS3, NS4A, NS4B and NS5). CS: 
cyclization sequence, UAR: upstream AUG region, UTR: untranslated region. 
Source [142]. 
 

  
2.3.1.3 The life cycle of DENV 

The DENV replication includes several steps. In the first step, DENV binds to 

cell-surface attachment molecules and receptors, and is internalized through 

endocytosis (receptor-mediated endocytosis). Some attachment molecules and 

receptors have been identified for DENV in mammalian cells including 

glycoaminoglycans, heat-shock protein, neolactotetraosylceramide, CD14, C-type 

lectins such as dendritic cell-specific intracellular adhesion molecule-3 (ICAM3)-

grabbing non-integrin (DC-SIGN), the mannose receptors and others [140, 149]. 

The E protein is the major part of the DENV that is involved for receptor-binding 

activity during viral entry [140].  
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Upon internalization, the low pH of the endosome triggers a conformational 

change in the E protein that mediates fusion of viral and cellular membranes, 

allowing disassembly of the DENV [140, 149]. The DENV nucleocapsid is 

released into the cytoplasm whereupon the virus uncoats and releases the DENV 

genome into the cytoplasm, where it is translated into a polyprotein that is 

processed by viral and cellular proteases [140]. The incoming positive-strand 

genome serves as mRNA for translation into a single polyprotein, and 

subsequently, as template for RNA synthesis. The polyprotein is then directed to 

the endoplasmic reticulum and is cleaved into the individual structural and NS 

proteins by host signalases and viral NS3 protein [135]. The newly synthesized 

RNA can be used for new rounds of translation or as substrate for encapsidation 

[142].  

 

The input strand translation is followed by a switch from translation to synthesis 

of a negative-strand intermediate, which serves as a template for new positive-

strand viral RNA [140]. Viral RNA and proteins are then assembled into 

immature progeny virion at the endoplasmic reticulum membrane. Immature 

virions are transported through the secretory pathway (acidic environment of the 

trans-Golgi network) where the immature (spiky) virion transforms to mature 

(smooth) morphology [135, 140]. In the maturation process, the pr peptide is 

cleaved from prM and M remains in the mature particle as a transmembrane 

protein. This process is mediated by a host encoded furin protease [150]. In the 

final step, mature virion is released from the cells.  

 

2.3.1.4 The origin of DENV  

There is strong evidence that the DENVs originated in monkeys (sylvatic DENV) 

in Africa and Asia and cross-species transfer to humans subsequently occurred 

independently in all four serotypes [151, 152]. Sylvatic DENVs in Africa or Asia 

that utilize nonhuman primate hosts and forest-dwelling Aedes vectors are 

hypothesized to be ancestral for urban transmission [139]. It is believed that 
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sylvatic DENVs emerged 1,000 years ago and transmission in human populations 

established as recently as the past few hundred years [153-155].  

 

Malaysia is considered the sheltering area of the sylvatic ancestral DENV lineage 

for all serotypes [156, 157]. A recent study suggests that DENV-1 evolved in Asia 

and later spread into Africa and the Americas [157]. The oldest DENV-1 isolate, 

Mochizuki strain, was isolated in 1943 in Japan, followed by reports in Africa in 

1984 and for the first time in the Americas in 1977 [156]. DENV-2 diverged from 

the sylvatic ancestor about 400-600 years ago [154, 155]. This serotype was first 

reported in 1944 in Asia (Papua New Guinea (PNG) and Indonesia), in 1964 in 

Africa (Nigeria) and in 1953 in the Americas (Republic of Trinidad and Tobago) 

[156]. DENV-3 was first reported in 1953 in Asia (the Philippines and Thailand), 

in 1963 in the Americas (Puerto Rico) and during 1984–1985 in Africa 

(Mozambique) [156]. DENV-4 was reported for the first time in Asia (in the 

Philippines and Thailand) in 1953 and in the Americas (Brazil, Cuba, Dominica, 

Puerto Rico, and the US Virgin Islands) in 1981 [156].  

 

2.3.2 Epidemiology of Dengue  

2.3.2.1 Global incidence and mortality of dengue 

The exact incidence of dengue is difficult to determine but estimates of the true 

number of annual apparent cases range from 50 million to 200 million [6, 158]. 

Apparent cases are defined as all symptomatic infections, including those that 

are undetected by reporting systems. A report using 1,636 country-years of case 

reports of dengue from 76 countries found a substantial increase in the incidence 

of dengue between 1990 and 2013, with the number of apparent cases more than 

doubling every decade, from 8.3 million in 1990, to 58.4 million in 2013 [158]. 

Among cases that occurred in 2013, 10.5 million were treated in the hospital 

setting and 28.1 million were treated in the ambulatory health-care setting, and 

19.7 million remained outside the health-care system [159]. The highest age-



24 
 

standardized incidence rates occurred in Southeast Asia, with an annual average 

of 34.3 cases per 1000 people [158].  

 

Several studies have been conducted to determine the factors associated with the 

high incidence of the dengue in some regions. Except the presence of vectors for 

DENV, demographic, environmental, social, household conditions, and 

ecological factor are associated with dengue incidence or outbreaks ( 

Table 2.2). 

 
Table 2.2. Factors associated with dengue incidence or dengue outbreak 
 

Factors  Reference(s) 
Absent of using vector control agent [160] 
Lack of knowledge about dengue fever [161] 
Higher container index and higher Breteau index [162] 
Lower-altitude cantons, higher temperature, higher humidity and 
higher rainfall 

[162-164] 

Increased age [161, 165, 166] 
Lived near markets, slum area, urban areas or near uncovered sewers   [160, 167, 168] 
The present of mosquito breeding sites in the garden or courtyard 
include the presence of discarded cans, discarded plastic containers, 
discarded tire casings, ponds, temples, receptacles in the plants with 
temporary water pools, gutter to collect rainwater, uncovered water 
storage container, and food or water pans for animals 

[160, 169-172] 

 

Poor housing condition included unscreened houses, high number of 
persons per room, inappropriate shower facilities, no waste 
collection, poor household water storage, absence of air-conditioning, 
and discharging sewage directly into to ponds (open sewers or 
ditches) or using street drainage  

[161, 165-168, 
170, 173-175] 

 

Using 1,780 country-years of mortality data from 130 countries, a recent study 

estimated that an average of 9,221 people died from dengue per year between 

1990 and 2013 with a peak of 11,302 in 2010, and the highest mortality rate was in 

Southeast Asia [158]. In 2013, using data from 32 countries, another study 

estimated a ratio of one death per 5,991 people with a global total of 13,586 

dengue deaths, with 5,838 and 7,748 deaths occurring in children and in adults, 

respectively [159].  
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In 2013, an estimated total of 576,900 years of life were lost to premature 

mortality attributable to dengue, and a total of 566,000 years lived with disability 

(YLD) in which 89.9% of YLDs were from chronic fatigue, 7.8% of were from 

moderate acute infection and 2.9% were from severe acute infection [158]. In the 

same year, dengue was responsible for 1.14 million disability-adjusted life year 

(DALY) [158]. 

 

2.3.2.2 Global economic burden of dengue 

Globally, the average cost per dengue case is approximately US$84.73, US$70.10, 

$51.16 and $12.94 for a fatal cases, cases admitted to hospital, ambulatory cases, 

and cases outside the health-care sector, respectively [159]. The total annual 

global aggregate cost of dengue in 2013 was US$8.9 billion equal with US$1.56 

per capita [159]. This aggregate cost divided to non-fatal cases admitted to 

hospital (US$4093 million), ambulatory non-fatal cases (US$2,987 million), non-

medical cases (US$752 million), and fatal cases (US$1,055 million). However, a 

study in 2011 suggested a higher aggregate cost based on analysis of 95 million 

symptomatic cases occurring in 108 countries [176].  

 

The aggregate annual economic burden because of dengue was US$2.1 billion 

annually during 2000-2007 among American countries and US$950 million 

among Southeast Asian countries, with approximately 52-60% of these costs 

coming from productivity loss [177]. The WHO estimates that Asia represents 

75% of the global burden of dengue, costing Southeast Asia alone US$1billion 

annually [94]. 

 

2.3.2.3 Epidemiology of DHF in Indonesia: Data from National Disease 

Surveillance 

Since the first dengue reports in Jakarta and Surabaya in 1968, the epidemiology 

of dengue in Indonesia has changed over time [7, 178]. Changes in 

epidemiological aspects include that the outbreak trend of DHF has become 
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irregular with a high inter-epidemic background [178], increasing mean age of 

DHF cases, increasing annual IR, and decreasing CFR [7, 178].  

 

Currently, Indonesia reports the highest average number of dengue cases in Asia, 

with frequent epidemic cycles [7, 8]. In 2014, the adjusted national seroprevalence 

of dengue was 69.4% ranging from 33.8% in the 1–4-year-old age group to 89.0% 

in the 15–18 years old age group [8, 179]. The incidence of dengue in Indonesia 

has increased in the last few decades from 0.05 per 100,000 population in 1968 

to 35–40 per 100,000 population in 2013 [7], however, this may reflect increased 

disease reporting as a result of increased knowledge and surveillance systems 

[178, 180]. Recent studies have shown that more than 137 primary dengue 

infections per 1,000 children occur annually in Indonesia, and that half of 

children become infected with DENV at least once by the age of 5 years old [8, 

179].  

 

To provide an update of national epidemiology of DHF in Indonesia, DHF 

database from National Disease Surveillance of the Indonesian MoH was 

analysed. The IR and CFR of DHF over five decades (1968-2017) was analysed. In 

addition, geographical mapping of IRs and CFRs of each province, from 2011-

2016, was created using ArcGIS software [181]. Detailed methods used in this 

study have been published elsewhere.  

 

a. Incidence and fatality rate  

Over a 50-years 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 (Figure 2.3). The IRs of DHF have had a 

cyclic pattern, with peaks occurring approximately every 6–8 years. The IR 

peaks occurred in 1973, 1988, 1998, 2009, and 2016. In 2017, there were 59,047 

DHF cases and 444 DHF-associated deaths in Indonesia with 22.55 per 

100,000 person-years and 0.75% of IR and CFR, respectively.  
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Although the annual IR of DHF has increased significantly over the last five 

decades, the annual CFR has decreased over time. In the late 1960s, the CFR 

was estimated to be more than 20% of those infected, which subsequently 

declined approximately by half each decade since 1980. As of 2016, the CFR 

of DHF was just 0.79% (Figure 2.3). 

 

b. Provincial geographic distribution of DHF cases 

Based on provincial geographical mapping of IRs between 2011 and 2016, 

West Java contributed the highest average number of DHF cases each year. 

Bali has reported the highest IR since 2011, ranging from 65.90 per 100,000 

person-years in 2012 to 484.02 per 100,000 person-years in 2016 (Figure 2.4). 

Interestingly, while Bali has reported the highest dengue incidence annually, 

the CFR has consistently been less than 1% of those infected (Figure 2.5). 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 

(Figure 2.5). 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. 
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Figure 2.3. The IR and CFR of DHF in Indonesia, 1968-2017 
The IR is expressed per 100,000 person-years while CFR is calculated as the number of deaths associated with DHF divided by the number of case and 
expressed as a percentage.  
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Figure 2.4. Provincial IRs of DHF in Indonesia, 2011-2016 
The provincial IRs of DHF are expressed as the number of case per 100,000 civilians. 
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Figure 2.5. Provincial CFRs of DHF in Indonesia, 2011-2016 
The provincial CFRs of DHF are expressed as the number of deaths per 100,000 cases. 
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2.3.3 Transmission of DENV 

DENV is transmitted in urban and forested areas, known as human and sylvatic 

transmission cycle, respectively. Both of these transmission cycles are different 

ecologically and evolutionarily. Human transmission cycle occurs in 128 

countries with the main vectors are Aedes (Ae). aegypti and Ae. albopictus 

mosquitoes. In contrast, sylvatic transmission cycle takes place in the sylvan 

environments in Southeast Asia and West Africa with the main vectors are Ae. 

luteocephalus, Ae. furcifer and Ae. taylori [182]. In the urban setting, DENV 

transmission occurs between humans, whereas in forested areas there are 

additional transmissions: between non-human primates and from non-human 

primates to humans [183]. Transovarial transmission, transmission of DENV 

vertically from mosquitoes to their offspring, is another transmission cycle that is 

essential in maintaining both human and sylvatic transmission cycles during dry 

seasons or interepidemic periods [182]. Therefore, eradication of DENV is a 

challenging effort due to its transmission complexity. Transmission via non-

vector routes including blood transfusion, bone marrow transplant, and 

intrapartum and perinatal transmission has also been reported [184]; there is no 

evidence that DENV may be transmitted via semen [185].  

 

In addition, globalization factors, such as travel and trade are contributed to the 

rapid expansion of DENV [186]. Modern transport accounts for importation of 

dengue by overcoming natural barriers of travel time and geography, which had 

previously limited expansion from endemic areas into non-endemic areas [72]. A 

recently published global dengue risk map classified Indonesia with 

frequent/continuous risk for international travellers [187].  Indonesia  has also 

been consistently identified as a source of DENV infection in travellers and there 

is evidence that introduction of multiple DENV lineages has occurred in the 

country [77, 188]; therefore Indonesia  continuously serves as a hub for DENV 

transmission and mixing [77]. In Australia, for example, a previous study found 

that dengue cases imported in Queensland from 2002-2010, more than 25% were 
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imported from Indonesia [189] and majority of the dengue cases in Western 

Australia were from Bali, imported by travelers [77]. In Taiwan, a study found 

that the genotypes of the imported cases were closely related with Semarang 

isolates [190].   

 

2.3.4 Serotypes, Genotypes and Lineages of DENV 

DENV is classified into four distinct serotypes (DENV-1, DENV-2, DENV-3 and 

DENV-4) that share approximately 65% of the genome namely. Each serotype 

includes several genotypes. A genotype is defined as a group of DENV that have 

no more than 6% sequence divergence  [191]. Globally, DENV-1, DENV-2, 

DENV-3 and DENV-4 can be divided into five (I, II, III, IV, and V), six (Asian I, 

Asian II, Cosmopolitan, American, American/Asian and Sylvatic), four (I, II, III, 

and V) and four (I, II, III, Sylvatic) genotypes, respectively [192-195]. 

Distributions of each genotype are presented in Table 2.3.  

 

Different serotypes or different genotypes within a serotype may cause different 

immune responses  [183], and vary in their ability to infect different target cells 

and their capacity to cause the severe form of dengue [191]. For example, the 

American genotype of DENV-2 replicates with reduced efficiency in Ae. aegypti 

compared to the Asian genotype and therefore is less transmissible [196]. This 

American genotype is also associated with less virulent [191]. Based on 

phylogenetic analysis of E gene sequences, each genotype can further be 

subdivided into multiple lineages [191]. Interestingly, the number of new 

lineages is growing [77, 197, 198].  
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Table 2.3. Classification of DENV genotypes and their distributions    
 

Serotype Genotype Distribution  
DENV-1 I Strains from Southeast Asia, China and East Africa 
 II Strains from Thailand (between 1950s and 1960s) 
 III Sylvatic strain collected in Malaysia and Malaysian strain 

36046 (2005) 
 IV Strains from the West Pacific islands and Australia 
 V Strains collected in the Americas, West Africa, and some 

strains from Asia 
DENV-2 Asian 1 Strains from Malaysia and Thailand 
 Asian 2 Strains from Vietnam, China, Taiwan, Sri Lanka and the 

Philippines 
 Cosmopolitan Strains from Australia, East and West Africa, the Pacific 

and Indian ocean islands, the Indian subcontinent and 
the Middle East 

 American Strains from Latin America and older strains collected 
from the Caribbean, the Indian subcontinent and Pacific 
Islands in the 1950s and 1960s 

 Asian/American Strains from Thailand and Vietnam and strains collected 
in the Americas 

 Sylvatic Strains collected from humans, forest mosquitoes or 
sentinel monkeys in West Africa and Southeast Asia 

DENV-3 I Strains from  Indonesia, Malaysia, the Philippines and 
recent isolates from the South Pacific islands 

 II Strains from Thailand, Vietnam and Bangladesh 
 III Strains from Sri Lanka, India, Africa and Samoa and 1962 

strain from Thailand 
 IV Strains from Puerto Rico, Latin and Central America and 

the 1965 Tahiti strain 
DENV-4 I Strains from Thailand, the Philippines, Sri Lanka, and 

Japan  
 II Strains from Indonesia, Malaysia, Tahiti, the Caribbean 

and the Americas 
 III Thai strains that are distinct from other Thai isolates 
 IV Sylvatic strains from Malaysia 
Sources: [139, 157]  

 

2.3.4.1 Introduction and replacement of genotypes and lineages 

Molecular epidemiological studies may identify turnover (extinction and/or 

replacement) of DENV genotypes and lineages. In one geographic region, a 

particular genotype or lineage could emerge and persist for a number of years 

and then become extinct and be replaced with an entirely new genotype or 

lineage. Lineage turnover might be caused by a stochastic process, or arise due to 

variations in DENV fitness [199]. It has been reported that introduction of new 
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serotypes, genotypes and lineages into a country, and the subsequent 

replacement of endemic viruses, has occurred frequently for all serotypes [13, 

200-208]. For example, within DENV-1 in Thailand in the early 2000s [203] and 

within DENV-2 in Vietnam in the early 2000 [204] as well as in America in the 

early 1990s  [205]. DENV-3 lineage replacements were also identified in Thailand  

[206, 207] and DENV-4 lineage replacement occurred in Puerto Rico during the 

1980s and 1990s [208].  

 

Besides the turnover of DENV genotypes and lineages, new lineages are also 

emerging in some countries. For example, a study in India identified a new 

lineage of DENV-3 during a 2006-2008 outbreak [198]. A new lineage of DENV-2 

Cosmopolitan genotype was identified in a 2011 outbreak in Eastern India and 

this lineage was associated with increased severe dengue incidence [197]. A 

recent study also revealed the emergence of a new lineage of DENV-2 

Cosmopolitan genotype among Western Australian travelers returning from 

Indonesia [77].  

 

2.3.4.2 Implication of introduction and replacement of genotypes and lineages  

Introduction of new groups of viruses to populations with serological naivety 

has the potential to cause unprecedented outbreaks and has been associated with 

more severe dengue manifestations [204, 205, 209, 210]. For example, 

introduction of DENV-2 Asian/American genotype into the Caribbean in 1981 

was associated with higher rates of the severe form of dengue [205]. Replacement 

of DENV-2 Asian/American genotype with DENV-2 Asian 1 genotype in 

Vietnam was attributed with higher viremia levels in patients [204]. A study in 

Peru found that lineage II of DENV-2 Asian/American genotype was associated 

with a severe dengue outbreak in 2010 and 2011 and this lineage was genetically 

distinct from lineage I of DENV-2 Asian/American genotype which had 

previously circulated [209]. In India, introduction of new lineage of DENV-2 

Cosmopolitan genotype was also associated with increased severe dengue 
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manifestation [210]. Lineage I of DENV-2 Asian genotype was associated with a 

higher DENV replication rate in human and mosquito cells compared to DENV-2 

Asian/American genotype [197]. This may be associated with higher transmission 

in both humans and vectors, and as a consequence responsible for major 

outbreaks in several countries [197]. Therefore, it is critical to monitor the 

introduction of genotypes and lineages of DENV and to track the spread of 

genotypes and lineages that are known to be associated with severe forms of 

dengue.  

 

Molecular epidemiology studies also allow the spread of particular genotypes or 

lineages from one region to another, to be tracked. For example, phylogenetic 

analysis has shown that either Malaysia or Thailand was the most likely ancestral 

area where DENV-4 originated and subsequently spread to other countries [211]. 

In another example, a phylogenetic study of 45 different geographic areas 

revealed that Indonesia and Thailand were the main sources of DENV-1 strains 

that circulate in other countries [157]. Furthermore, a study found that the 

continuing transmission of dengue in the Pacific (New Caledonia) was due to 

direct and multiple introductions of DENV from Asian countries [212].  

 

2.3.5 Serotype and Genotype of DENV Circulating in Indonesia: A 

Systematic Review 

Studies relating to the molecular epidemiology of dengue have been conducted 

in several major Indonesian cities and regions, including Bali [213], Jakarta [214], 

Jambi [215], Makassar [188], Semarang [17], Sukabumi [216], Surabaya [217], and 

Purwokerto [218]. Similar studies have also been conducted in other regions of 

Indonesia, with local inhabitants [13, 219, 220] or travellers returning from 

Indonesia [77, 189, 201, 221-225]. Although these studies have been important for 

determining DENV serotypes, genotypes and lineages circulating in Indonesia, 

the data reported represents only single cities or sites at a particular time and 

fails to provide a comprehensive picture of circulating DENV throughout 
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Indonesia, overtime. To provide a national epidemiological and evolutionary 

overview of DENV circulating in Indonesia between 1973 and 2016, a systematic 

review of available literature and phylogenetic analysis were conducted. Detailed 

method used in the systematic review has been published elsewhere [226].  

 

2.3.5.1 DENV serotype in Indonesia 

The literature search yielded 2,217 references and the detailed flowchart of 

literature searches is presented in Figure 2.6. There were 67 eligible studies [14-

17, 75-77, 188, 213-219, 224, 227-277] of which 13 references were from national 

journals [229, 230, 238, 239, 241, 247, 254, 262, 271-274, 276]. An additional eleven 

studies were included from reference list [74, 201, 223, 278-285]. In total, 78 

eligible studies were included for DENV serotype analysis [14-17, 74-77, 188, 201, 

213-219, 223, 224, 227-285]. Of these references, several shared all or a partial set 

of data [201, 227, 240, 241, 243, 246, 247, 265, 267, 271, 272, 275, 278, 279]. In this 

situation, only one set of data was used, yet both studies were listed as 

references. Of all the eligible studies, four studies were based on mosquito 

isolates [230, 252, 253, 261] while the remaining studies assessed DENV isolates 

from human samples [14-17, 74-77, 188, 201, 213-219, 223, 224, 227-229, 231-251, 

254-260, 262-285]. Sixty two studies investigated dengue cases among local 

inhabitants of Indonesia [14-17, 188, 213-219, 227-243, 245-257, 260-276, 280, 281, 

285] and the remaining 16 reported traveller-associated dengue cases from other 

countries [74-77, 201, 223, 224, 244, 258, 259, 277-279, 282-284].  A list of the 

eligible studies and their DENV serotype findings are presented in Table 2.4. 
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Figure 2.6. Flowchart of dengue literature search according to PRISMA 
A full assessment of the 120 references resulted in the exclusion of 53 references as they 
did not fulfil the following criteria: full texts were unavailable and the available abstracts 
did not include adequate information to satisfy our outcome, the full text did not include 
adequate or complete serotype data, the article was not in English or Indonesian and for 
the use of non-standard methods for serotyping, case reports, and studies that had 
repetitive data.  
 

Systematic review data indicate that between the 1970s and 1990s almost all 

dengue outbreaks were attributed to DENV-3 viruses [16, 247, 249, 265, 269]. The 

first well-characterized major outbreak that involved DENV-3 viruses occurred 

in Bantul, in the Central Java province from October 1976 to March 1977, with 

1,260 reported cases and 32 deaths [247, 265]. Against a background of numerous 

dengue outbreaks being reported in Indonesia, several well-characterised DENV-

3 associated outbreaks have been reported including outbreaks that occurred in 
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Sleman, Central Java province (January 1978) [16], Palembang, South Sumatera 

province (January-April 1998) [269], Jayapura, Papua province (September 1993 

to February 1994) [249], and in Merauke, Papua province (April 2001) [237]. 

During the 1970s and 1990s, there was no report of a dengue outbreak that was 

associated with the DENV-1, -2 or -4 serotypes. Systematic review also revealed 

that DENV-3 was the predominant serotype in circulation in Indonesia until the 

late 1990s [16, 235-237, 242, 249, 263, 264, 269, 286]. Although there was one 

report, covering a wide time frame (1875-1991), that found that DENV-1 was the 

predominant serotype in some years (such as 1975, 1990, 1991), the cumulative 

data of time frame also found that DENV-3 was the predominant serotype (49.9% 

out of isolated DENVs) followed by DENV-2 (29.6%) and DENV-1 (14.6%) [242]. 

 

In the early 2000s, studies revealed that DENV-3 was no longer the predominant 

serotype, and had been replaced by DENV-2 and DENV-1 [250, 278, 287]. There 

was no homogenous pattern of DENV serotype circulating in Indonesia during 

the early 2000s where DENV-2 was predominant in some regions [250, 257] 

including among travellers [201, 278] while DENV-1 was the predominant 

serotype in other regions [245, 257]. Interestingly, DENV-3 had not been 

completely replaced during this time and continued to circulate in some regions 

before it re-emerged in 2004 and caused a large and severe outbreak in Jakarta 

with 58,301 cases and 658 deaths [14, 15]. In 2004 and 2008, DENV-4 was the 

dominant serotype in several regions including West Java [257] and Yogyakarta 

[229], and was also the predominant serotype among DENVs isolated from 

travellers returning to Australia during 2007-2008 [283]. These data suggest that 

each DENV serotype was highly active in Indonesia during the early 2000s and 

there was no homogenous pattern of serotype distribution. 
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Table 2.4. DENV serotypes circulating in Indonesia overtime 
 

Predominant  
serotype 

Location  Year(s) n Serotypes (%) Reference(s) 
DENV-1 DENV-2 DENV-3 DENV-4 

3 Jakarta  1971 2 0 (0.0) 0 (0.0) 2 (100.0) 0 (0.0) [231] 
1 Indonesia  1975 9 4 (44.4) 3 (33.3) 2 (22.2) 0 (0.0) [242] 
3 Jakarta  1975-1977 129 23 (17.8) 38 (29.5) 59 (45.7) 9 (7.0) [264] 
3 Jakarta 1975-1978 154 28 (18.2) 44 (28.6) 73 (47.4) 9 (5.8) [236] 
3 Jakarta 1975-1978 153 28 (18.3) 44 (28.7) 73 (47.7) 9 (5.8) [263] 
3 Jakarta 1975-1983 142 22 (15.5) 50 (35.2) 67 (47.2) 3 (2.1) [235] 
3 Indonesia 1976 108 18 (16.6) 21 (19.4) 54 (50.0) 15 (13.8) [242] 
1 Central Java a 1976 29 17 (58.6)  0 (0.0) 12 (41.4) 0 (0.0) [261] 
3 Bantul 1976 45 8 (17.8) 0 (0.0) 27 (60.0) 10 (22.2) [247, 265] 
3 Indonesia 1977 95 10 (10.5) 20 (21.0) 56 (58.9) 9 (9.4) [242] 
2 Indonesia 1978 46 7 (15.2) 21 (45.6) 18 (39.1) 0 (0.0) [242] 
3 Central Java 1978 8 0 (0.0) 0 (0.0) 8 (100.0) 0 (0.0) [16] 
2 Indonesia 1979 39 5 (12.8) 18 (46.1) 14 (35.8) 2 (5.1) [242] 
3 Indonesia 1980 44 6 (13.6) 15 (34.0) 22 (50.0) 1 (2.5) [242] 
3 Indonesia 1981 54 9 (16.6) 14 (25.9) 29 (53.7) 2 (3.7) [242] 
3 Indonesia 1982 48 7 (14.5) 20 (41.6) 21 (43.7) 0 (0.0) [242] 
2 Indonesia 1983 41 5 (12.2) 17 (41.1) 16 (39.0) 3 (7.3) [242] 
3 Indonesia 1984 35 4 (11.4) 12 (34.2) 18 (51.4) 1 (2.8) [242] 
3 Indonesia 1985 26 3 (11.5) 10 (38.5) 13 (50.0) 0 (0.0) [242] 
3 Indonesia 1986 93 17 (18.2) 33 (35.5) 39 (41.9) 4 (4.3) [242] 
3 Indonesia 1987 87 11 (12.6) 17 (19.5) 53 (60.9) 6 (6.8) [242] 
3 Jakarta 1987-1988 151 25 (16.2) 20 (13.2) 105 (69.5) 1 (0.7) [248] 
3 Indonesia 1988 56 9 (16.1) 12 (21.4) 32 (57.1) 3 (5.3) [242] 
3 Jakarta 1988 17 3 (17.6) 0 (0.0) 14 (88.2) 0 (0.0) [243, 267] 
3 Indonesia 1989 10  1 (10.0)  2 (20.0) 7 (70.0) 0 (0.0) [242] 



40 
 

Predominant  
serotype 

Location  Year(s) n Serotypes (%) Reference(s) 
DENV-1 DENV-2 DENV-3 DENV-4 

1 Indonesia 1990 120  48 (40.0) 30 (25.0) 33 (27.5) 9 (7.5) [242]  
1 Indonesia 1991 11 5 (45.4) 3 (27.3) 2 (18.2) 1 (9.1) [242] 

1,3 Indonesia 1992 33 9 (27.3) 8 (24.2) 9 (27.3) 7 (21.2) [242] 
3 Irian Jaya 1993-1994 9 2 (22.2) 1 (11.1) 6 (66.7) 0 (0.0) [249] 
3 Yogyakarta 1995-1996 7 1 (14.3)  1 (14.3) 4 (57.1) 1 (14.3) [266]  
3 Sumatera 1998 77 29 (37.7) 12 (15.6) 33 (42.9) 3 (3.9) [269] 

1,2,3 Yogyakarta  1995-1999 180 59 (26.8) 52 (23.6) 50 (22.7) 19 (8.6) [251] 
2 West Java 2000 11 2 (18.2) 8 (72.7) 1 (90.1) 0 (0.0) [257] 
3 Merauke 2000-2001 5 0 (0.0) 0 (0.0) 0 (100.0) 0 (0.0) [237] 
2 Bandung 2000-2002 53 11 (20.7) 24 (44.4) 8 (14.8) 10 (18.5) [250] 
3 Bandung 2000-2004 

2006-2009 
195 35 (17.9) 42 (21.5) 81 (41.5) 37 (18.9) [256] 

2 West Java 2001 32 5 (15.6) 15 (46.8) 4 (12.5) 8 (25.0) [257] 
1 Semarang 2001-2003 16 7 (43.7) 4 (25.0) 4 (25.0) 1 (6.2) [288] 
1 West Java 2002 14 7 (50.0) 0 (0.0) 3 (21.4) 4 (28.6) [257] 
3 Indonesia  2003 7 3 (42.8) 0 (0.0) 4 (57.1) 0 (0.0) [201, 278] 
1 West Java 2003 38 14 (36.8) 2 (5.2)  9 (23.6) 13 (34.2) [257] 
2 Surabaya 2003-2005 25 0 (0.0) 20 (80.0) 4 (16.0) 1 (4.0) [289] 
2 Indonesia 2004 11 2 (18.2) 6 (54.5) 1 (9.1)  2 (18.2) [201, 278] 
3 Jakarta 2004 28 2 (7.1) 4 (14.3) 18 (64.3) 4 (14.3) [14] 
4 West Java 2004 21 3 (14.2) 5 (23.8) 6 (28.6) 7 (33.3) [257] 
3 Indonesia 2004 15 1 (6.7) 2 (13.3) 10 (66.7) 2 (13.3) [15] 
1 Indonesia 2005 23  9 (40.9) 5 (22.7) 7 (31.8) 2 (9.1) [201, 279] 
3 West Java 2006 4 0 (0.0) 0 (0.0) 4 (100.0) 0 (0.0) [257] 
4 Yogyakarta 2006 10 0 (0.0) 2 (20.0) 2 (20.0) 6 (60.0) [290] 
1 Indonesia 2006  13 5 (38.4) 4 (30.7) 3 (23.1) 1 (7.7) [201]  

Indonesia 2006-2007 3 1 (33.3) 1 (33.3) 0 (0.0) 1 (33.3) [282] 
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Predominant  
serotype 

Location  Year(s) n Serotypes (%) Reference(s) 
DENV-1 DENV-2 DENV-3 DENV-4 

4 West Java 2007 18 1 (5.5) 4 (22.2) 6 (33.3)  9 (50.0) [257] 
2 Indonesia 2007 28 8 (28.6) 10 (35.7) 8 (28.6) 2 (7.1) [201] 
2 Surabaya 2007 67  0 (0.0) 60 (89.5) 7 (7.4) 0 (0.0) [289] 
1 Makassar 2007 30 12 (40.0) 10 (33.3) 5 (16.7) 3 (10.0) [188] 
4 Indonesia  2007-2008 39 6 (15.3) 7 (17.9) 8 (20.5) 18 (46.2) [283] 
3 Jakarta 2007-2009 81 10 (12.3) 29 (35.8) 39 (48.2) 3 (3.7) [260] 
4 West Java 2008 24 5 (20.8) 1 (4.2) 7 (29.2) 11 (45.8) [257] 
3 West Java 2008 180 34 (18.6) 48 (26.0) 88 (47.8) 10 (5.4) [280] 
2 West Java 2008 31 3 (9.6) 17 (54.8) 9 (29.0) 2 (5.5) [273] 
2 Surabaya 2008 31 9 (29.0) 21 (67.7) 0 (0.0) 1 (3.2) [13] 
2 Surabaya 2008 20 0 (0.0) 20 (100.0) 0 (0.0) 0 (0.0) [289] 
2 Surabaya 2008 39 17 (43.6) 21 (53.8) 0 (0.0) 1 (2.6) [219] 
1 Makassar 2008 42 20 (47.6) 13 (30.9) 6 (14.2) 6 (14.2) [188] 
2 Indonesia  2008 32 8 (25.0) 11 (34.4) 3 (9.3) 10 (31.2) [223] 
2 Surabaya a 2008 2 0 (0.0) 2 (100.0)  0 (0.0) 0 (0.0) [252] 
1 Surabaya  2008-2009 76 67 (85.9) 5 (6.4) 0 (0.0) 4 (5.1) [13] 
3 Indonesia  2008-2009 12 0 (0.0) 5 (41.6) 5 (41.6) 2 (16.7) [284] 
1 Jakarta b 2009 165 64 (37.4) 36 (21.1) 41 (24.0) 24 (3.5) [214] 
2 Indonesia  2009 45 8 (17.7) 14 (31.1) 12 (26.7) 11 (24.4) [223] 
1 Surabaya  2009 73 64 (87.7) 5 (6.8) 0 (0.0) 4 (5.5) [219] 
1 Kupang a 2009 10 10 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) [230] 
3 West Java 2009 25 4 (16.0) 7 (28.0) 12 (48.0) 2 (8.0) [257] 
2 Surabaya 2009 70 1 (1.4) 65 (92.9) 2 (3.8) 1 (1.4) [291] 
1 Surabaya & Sidoarjo 2009 91 79 (87.0)  6 (6.5) 0 (0.0) 6 (6.5) [289] 
3 West Java 2009-2010 47 3 (6.3) 14 (29.7) 27 (57.4) 3 (6.3) [274] 
1 Surabaya 2009-2010 71 71 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) [13] 
2 Indonesia 2009-2010 132 34 (25.7) 66 (50.0) 22 (16.7) 10 (7.6) [74] 
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Predominant  
serotype 

Location  Year(s) n Serotypes (%) Reference(s) 
DENV-1 DENV-2 DENV-3 DENV-4 

1 Surabaya a 2009-2011 36 36 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) [252] 
2,3 Jakarta c 2010 24 5 (20.8) 8 (33.3) 8 (33.3) 3 (12.5) [232] 
1 Makassar  2010 8 3 (37.5) 3 (37.5) 2 (25.0) 0 (0.0) [188] 
1 Surabaya 2010 66 66 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) [219] 
1 Surabaya 2010 27 27 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) [289] 
1 Bandung  2010-2011 27 13 (48.1) 8 (29.6) 4 (14.8) 2 (7.4) [254] 
2 Jakarta 2010 69 15 (21.7) 26 (37.7) 20 (29.0) 8 (11.6) [271, 272] 
1 Indonesia 2010 42 18 (42.8) 15 (35.7) 3 (7.2) 6 (14.3) [77] 
1 Indonesia  2010 67 24 (35.8) 20 (29.8) 14 (20.9) 9 (13.4) [223] 
1 Indonesia 2010-2011 435 190 (43.7) 91 (20.9) 104 (23.9) 50 (11.5) [292] 
1 Indonesia d 2010-2012 141 76 (53.9) 14 (10.0) 11 (7.8) 32 (22.6) [246, 275]   
1 Surabaya a 2008-2015 109 57 (52.2) 44 (40.3) 3 (2.7) 5 (4.6) [293] 
1 Indonesia  2009-2015 10 5 (50.0) 4 (40.0) 0 (0.0) 1 (10.0) [221] 
1 Surabaya 2011 264 222 (84.1) 23 (8.7) 0 (0.0) 1 (0.4) [219] 
1 Sidoarjo 2011 43 40 (93.0) 3 (7.0) 0 (0.0) 0 (0.0) [294] 
1 Surabaya 2011 203 182 (89.6) 20 (9.8) 0 (0.0) 1 (0.5) [294] 
1 Indonesia 2011 6 4 (66.6) 2 (16.7) 0 (0.0) 2 (16.7) [77] 
2 Indonesia  2011 17 3 (17.6) 6 (35.3) 5 (29.4) 3 (17.6) [295] 
1 Indonesia 2011-2013 3 2 (66.6) 0 (0.0) 1 (33.3) 0 (0.0) [277] 
1 Semarang e 2011-2012 22 11 (50.0) 4 (18.1) 4 (18.1) 3 (13.6) [17] 
2 Indonesia 2011-2012 217 30 (13.8) 168 (77.4) 11 (5.0) 8 (3.6) [79] 
1 Tanggerang 2011-2012 59 19 (32.2) 16 (27.1) 17 (28.8) 7 (11.9) [268] 
1 Surabaya 2012 83 62 (74.6) 7 (8.4) 7 (8.4) 7 (8.4) [217] 
2 Indonesia  2012 32 4 (12.5) 17 (53.1) 5 (15.6) 6 (18.7) [295] 
2 Sukabumi 2012 25 5 (20.0) 16 (64.0) 0 (0.0) 3 (16.0) [216] 
4 Aceh 2012 16 3 (18.8) 2 (12.5) 2 (12.5) 9 (56.2) [296] 
2 Indonesia 2012 26 0 (0.0) 26 (100.0) 0 (0.0) 0 (0.0) [77] 
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Predominant  
serotype 

Location  Year(s) n Serotypes (%) Reference(s) 
DENV-1 DENV-2 DENV-3 DENV-4 

1 Surabaya 2012 75 68 (90.7) 7 (9.3) 0 (0.0) 0 (0.0) [219]  
1 Surabaya 2013 69 47 (68.1) 19 (27.5) 3 (4.4) 0 (0.0) [219] 
1 Surabaya f 2012 71 52 (71.8) 8 (11.2) 11 (15.4) 9 (12.6) [285] 
2 North Sulawesi 2012 107 32 (29.9) 43 (40.1) 25 (23.3) 7 (6.5) [281] 
1 Indonesia 2012-2013 87 43 (49.4) 20 (22.9) 22 (25.3) 2 (2.3) [78] 
1 Manado 2012-2015 91 54 (59.3) 1 (1.1) 16 (17.5) 20 (1.9) [228] 
1 Surabaya 2013 69 47 (68.1) 19 (27.5) 3 (4.3) 0 (0.0) [219, 297] 
1 Sidoarjo 2012 17  17 (100.0) 0 (0.0) 0 (0.0)  0 (0.0) [294] 
1 Surabaya 2012 79 79 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) [294] 
1 Surabaya 2013 15 8 (53.3) 0 (0.0) 2 (13.3) 5 (33.3) [294] 
4 Madura 2013 25 1 (4.0) 0 (0.0) 0 (0.0) 24 (96.0) [294] 
4 Lombok 2013 4 0 (0.0) 0 (0.0) 0 (0.0) 4 (100.0) [294] 
1 Indonesia  2013 39 16 (41.0) 11 (28.2) 12 (30.8) 0 (0.0) [295] 
1 Indonesia  2013-2014 398 260 (65.3) 53 (13.3) 61 (15.3) 24 (6.0) [298] 
2 Jakarta 2013-2015 103 24 (23.3) 35 (33.9) 29 (28.1) 15 (14.5) [233] 
2 Surabaya 2014 14 1 (7.2) 13 (92.8) 0 (0.0) 0 (0.0) [255] 
1 Indonesia 2014 6 5 (83.3) 0 (0.0) 1 (16.7) 0 (0.0) [225] 
3 Indonesia 2014 44 12 (27.3) 10 (22.7) 20 (45.4) 2 (4.5) [224] 
2 Indonesia  2015 52 16 (30.7) 19 (36.5) 15 (28.8) 2 (3.8) [295] 
1 Jambi 2015 94 63 (65.9) 24 (24.5) 2 (2.1) 5 (5.3) [215] 
3 Bali g 2015 149 43 (28.0) 26 (17.0) 74 (48.0) 6 (3.0) [213] 
3 Central Java 2015 47 11 (23.4) 5 (10.6) 26 (55.3) 5 (10.6) [218] 
2 Jakarta 2015 172 45 (26.1) 59 (32.3) 47 (27.3) 21 (12.2) [299] 
3 Yogyakarta 2015 38 4 (10.5) 8 (21.1) 19 (50.0) 7 (18.4) [276] 
3 Indonesia 2016 71 21 (29.6) 15 (21.1) 30 (42.2) 5 (7.0) [295] 
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Predominant  
serotype 

Location  Year(s) n Serotypes (%) Reference(s) 
DENV-1 DENV-2 DENV-3 DENV-4 

a Study on mosquitoes  
b Six samples were mixed serotype and excluded because no information is provided 
c Fifty two patients were admitted to the hospital with a positive dengue IgM and/or NS1 rapid test but only 26 patients were selected 
for further analysis 
d Eight samples were mixed serotype and excluded because no information is provided 
e Nine samples were mixed serotype and excluded because no information is provided 
f Ten samples were mixed serotype and excluded because no information is provided  
g  Two samples were mixed serotype and excluded because no information is provided 
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Between 2008 and 2012, however, DENV-1 become the dominant serotype in 

most Indonesian regions including regions of Java island such as Jakarta [214, 

246, 275], Surabaya [219, 227, 241, 246, 275], Sidoarjo [217, 239], Bandung [254], 

Semarang [17, 246, 275], and Tangerang [268] (Table 2.4). DENV-1 dominance 

was also reported from other regions of Indonesia outside of Java Island such as 

Kupang [230], Makassar [188], Medan, Denpasar, Kendari, Jayapura and 

Samarinda [246, 275]. Data of traveller-associated dengue from Australia [77, 258, 

259], Taiwan [223], Germany [244], and Romania [277] support this finding. A 

comprehensive study conducted in Surabaya found that the serotype shift from 

DENV-2 to DENV-1 occurred in late 2008 [13]. To elucidate this, all available 

serotype data from Surabaya were analysed and confirmed DENV-1 became the 

predominant serotype in this region between 2008-2009, continued to circulate 

until 2013 [217, 219, 227, 238-241, 252, 253, 255, 285] before being replaced by 

DENV-2 in 2014 [255] (Table 2.5). The timing of the serotype shifts observed in 

Surabaya may not, however, represent all regions of Indonesia.  

 

From 2014 onward, dominance of DENV-2, as was seen in Surabaya, was 

observed in Jakarta [125,126]. However, from 2014 onward, DENV-2 was not 

dominant throughout the country. DENV-3 was reported as the dominant 

serotype in regions including Bali (2015) [213], Central Java (2015) [218], 

Yogyakarta (2015) [276], East Borneo (2015) [300] and in returning Taiwanese 

travellers in 2014 [56]. Data from Australian travellers returning from Indonesia 

also suggested that DENV-2 and -3 were the predominant serotypes during 2013-

2015 [301]. There were similar findings in a study of international travellers 

visiting Bali (2015-2017) [302]. Altogether, these data suggest that DENV-2 and 

DENV-3 were highly active in Indonesia in recent years.  
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Table 2.5. Replacement of DENV-2 to DENV-1 during 2008/2009 in Surabaya 
 

Predominant  
serotype 

Year(s) n Serotypes (%) Reference(s) 
DENV-1 DENV-2 DENV-3 DENV-4 

2 2007 67  0 (0.0) 60 (89.5) 7 (7.4) 0 (0.0) [289] 
2 2008 31 9 (29.0) 21 (67.7) 0 (0.0) 1 (3.2) [13] 
2 2008 20 0 (0.0) 20 (100.0) 0 (0.0) 0 (0.0) [289] 
2 2008 39 17 (43.6) 21 (53.8) 0 (0.0) 1 (2.6) [219] 
2 2008 2 0 (0.0) 2 (100.0)  0 (0.0) 0 (0.0) [252] 
2 2009 70 1 (1.4) 65 (92.9) 2 (3.8) 1 (1.4) [289, 291] 
1 2008-2009 76 67 (85.9) 5 (6.4) 0 (0.0) 4 (5.1) [13] 
1 2009 73 64 (87.7) 5 (6.8) 0 (0.0) 4 (5.5) [219] 
1 2009-2010 71 71 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) [13] 
1 2009-2011 36 36 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) [252] 
1 2010 66 66 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) [219] 
1 2010 27 27 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) [289] 
1 2008-2015 109 57 (52.2) 44 (40.3) 3 (2.7) 5 (4.6) [293] 
1 2011 264 222 (84.1) 23 (8.7) 0 (0.0) 1 (0.4) [219] 
1 2011 203 182 (89.6) 20 (9.8) 0 (0.0) 1 (0.5) [294] 
1 2012 83 62 (74.6) 7 (8.4) 7 (8.4) 7 (8.4) [217] 
1 2012 75 68 (90.7) 7 (9.3) 0 (0.0) 0 (0.0) [219]  
1 2013 69 47 (68.1) 19 (27.5) 3 (4.4) 0 (0.0) [219] 
1 2012 a 71 52 (71.8) 8 (11.2) 11 (15.4) 9 (12.6) [285] 
1 2013 69 47 (68.1) 19 (27.5) 3 (4.3) 0 (0.0) [219, 297] 
1 2012 79 79 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) [294] 
1 2013 15 8 (53.3) 0 (0.0) 2 (13.3) 5 (33.3) [294] 
2 2014 14 1 (7.2) 13 (92.8) 0 (0.0) 0 (0.0) [255] 

a Ten samples were mixed serotype and excluded because no information is provided  
 

2.3.5.2 DENV genotypes in Indonesia 

The searches on GenBank and intensive manual search that was conducted on 

references from the systematic review yielded 360 sequences of DENV-1, 242 

sequences of DENV-2, 140 sequences of DENV-3 and 75 sequences of DENV-4. 

All the sequences are E gene. This set of sequence data was used to generate 

phylogenetic trees of Indonesian DENV using Randomized Axelerated 

Maximum Likelihood (RAxML) analysis with General Time Reversible and 

gamma substitution model (GTR+Γ). To avoid missing information from non-E 

gene sequences, efforts were made to determine the genotype included retrieving 

the information directly from the original references and using a current version 

of Dengue Genographic Viewer [303]. These genotype data, from both E and 
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non-E gene sequences, were used to create the genotype distribution matrix 

(Figure 2.7).  
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Figure 2.7. Matrix of circulating DENV genotypes overtime in Indonesia 
The IR and CFR of DHF in Indonesia over time (the lower section of the matrix) suggest the association between DENV circulation dynamic and the 

increase of incidence rate. **purple = detection. 
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DENV-1 is the most diverse serotype in Indonesia with four genotypes (I, II, IV 

and V) having been identified (Figure 2.7 and Figure 2.8A). Two DENV-1 

genotypes (I and IV) have apparently co-circulated in Indonesia over the last 

decade (Figure 2.7). Historically, Genotype IV seems to have been the dominant 

DENV-1 genotype that circulated. The DENV-1 Genotype IV was first isolated in 

1977 (Accession: M32895) [304] and was the only genotype identified in 

Indonesia for three decades (between the 1970s and 1990s) (Figure 2.7). This 

genotype continued to circulate widely in Indonesia, in regions including Jakarta 

[15, 214, 220], West Java [216, 257], and Surabaya [13, 219] but has not been 

sampled since 2014, suggesting genotype displacement (Figure 2.7). DENV-1 

Genotype I was first isolated in Indonesia in 2006 [201], and quickly became the 

most frequently isolated DENVs in Indonesia. Genotype I viruses have been 

sampled over a wide geographical range, not only in regions of Java Island such 

as Bogor [225], Jakarta [214], Semarang [17], Sukabumi [216], and Surabaya [13, 

217, 219], but also in Bali [77, 213, 221, 222, 302], Jambi [215], Makassar [188], and 

Manado [281]. Since its first detection in Indonesia, DENV-1 Genotype I has 

frequently been reported to co-circulate with DENV-1 Genotype IV in several 

regions in the country [188, 189, 214, 216, 217, 219, 305]. 

 

Only two sequences, one sequence each of DENV-1 Genotypes II and V, were 

identified in Indonesia. Genotype II virus was isolated from a patient with no 

overseas travel history, who resided in Semarang of Central Java (Accession: 

KC589010) [17]. This virus was very closely related to a DENV-1 Genotype II 

strain that originated from Thailand, isolated in 1964 from a  DHF patient [306]. 

The Genotype V virus was isolated from a Japanese traveller returning from 

Indonesia in 2014 (Accession: LC038147) [307]. There were several reasons to 

suspect the true origin of this DENV-1 Genotype V virus. Firstly, the virus was 

very closely related to viruses that were sampled in China in 2014. Secondly, this 

genotype has not been reported locally in Indonesia. In addition, the authors did 

not include a clear travel history of the patient. Therefore, there is the possibility 
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that the Japanese traveller became infected in another country prior to their visit 

to Indonesia. The DENV-1 Genotype III has never been reported in Indonesia.  

 

All DENV-2 viruses isolated from Indonesia, with the exception of two viruses 

that belonged to Asian II and American genotypes, respectively, were of the 

Cosmopolitan genotype (Figure 2.7 and Figure 2.8B). This genotype has been 

circulating in Indonesia since at least 1975 [308] and has continued to circulate 

until recent years (Figure 2.7). It  has been reported in almost all of the main 

islands of Indonesia including Java [15, 17, 214, 216, 217, 255, 257] Sumatra [215], 

Sulawesi [188, 281], Borneo [300] and Bali [213], as well from neighbouring 

countries through importation by returning travellers [77, 189, 201, 223, 224]. No 

study has been conducted in Papua to confirm the circulation of this genotype in 

this island.  

 

The two non-Cosmopolitan DENV-2 Asian II and American genotype viruses 

were isolated in 1975 and 1977, respectively [308]  as part of a dengue virological 

surveillance and have not been detected since that time. Multiple DENV-2 

genotypes may have been in circulation during the 1970s in Indonesia but not 

detected.  
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Figure 2.8. Genotypes of DENV-1 and -2 circulating in Indonesia 
The phylogeny tree was constructed using RAxML analysis of 360 Indonesian sequences with 3,923 comparison taxa for DENV-1  
(A) and 242 Indonesian sequences with 3,227 comparison taxa for DENV-2 (B).   
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Two DENV-3 genotypes have been identified in Indonesia to date: Genotype I 

and II (Figure 2.7 and Figure 2.9A). The great majority of isolated DENV-3 

viruses group as Genotype I with only three isolates belonging to Genotype II. 

The first published sequence of Genotype I was of a virus isolated in 1973 

(Accession: L11428) [309]. Genotype I has since been sampled in almost all DENV 

epidemiological studies conducted in Indonesia from the 1980s to 2010s (Figure 

2.7). All three DENV-3 Genotype II isolates were sampled in 1988 from two local 

inhabitants of Jakarta (Accession: AY912454 and AY912455) [310] and from a 

Taiwanese traveller returning from Indonesia (Accession: DQ675520) [311]. The 

presence of this genotype has not since been recorded in Indonesia. 

 

DENV-4 is the least frequent serotype circulating in Indonesia. All DENV-4 

viruses detected in Indonesia belong to Genotype II and III (also known as IIA 

and IIB) (Figure 2.9B). Genotype II is the predominant genotype in Indonesia and 

the only genotype of DENV-4 that appears to be currently circulating (Figure 

2.7). DENV-4 Genotype III was sampled between 1976-1977 (Accession: 

DVU18430, DVU18429, KX812530) [195, 312] and had not been reported in 

Indonesia subsequently until a recent study sampled a virus of this genotype 

from patient plasma collected in 2009 from Jakarta (Accession: KX646390) [214].  
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Figure 2.9. Genotypes of DENV-3 and DENV-4 circulating in Indonesia  
The phylogeny tree was constructed using RAxML analysis of 140 Indonesian sequences with 1,892 comparison taxa for DENV-3 (A) and 75 
Indonesian sequences with 1,190 comparison taxa for DENV-4 (B).  



54 
 

2.3.5.3 Serotype and genotype shifts in Indonesia  

Data from a systematic literature review indicate that DENV serotype shifts have 

occurred in Indonesia over the past decades. The first clear serotype shift 

occurred when DENV-3 viruses were displaced as the national dominant 

serotype, after at least three decades (between the 1970s and 1990s), by other 

serotypes, chiefly DENV-2 viruses towards the end the 1990s. Between the year 

2000 up to 2008/2009, there was no clear serotype dominance in Indonesia on a 

national-scale, with different serotypes circulating in dominance in different 

regions of Indonesia. This same period of serotype heterogeneity coincided with 

a significant increase in the number of dengue cases reported (Figure 2.7). 

Another DENV serotype shift seemingly occurred in 2008-2009, when DENV-1 

became the dominant serotype of Indonesia, replacing other circulating 

serotypes. DENV-1 was subsequently replaced by DENV-3 and DENV-2 

sometime in 2014; these serotypes have been dominant in Indonesia in recent 

years.   

 

Since the first report of dengue in Indonesia in 1969, all four DENV serotypes 

have been identified to have circulated, greatly increasing the risk to residents of 

severe dengue. The first attempt to identify DENV serotypes circulating in 

Indonesia was a 1970-1971 serological study, which reported DENV-3 was the 

dominant serotype [313]. This was supported by subsequent isolation of DENV-3 

viruses from clinical specimens from DHF patients who were infected from 1975 

to 1978 [286]. Studies conducted up until the late 1990s consistently reported that 

DENV-3 was circulating in all regions of Indonesia and was the causative agent 

of dengue epidemics [14, 16, 235-237, 242, 247, 249, 263-265, 269, 286]. In the early 

2000s, however, it became apparent that DENV-3 had been displaced by DENV-2 

and DENV-1 as the major DENV serotype in circulation [250, 278, 287]. Data 

from local [250, 257, 287] and imported dengue case studies [278] demonstrate 

that in the early 2000s (2000 to 2004) DENV-2 was the predominant serotype in 

some cities in Indonesia. Soon after 2004, however, there was no circulating 
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serotype that was dominant on a nation-wide scale. In certain cities that were 

studied, DENV-1 appeared to be the dominant serotype [13, 17, 77, 188, 214, 215, 

217, 219, 225, 268, 279], while DENV-2 was predominant in other Indonesian 

cities during the same time period [13, 216, 219, 255, 278, 281, 287, 314]. This may 

indicate that serotype dominance in certain particular cities is be influenced by 

local environmental factors, or the local DENV immune profiles, or travel 

patterns. 

 

Serotype shifts have been associated with more severe disease manifestations of 

dengue infection. Between 1976 and 1978 a series of outbreaks of dengue with 

DHS/DSS took place in certain regions of Indonesia, which was found to be 

associated with DENV-3 viruses [16, 235, 264, 265]. A study conducted in 

Yogyakarta between 1995 and 1999 also reported that the highest risk of severe 

clinical manifestations was associated with primary and secondary infections 

with DENV-3 viruses [251]. Another comprehensive study conducted between 

1975 and 1983 in Jakarta, of 1451 serologically confirmed dengue cases 

experiencing DHF found that most infections were attributed to DENV-3 viruses 

and that those with DENV-3 infections experienced severe manifestations such as 

shock, encephalopathy, gastrointestinal bleeding and deaths [235].   

 

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 trend for severe disease [241]. 

Interestingly, this study also indicated that all of DENV-1, primary or secondary 

infection to show severe clinical manifestation [241]. Other studies also indicated 

that DENV-1 was more frequently cause severe dengue infection such as in Jambi 

2015 [215], Surabaya (2009) [217], Semarang (2012) [17]. However, in 2015, some 

regions in Indonesia revealed that DENV-3 again more frequently associated 

with severe dengue included in Bali (2015) [213] and Central Java (2015) [218] 

where this serotype reported became predominant.  
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Several studies conducted in other countries found that the introduction of novel 

DENV serotypes was strongly associated with higher IR and more severe dengue 

manifestations [315, 316]. Similar studies conducted in Indonesia have 

demonstrated a similar association. The introduction of DENV-3 viruses, for 

example, from Bantul to Sleman in Central Java was associated with a large 

dengue outbreak in 1978 [16]. In 2004, the replacement of DENV-2 viruses by 

DENV-3 viruses resulted in a massive dengue outbreak in Indonesia with 50,000 

cases and 603 deaths reported [14, 15]. Similarly, a serotype displacement of 

DENV-2 by DENV-1 viruses was correlated with disease severity in Surabaya – 

the IR of severe manifestations of dengue increased from 10% before the serotype 

shift to 28% after the introduction of DENV-1 [13]. These data indicate that 

serotype introduction or replacement is associated with increased case incidence 

and incidence of severe manifestations of dengue in Indonesia.  

 

The serotype shifts that have occurred in Indonesia were likely influenced by 

pre-existing immunity to endemic DENV serotypes. For example, widespread 

population immunity to DENV-3 following decades of circulation of this 

serotype facilitated introduction of DENV-2, and pre-existing anti-DENV-3 NAb 

did not protect against hetero-serotypic infection with DENV-2. It is unclear why 

DENV-3 appeared to be the predominant serotype circulating in Indonesia for up 

to three decades (1970-1990s), while serotype dominance changed regularly since 

2000s. The most plausible explanation is the advent of international and frequent 

air transportation. Spread of DENV-1, -2 and -3 lineages and co-circulation of 

multiple DENV serotypes in Asian countries, including Indonesia, was shown to 

have been facilitated by increasing air travel since 1992 [317]. 

 

Genotype displacement and introduction were also identified in Indonesia. 

Diverse genotypes and genotype shifts were observed within the DENV-1 

serotype. Data from 1988 to 2008 revealed that DENV-1 Genotype IV was the 
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predominant genotype. However, currently, DENV-1 Genotype I appears to be 

predominant in Indonesia and appears to have replaced Genotype IV. 

Introduction of DENV-1 Genotype 1 into Genotype IV-endemic areas of 

Surabaya was associated with an increase in total number of dengue cases from 

2,268 before the genotype shift to 3,379 cases after genotype shift [13].  

 

2.3.5.4 Virus circulation and dengue incidence in Indonesia  

The possible association between the displacement of DENV serotypes or 

genotypes and the cyclic pattern of dengue incidence in Indonesia was assessed. 

The first clear peak of DHF incidence was in 1988 (Figure 2.7). In 1988, there was 

no record of a serotype shift in Indonesia. All studies of the time reported that 

DENV-3 was predominant [242, 243, 267] and this dominance was the same in 

the previous year [242, 248] (Table 2.4). The only change observed during 1988 

was the percentage of DENV-3 which was dominant [243, 267] suggesting an 

association between the increase of DHF cases in 1988 and DENV-3. However, it 

was unclear which determinants may have triggered high DENV-3 activity and 

caused the outbreaks [243, 267].  

 

Another DHF incidence peak occurred in 1998 (Figure 2.7) when DENV-1, -2 and 

-3 all circulated. The DHF outbreaks occurred in 11 different provinces in 

Indonesia between November 1997 and May 1998 [318]. In early 1998, massive 

riots occurred throughout Indonesia, known as the May 1998 riots. These events 

triggered population movements locally and internationally, especially among 

Chinese Indonesians [319]. In 1998, DENV-3 Genotype II isolates closely related 

to viruses that had circulated in Thailand for decades were sampled for the first 

time in Indonesia from local inhabitants [310] and from a traveller returning from 

Indonesia [311]. These Genotype II viruses appear to have been imported into 

Indonesia and had established local circulation for a short period, resulting in an 

increase in DHF incidence, and have not been detected since.  
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After 2000, it is clear that the incidence of DHF in Indonesia greatly increased, 

peaked in 2009 and was associated with high activities of multiple serotypes 

(Figure 2.7). In the early 2000s DENV-3 was no longer the predominant serotype 

nationally [250, 275, 278] and multiple serotypes have circulated in the country 

since then. DENV-1 [257, 288] and DENV-2 [201, 250, 257, 278] were the 

predominant serotypes in various geographical regions between 2000-2008. In 

several regions, DENV-4 was reported as the predominant serotype between 

2004 and 2008 [257, 290] and was also reported as a predominant serotype among 

travellers returning from Indonesia to Australia during 2007-2008 [283]. Within 

this period, DENV-3 also rapidly re-emerged in Jakarta and caused a severe 

dengue outbreak with 58,301 cases and 658 deaths [14, 15]. In short, during the 

2000-2009 period increased DENV-1, -2 and -4 activity was detected and was 

associated with a significant increase the number of DHF cases recorded in the 

county.  

 

During this period, rapid DENV serotype shifts were also reported in other 

Southeast Asian countries such as the shift from DENV-2 (2004-2006) to DENV-1 

(2007) in Vietnam, and from DENV-1 and DENV-4 (2003-2005) to DENV-2 and 

DENV-3 (2006-2007) in the Philippines [201]. Serotype displacement also 

occurred in Myanmar in 2001 in which displacement of DENV-1, -2 and -3 to 

DENV-1 was reported; this was the largest dengue outbreak in the country’s 

history with 15,361 reported cases of DHF/DSS [316]. Rapid DENV serotype 

change was also reported in Thailand during 2004 and 2010 in which the major 

serotypes were not stable and showed a shift from one serotype to another: 

DENV-1 (2004) DENV-4 (2007), DENV-1 (2008) and DENV-3 (2010) [320]. 

Altogether these data indicate that during the 2000s, there was rapid 

displacement of DENV serotypes in Southeast Asian countries, as well as 

Indonesia.  
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Rapid serotype shifts may also be linked to the increasing trend of DHF 

incidence in Indonesia between 2000 and 2009. For example, introduction of 

DENV-1 Genotype I in 2006. Although this genotype introduction occurred 

relative recently, the viruses of this genotype were the most frequently isolated 

virus within DENV-1 in Indonesia. This genotype has been isolated in almost all 

Indonesian main islands [13, 17, 77, 188, 213-217, 219, 221, 222, 225, 281] 

suggesting that this virus may be more efficiently transmitted and better at 

adapting to new ecological niches.  

 

Interestingly, there was a significant reduction in DHF incidence from 2009 to 

2011 in Indonesia (Figure 2.7). This is coincident with DENV-1 establishing 

serotype dominance in Indonesia on a national-scale from approximately 2009. 

There is clear evidence that DENV-1 Genotype I was the predominant serotype 

and genotype circulating in Indonesia in 2009-2012 (Table 2.4). Multiple dengue 

serotypes began to dominate from 2013, associated with significant increase in 

dengue cases observed from that time.  

 

2.3.6 Immune Response to DENV  

The human immune system is the primary defence against DENV. Once DENV 

invade the human body, the innate and adaptive immune response will work 

together to eliminate the infection. The innate immune system, immediate and 

general, rapidly recognizes and responds to DENV, but it does not provide a 

long-term immunity. The adaptive immune system produces cells including 

antibody-secreting B cells that specifically recognize and neutralize DENV, and 

cytotoxic T cells that specifically and efficiently recognize and kill DENV-infected 

cells. In early infection, the infected cells produce and release interferons (IFN) 

and cytokines. Interferons interfere DENV replication, help the immune system 

recognize DENV-infected cells, protect uninfected cells from infection and 

activate both the innate and adaptive immune system defenses [321]. Innate 

immune response activates the complement system that helps the antibodies and 
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leukocytes remove DENV. Both innate and adaptive immune responses to DENV 

infection contribute to resolution of infection and play pivotal roles in protection 

from reinfection. However, these responses also contribute to enhancement of 

disease severity in most patients with severe dengue [321]. 

 

2.3.6.1 Innate immunity to DENV 

Langerhans cells, dermal cells, and interstitial dendritic cells are the initial targets 

for DENV infection [322]. However, other cells such as monocytes, lymphocytes, 

Kupffer cells, alveolar macrophages, and endothelial cells are also potential 

target cells of DENV [322]. Once DENV invades human body, host pattern 

recognition receptors (PRRs) such as endosomal Toll-like receptors 

(TLRs), retinoic acid inducible gene I (RIG-I) and melanoma differentiation-

associated gene 5 (MDA5) are responsible for sensing or recognising the antigens 

of DENV [322]. The PPR molecules will activate two important families of 

transcriptional factors: the IFN regulatory factors (IRF) and the nuclear factor 

kappa B (NF-κB) that lead to activate the production of IFN-α/β and 

inflammatory cytokines [322]. This will activate dendritic cells and establish an 

antiviral response. In vitro studies revealed high level of cytokines in culture 

supernatants of DENV-infected cells [323, 324]. In vivo study also found high 

level of several cytokines such as TNF-α, IL-1β, IL-6, and IL-10 in sera of DENV-

infected mice [325].  Higher plasma levels of IL-1β, IL-2, IL-4, IL-6, IL-7, IL-8, IL-

10, IL-13, IL-18, TGF-1β, TNF-α, and IFN-γ have been found in patients with 

severe dengue [91]. These cytokines and chemokines also could play essential 

protective or detrimental roles during DENV infection [322]. It is believed that 

this “storm” of inflammatory cytokines and other inflammatory mediators act on 

the endothelium and alter normal fluid barrier functions and leading to increased 

plasma leakage [91, 322].   

 

One of the cytokines that is important during DENV infection is IFN-γ. This 

cytokine is essential to control DENV replication and resistance to infection by 
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controlling the production of nitric oxide [326]. Increased IFN-γ was associated 

with protection against fever and viremia [327] and higher survival rates in DHF 

patients [328]. In contrast, other proinflammatory cytokines seem to play a 

pathologic role. For example, increased TNF-α level was associated with severity 

of dengue [329] and thrombocytopenia [330].  TNF-α is capable to increase 

endothelial cells permeability in vitro [331] and high levels of TNF-α was 

correlated with endothelial cells apoptosis and haemorrhage in mouse model 

[332]. Another cytokine, IL-10, is correlated with platelet decay and may 

modulate coagulation activation in DENV-infected patients [91, 333]. 

Macrophage migration inhibitory factor (MIF) seems also has a deleterious role 

in DENV infection. Studies found increased MIF concentration among severe 

dengue [330, 334] and positively correlated with severity in DENV infection 

[335]. Other mediators and soluble factors such as monocyte chemoattractant 

protein 1 (MCP-1) [336], soluble vascular cell adhesion molecule 1 (VCAM-1) 

[337], and thrombomodulin [338] were also found to be increased in severe 

dengue. 

 

During DENV infection, PRR activation also mediates the production of 

chemokines and they have dual protective versus pathologic role. A study 

revealed that CXCL10 production and CXCR3 activation improved host 

resistance mainly because these chemokines compete with DENV for their 

cellular receptors and therefore diminishing DENV replication [328]. Other 

chemokines, CCL2 and CCL5, have been reported had association with 

hypotension, thrombocytopenia and hemorrhagic shock and hepatic dysfunction 

[322].  

 

2.3.6.2 Cellular immunity to DENV 

Cellular immunity is involved in protective responses to DENV infection. 

Activation of T-cell response is one of the most important components in DENV-

specific immunity. The principle target for both of CD4+ and CD8+ T cells is 
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located within NS3 [339].  DENV-specific T cells induce infected-cell lysis and 

increase a wide range of cytokine production and therefore leading to enhanced 

clearing  of DENV [339]. The efficiency this clearing is dependent on the avidity 

of the T-cell receptor (TCR) for the HLA-peptide complex [91].  

 

However, T cells may cause immunopathology during DENV infection, a 

phenomenon that is called the original antigenic sin [340]. This phenomenon is 

defined as the dominance of T cell responses to a first infecting DENV serotype 

over the current infecting serotype [341]. During the primary infection, T cells 

and cross-reactive memory T cells are produced. During the secondary infection 

with a heterologous serotype, highly cross-reactive CD8+ T cells with high avidity 

for the second infecting DENV are activated massively and they induce high 

production of proinflammatory cytokines. In addition, low-avidity cross-reactive 

CD8+ T cells are expanded. Cross-reactive CD8+ T cells to heterologous serotype 

may lose their cytolytic activity [341]. This may delay DENV clearance, prolong 

activation of cross-reactive CD8+ T cells and produce high level of 

proinflammatory cytokines and other soluble factors. As a final consequence, 

these affect vascular permeability leading to a higher incidence of severe dengue 

[91, 339].  

 

2.3.6.3 Humoral immunity to DENV 

It is believed that the humoral immune response is essential for controlling 

DENV infection. The principle targets of the antibody response to DENV are E, 

NS1 and pre-M protein [339]. The E protein induces the production of antibodies 

that have pivotal roles in DENV neutralization while NSI protein activates 

antibody-dependent cellular cytotoxicity and complement-dependent lysis of 

infected cells [339]. Incomplete cleavage of pre-M protein also induces the pre-M 

protein-specific antibody that is highly serotype cross-reactive [339]. 
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A report documented that infection with one serotype gave long-lasting 

protection to that specific serotype (homotypic immunity) [342]. Confirmation 

that DENV NAb correlates with dengue immunity is also provided by phase II 

[343-347] and phase III trials [348, 349] of the Sanofi Pasteur dengue vaccine. 

However, DENV specific antibodies also have possible detrimental roles because 

they enhance DENV infection of the cell targets, a mechanism known as 

antibody-dependent enhancement (ADE) [350].  

 

Antibody response to DENV differs according to immune status of the host. In 

the primary infection, the patients develop a primary antibody response 

detectable in 50% of hospitalised patients by days 3-5 after onset of illness and 

increasing to 80% by day 5 and 99% by day 10 [92, 137]. In one study, nearly all 

patients (93%) developed detectable IgM 6 to 10 days after the onset of fever, and 

99% of patients tested between 10 and 20 days after onset had detectable IgM 

[351]. Anti-dengue IgM levels peak about two weeks after the onset of symptoms 

and then decline generally to undetectable levels over 2–3 months. Anti-dengue 

serum IgG is generally detectable at low titres at the end of the first week of 

illness, increasing slowly thereafter and still detectable after probably even for 

life [352]. During a secondary dengue infection, antibody titres rise rapidly and 

react broadly against many flaviviruses. The IgG is the dominant 

immunoglobulin isotype, which is detectable at high levels, even in the acute 

phase, and persists for periods lasting from 10 months to life [92].  

 

2.3.7 Dengue Disease 

2.3.7.1 Pathogenesis of dengue 

Dengue is a syndrome and its pathogenesis interplay between virus and host 

factors that remains incompletely understood. Two risk factors for severe dengue 

are well-established: second heterotypic DENV infection and infants born to 

dengue-immune mothers [353-356]. This phenomenon is the effect of ADE that 

could be explained by two concurrent processes. First, during primary infection, 
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serotype cross-reactive, non-neutralizing antibodies are produced. Second, in 

secondary infection with a heterologous serotype, non-neutralizing antibodies 

bind to the second infecting DENV and these antibody-virus complexes are 

internalized into target cells via Fc gamma receptor (FcγR) resulting in infection 

of a higher number of target cells [91, 357].  

 

The detailed mechanism of ADE is unclear, but evidence suggests that it is 

associated with both increased DENV infectivity and suppression of host 

immune response. Once the DENV antibody is below the neutralization 

concentration, it increases the number of infected target cells (extrinsic ADE) and 

therefore facilitate higher DENV production [358-360]. In addition, non-

neutralizing antibody also alters immune responses and cellular functions, 

leading to an increased DENV production per infected cell or burst size (intrinsic 

ADE) [361-364]. Both extrinsic and intrinsic mechanisms have been proposed as 

the main mechanisms involved in ADE.  

 

This phenomenon is supported both from animal model [365, 366] and 

epidemiological study [355, 367-372]. Passively transferring DENV monoclonal 

antibody into an animal model resulted in a significant viremia and clinical 

dengue manifestation [365, 366]. Epidemiology studies revealed that the 

incidence of severe form of dengue was higher during secondary DENV infection 

[355, 367-372]. For example, a study in Thailand found that  approximately 99% 

of DHF patients produced heterotypic antibodies to the infecting DENV and the 

severe form of dengue was 15–80 times more frequent in secondary infection 

than in primary infection [350]. A study in dengue epidemic areas in Cuba found 

that infection of DENV-1 followed by DENV-2 or DENV-3 was associated with 

the severe form of dengue [145]. Prospective cohort studies in Asia and Latin 

America have identified secondary infection as an epidemiological risk factor for 

severe dengue [367, 368, 373, 374]. Other studies also confirmed that secondary 

infection is a major risk factor for the severe form of dengue [375, 376]. The 
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interval between sequential infections is important. Studies revealed that the 

longer interval between sequential DENV infections (approximately beyond two 

years), the proportion severe dengue was increased during second heterotypic 

DENV infection [377, 378]. Interestingly, a study revealed that vast majority of 

tertiary or quaternary infections are clinically silent or very mild [379].  

 

However, not all studies support the finding that severe dengue is associated 

with secondary infection of heterologous serotypes. For example, a study in an 

animal model found that infection of DENV-1 or DENV-4 followed by a DENV-3 

infection did not increase dengue severity [337]. Another study also found that 

the incidence of DHF between vaccinated and unvaccinated children with an 

experimental live-attenuated DENV vaccine was no different [380].  

 

A large number of other hypotheses have been proposed to explain pathogenesis 

of severe dengue [353]. Some studies suggest that increased vascular 

permeability in severe dengue is mediated by antigen-antibody-complement 

[353, 381, 382]. During a second heterotypic dengue infection, the circulation 

DENV antigens and anamnestic IgG dengue antibodies activate complement 

resulting reduced level of C3 and increased levels of C3a and C5a anaphylatoxins 

[381, 382]. This excessive complement activation at endothelial surfaces 

contributes to vascular leakage in severe dengue [383]. The evidence shows the 

correlation between complement system and NS1 in which NS1 is an important 

trigger for complement activation [384]. Binding of heterotypic antibodies to NS1 

resulting in complement activation [383, 385].  

 

Another explanation for dengue pathogenesis is original antigenic sin. Studies 

revealed that recognition between different DENV peptides was associated with 

reduced CD8+ T cells cytolytic potential without reducing cytokine production 

[341, 386, 387]. This pathogenic heterologous T-cell response results in cytokines 

and chemokines production (cytokine storm) that will increase vascular 
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permeability [91, 353]. Increased permeability in the vascular endothelium, 

allowing water and small molecules to leak from the intravascular space [388]. 

Several studies revealed higher concentrations of cytokines such as IFN-γ, TNF-α 

and IL-10 in the sera of patients with severe dengue in Cuba [389], India [390] 

and Vietnam [391]. Increased IL-10 levels correlate with reduced levels of 

platelets and reduced platelet function and this contribute to the development of 

the bleeding complications [392].  TNF-α promotes increased endothelial 

permeability [393].  

 

2.3.7.2 Clinical features of dengue 

Dengue is a systemic and dynamic disease and it has a wide clinical spectrum 

from mild to severe clinical manifestations. In general, after the incubation 

period, the illness could be classified into the three phases: febrile, critical and 

recovery [92]. During febrile phase, patients develop high-grade fever suddenly 

for 2–7 days and often associated by facial flushing, skin erythema, body ache, 

myalgia, arthralgia, headache, severe retro-orbital pain and other symptoms such 

as anorexia, nausea, vomiting, sore throat, injected pharynx and conjunctiva 

injection. In the early febrile phase, it is difficult to distinguish from other non-

dengue febrile diseases and it is indistinguishable between severe and non-

severe dengue cases [92].  

 

The second phase, critical phase, occurs around the time of defervescence (when 

the temperature drops) typically on days 3–7 [92, 394]. Defervescence occurs 

temporarily for about 48 hours and is associated with an increased propensity for 

capillary leakage and haemorrhage. At this point, patients without an increase in 

capillary permeability will improve, while those with increased capillary 

permeability may become worse as a result of plasma leakage and might cause 

life-threatening [92]. Not all of the patients infected with DENV will develop 

severe dengue. For example, in Singapore only 4.1% out of 3186 dengue cases 

were diagnosed with severe dengue with 5.4% CFR [395]. Many factors 
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associated with development of severe dengue including, infecting serotype, 

secondary infection, laboratory and clinical features, and host factors. Table 2.6 

lists the factors associated with dengue severity. Apart of those factors, serotype 

and genotype of the DENV also have a significant contribution on disease 

severity. A meta-analysis found that DENV-3 from the Southeast Asia region had 

the greatest percentage of severe cases in primary infection, whereas other 

serotypes from this region, as well as DENV-2 and DENV-3 from non-Southeast 

Asia regions, exhibited the greatest percentage of severe cases in secondary 

infection [396]. Moreover, in Southeast Asia, DENV-2 and DENV-4 had been 

found to be more highly associated with DSS while DENV-3 and DENV-4 were 

found to be more highly associated with DHF [396].  

 

Table 2.6. Factors associated with severity of dengue  
 

Factor  Reference(s) 
Demographics   

Children aged 6–10 years and girls  [397] 
White ethnicity [398] 
Chinese race [399] 
Older age [400] 
Age >5 years or age > 40 years [401, 402] 
Female [399, 403, 404] 

Type of infection   
Secondary dengue infection [371, 402, 405-

408] 
Laboratory parameters   

High hematocrit level [403] 
High alanine aminotransferase [403] 
Early increasing D-dimer [409] 
High cholesterol level [410] 
Low total serum cholesterol  [411] 
Low-density lipoprotein C  [411] 
Leucopenia  [401] 
Hypoalbuminemia or hypoproteinemia [404] 
High alanine transaminase levels and aspartate transaminase, 
thrombocytopenia, prothrombin time, activated partial 
thromboplastin time and fibrinogen level  

[404] 

High hematocrit level [412, 413] 
High lactate and absolute atypical lymphocyte levels.  [414] 
Low platelet count  [413] 
Thrombocytopenia [415] 

Clinical findings  
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Factor  Reference(s) 
Mean arterial pressure <80 mmHg [403] 
Spontaneous bleeding [401, 413, 415] 

[404] 
Hepatomegaly [401, 413, 415]  
Ascites  [401, 404, 413] 
Pleural effusion [401, 404, 413] 
Persistent nausea/vomiting [404, 413, 414] 
Lethargy, thick gallbladder  [402, 415] 
Abdominal pain [404, 413, 415] 
Hemoconcentration  [415] 
Headache, palmar erythema, joint pain, lymphadenopathy, 
giddiness, gallbladder wall edema 

[413] 

Hepato-splenomegaly [404, 413] 
Hemoconcentration [404] 
Oliguria [413] 
Neurological signs [404] 

Virology   
DENV serotype [396] 
High early viral load [406] 

Host factors  
Polymorphism in TNF-α, FcγRII, CTLA-4, TGF-β1, HPA, DC-SIGN, 
TAP, MBL2 and JAK1 gene.  

[416] 

Allergy treated with steroids and hypertension [398] 
AB blood group [405] 
Diabetes [417] 
Hypertension (or with diabetes) [399, 418] 
Skin allergy [418] 
Malnutrition (protective rule) [419] 

 

Prolonged shock might cause the consequent organ impairment, metabolic 

acidosis and disseminated intravascular coagulation. This in turn leads to severe 

haemorrhage [92]. Atypical clinical features of dengue may also develop without 

obvious plasma leakage or shock include encephalitis, myocarditis, hepatitis, 

pancreatitis, retinitis and the acute respiratory distress syndrome [92, 394]. Two 

possible outcomes in this phase are either death or proceed to recovery phase if 

the patient survives the 24–48 hour critical phase.  Some factors are associated 

with high dengue mortality (Table 2.7).  
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Table 2.7. Factors associated with mortality or fatality of dengue case 
 

Factors  Reference(s) 
Demographic   

Female  [397] 
White race (compared to black) [420] 

Type of infection  [421] 
Secondary DENV-2 infections [421] 

Clinical findings  
Persistent vomiting, lethargy, respiratory distress.  [422-424]  
Plasma leakage (shock)  [422, 425, 426] 
Severe bleeding (hemoptysis), epistaxis  [422, 423, 426] 
Altered sensorium, abnormal reflexes, edema [427] 
Co-morbidities (diabetes mellitus and hypertension). [427] 
Myalgia [428] 
Had severe hepatitis, an altered mental status [426] 

Laboratory parameters   
High leucocyte counts [424, 426, 428] 
High platelet counts [428] 
High blood urea nitrogen or high creatinine level [426, 428] 
Low serum albumin concentrations  [424] 
High serum sodium, potassium, and bilirubin levels [428] 
High activated partial thromboplastin time, bilirubin levels and 
serum glutamic-pyruvic transaminase 

[426] 

 

In the final phase, recovery phase, a gradual reabsorption of extravascular 

compartment fluid occurs in the following 48–72 hours [92]. There will be an 

improvement of general well-being, returning of appetite, stabilization of 

hemodynamic status. However, a study found that the persistent symptoms such 

as headache, retro-ocular pain, insomnia, alopecia, myalgia, arthralgia, asthenia, 

anorexia, dizziness, nausea, vomiting and itch were common and these 

symptoms were associated with alterations in some immunological parameters 

[429]. In addition, a study also found that neurological complications including 

encephalopathy, myelopathy, myositis and peripheral neuropathy are common 

post dengue infection [430].  
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2.3.7.3 Classification of dengue cases 

Dengue has a wide spectrum of clinical presentations and therefore classification 

of the dengue cases into levels of severity is essential not only for practical use 

but also for reporting system in the surveillance system and end-point measure 

during vaccine and drug trials [92]. In 1997 WHO classification, dengue was 

classified into three categories: undifferentiated fever, DF and DHF. DHF was 

further classified into four severity grades, with grades III and IV was defined as 

DSS [431]. However, studies found that this classification had a number of 

limitations [432-434]. In addition, a study in Latin Americas found that 22% of 

dengue patients with shock (DSS) did not fulfill the criteria for DHF [435]. 

Therefore, a revised WHO classification was published in 2009 [92]. In the 

revised classification, dengue is classified into probable dengue, dengue without 

warning signs, dengue with warning signs and severe dengue (Table 2.8). The 

warning signs are abdominal pain, persistent vomiting, fluid accumulation, 

mucosal bleeding, lethargy, liver enlargement and increasing hematocrit with 

decreasing platelets [92].  

 

Table 2.8. The 2009 revised classification of dengue cases 
 

Probable dengue Dengue with or without 
warning signs  

Severe dengue 

• Live in/travel to dengue 
endemic area 

• Fever and 2 of the 
following criteria: 
• Nausea, vomiting 
• Rash 
• Aches and pains 
• Tourniquet test positive 
• Leukopenia 
• Any warning sign 

 
Laboratory-confirmed 
dengue 

Warning signs are: 
• Abdominal pain or 

tenderness 
• Persistent vomiting 
• Clinical fluid accumulation 
• Mucosal bleed 
• Lethargy, restlessness 
• Liver enlargement  >2 cm 
• Laboratory: increase in 

haematocrit concurrent with 
rapid decrease in platelet 
count 

Criteria:  
• Severe plasma leakage 

(shock, fluid 
accumulation with 
respiratory distress) 

• Severe haemorrhage  
• Severe organ 

impairment (liver: 
AST or ALT ≥1000, 
CNS: impaired 
consciousness or heart 
and other organs 
failure) 

ALT: Alanine transaminase, AST: Aspartate transaminase, CNS: Central nervous system 
Source: [92] 
 



71 
 

The 2009 classification is considered to be more sensitive in capturing severe 

disease than the 1997 classification, with sensitivity of 92% vs. 39% [436]. 

However, the specificity is quite similar, 79% and 76% for 2009 and 1997 

classification, respectively. [436]. A multi-national study across 18 countries 

revealed that 13.7% of dengue cases could not be classified using the 1997 

classification, compared with only 1.6% with the 2009 classification [437]. In 

addition, 2009 revised classification system has greater discriminatory power for 

detecting patients at risk of progression to severe disease [438].  

 

2.3.8 Dengue Diagnosis  

It is unreliable to diagnose dengue cases based on clinical symptoms because it 

has a wide spectrum of symptoms and it is undistinguishable clinically from 

non-dengue febrile diseases. Diagnostic methods are available in the market and 

some of them might be useful use in the some phases of dengue. Before day 5 of 

illness, dengue could be diagnosed by virus isolation, RNA detection (nucleic 

acid amplification tests [NAAT]) or antigens detection such as NS1. After day 5, 

DENV and its antigens disappear but specific antibodies to DENV are appeared 

in the blood and therefore, dengue could be diagnosed using serology test 

(detection IgM or IgG) [92]. The NS1 antigen may be detected in some patients 

for a few days after defervescence [92].  

 

2.3.8.1 Virus isolation 

One of the confirmation methods used for dengue diagnosis is virus isolation. 

DENV can be isolated by the inoculation of the samples into several cell lines 

such mosquito cell line C6/36 (Ae. albopictus) or into mammalian cell lines such as 

Vero (African green monkey kidney), LLCMK2 (Monkey Rhesus kidney) and 

BHK21 (baby hamster kidney) [137]. The samples for viral isolation could be 

whole blood, serum, plasma or tissues (in fatal cases) [137]. After inoculation of 

the sample and an incubation phase, a confirmation assay such as 

immunofluorescence assay or reverse transcriptase polymerase chain reaction 
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(RT-PCR) is required. There are several practical limitations this technique: (a) 

this is tedious and requires at least 7 days for incubation and confirmation test; 

(b) it requires well-established lab facilities with well-trained personnel; (c) the 

window period for sample collection is limited acute phase of infection; and (d) 

low level of DENV titre is not suitable for virus culture [439].  

 

2.3.8.2 Nucleic acid application test 

Nucleic acid amplification tests could be used to diagnose dengue before day 5 of 

illness and this assay may identify DENV RNA within 24–48 hours. The 

technique include RT-PCR, real-time RT-PCR, or isothermal amplification 

method. The RT-PCR could be carried using nested RT-PCR method [440] or one-

step multiplex RT-PCR (a combination of the four serotype-specific 

oligonucleotide primers in a single reaction tube) [441].  The sensitivity of the RT-

PCR methods varies from 80% to 100% and depends on the region of the genome 

targeted by the primers, the approach used to amplify or detect the PCR 

products, and the method employed for serotyping [352]. Multiplex real-time RT-

PCR assay is faster and able to determine viral titre in a clinical sample [442]. 

However, this test is requires expensive equipment and reagents and must be 

performed by experienced technicians [352]. 

 

2.3.8.3 Detection of antigens 

A new ELISA and rapid immunochromographic (IC) assays that target NS1 have 

been able to detect primary and secondary DENV infection up to 9 days after the 

onset of illness. A meta-analysis included 30 studies from various countries 

found that NS1 ELISA from Panbio had sensitivity 66% and specificity 99% and 

product from Platelia had 74% sensitivity and 99% specificity [443]. Another 

meta-analysis found that IC test based on NS1 antigen detection had slightly 

higher sensitivity compared to ELISA (71% vs. 67%) [444]. In general, NS1-based 

assay has a good diagnostic utility as a screening and confirming of DENV 

infection [444]. However, there are some issues related to this assay. The 
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sensitivity of NS1-based tests is lower for detecting secondary infections [443, 

445]. In addition, the sensitivity is lower for DENV-4 and DENV-2 (compared to 

DENV-1) [138, 443] and it is slightly lower for samples from Southeast Asia and 

Oceania [443].  

 

2.3.8.4 Serological tests 

Serological tests such as hemagglutination inhibition (HI) assay and ELISA to 

detect IgM and IgG are more widely used to diagnose dengue cases in 

developing countries because they are simple to perform, relatively inexpensive 

and the specimens required are stable in the room temperature. The HI assay is 

based on the ability of E protein to agglutinate red blood cells (RBCs). Anti-

DENV antibodies present in sera inhibit this agglutination and the extent of this 

inhibition is measured in HI assay [92]. The HI assay has some limitations that 

make it is impractical used such as: (a) each serotype requires different pH 

optimal and therefore it requires the use of multiple different pH buffers; (b) 

unable to discriminate infections either between DENV and other related 

Flavivirus or between immunoglobulin isotypes; and (d) it might require 

chemical pre-treatment to remove nonspecific inhibitors [92, 439]. Therefore, this 

assay has been replaced by ELISA based method for the detection of dengue 

specific IgM and IgG. A study found that the sensitivity and specificity of IgM 

test for sera collected five days or more after the onset of fever were of ~90% and 

98%, respectively [137]. The sensitivity and specificity of IgM-based assays is 

strongly influenced by the quality of the antigen used and can vary greatly 

between commercially products [137, 446]. A study evaluated four rapid IgM-

based kits and found a significant variation among kits [446].  

 

2.3.9 Dengue Treatment 

There is no specific treatment for dengue and the aim of treatment is mainly to 

limit the complications using supportive and symptomatic treatment. Fluid 

therapy is one such key in dengue management. Oral fluid replacement is 
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sufficient for DF but in severe dengue, intravenous fluid replacement should be 

performed for shock prevention [447]. The details management for different 

severities of dengue are provided in the new WHO guideline [92].  

 

A specific drug for dengue is not available and US Food and Drug 

Administration (FDA) has not approved any drugs against dengue. Several 

candidate anti-dengue therapeutic agents (that target viral or host components) 

have been tested in clinical trials such as carbazochrome sodium sulfonate for 

preventing capillary leak [448], oral prednisolone as anti-inflammatory agent 

[449] and lovastatin (statin) as anti-DENV and anti-inflammatory effects at the 

endothelium [450]. The components to reduce severe bleeding or shorten time 

cessation of bleeding such as single donor platelet [451] or recombinant human 

(rh) IL-11 [452] have been tested in the small scale of trial. Other anti-DENV such 

as chloroquine [453], balapiravir (nucleoside analogue and a polymerase 

inhibitor) [454] and celgosivir (glucosidase I inhibitor) [455] have been also tested 

in trials.  

 

2.3.10 Dengue Control and Prevention  

Control and prevention of dengue relies on vector reduction and on limiting the 

contact between humans and the mosquitoes. The only effective preventive 

measures for DENV infection are individual protection against mosquito bites 

and vector control. The behavioural protective measures included using insect 

repellent, wearing full coverage clothing that prevents mosquito access to skin 

while outdoors, using mosquito bed nets and window screens, avoiding practices 

that lead to collecting stagnant water and removing suitable vector habitats, such 

as emptying pots, containers or tires [456-458]. However, most of them are 

compliance- and community involvement-dependent strategies which are 

hindered by poor compliance and absence of active local community 

involvement [180, 459, 460]. Modern, integrated vector management approaches 

using novel biological control approaches such as paratransgenesis [461-469], 
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sterile insect techniques [461, 462, 470], the production of genetically modified 

vectors [461, 462, 471-473] are urgently needed as well as innovative vaccine 

candidates.  

 

Government and policymakers in dengue hyperendemic regions start to consider 

the possible advantages of dengue prevention program using vaccination 

strategies [474]. Recently, one dengue vaccine, CYD-TDV from Sanofi Pasteur has 

been approved in some countries. Phase II trials of CYD-TDV were conducted in 

the Latin Americas such as Brazil, Colombia, Honduras, Mexico and Puerto Rico 

[343, 344], Singapore [475], Peru [346], and Thailand [347]. A meta-analysis study 

included 6678 samples (4586 vaccinees and 2092 placebo group) found greater 

safety in the CYD-TDV group than in the placebo group [19]. Phase III trials for 

CYD-TDV were conducted in Southeast-Asia [476] and Latin America [477] and 

long-efficacy and safety of  CYD-TDV also has been assessed [348]. In both Phase 

III trials, participants were randomized 2:1 to vaccine or placebo for 3 doses at 0, 

6, and 12 months with the primary outcome was to estimate vaccine efficacy 

against symptomatic, virologically confirmed dengue, irrespective of severity or 

serotype that took place more than 28 days after the third dose until month 25. In 

general, trial in Latin America found the efficacy of CYD-TDV was 60.8% [477] 

and 56.5% in Asia-Pacific [476].  

 

Tetravalent dengue vaccine (TDV), known as DENVax previously, is a chimeric 

dengue-2 PDK-53-based tetravalent vaccine developed by Takeda Vaccines Inc 

[478]. Two Phase I studies to evaluate the safety and immunogenicity of TDV in 

Flavivirus naïve adults have been completed [479, 480]. These studies found that 

there was no vaccine related serious adverse events; TVD required short duration 

for replication and production viremia in dengue-naive adults; and TVD induced 

production of NAb to all four DENV serotypes in dengue naïve healthy adults 

[479, 480]. In addition, studies found that the second dose produced 

seroconversion 100% for DENV-1, 94-100% for DENV-2, 82-100% for DENV-3 
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and 46-78% for DENV-4, 30 days after the second intradermal or subcutaneous 

dose [479-481]. A Phase II trial to evaluate the TDV in dengue-exposed 

populations in four dengue-endemic countries: Puerto Rico, Colombia, Singapore 

and Thailand, both adults and children, has been completed [482]. This study 

found that injection site pain, itching and erythema were the only solicited 

adverse events. In addition, TVD produced seropositivity was >95% for DENV-

1–3 and 72.7–100% for DENV-4. Geometric mean NAb titers (GMTs) of DENV-1 

ranged from 582–1187, DENV-2 from 582–1187, DENV-3 from 196–630 and 

DENV-4 from 41–210 [482].  

 

Another dengue vaccine candidate is TV003/TV005, a live attenuated tetravalent 

dengue vaccine. Different monovalent vaccine candidates, produced by 

introducing a 30 nucleotides deletion in the 3′ untranslated region (3’ UTR) into a 

wild type of DENV, are incorporated into tetravalent dengue vaccine. In a 

randomized, double-blind clinical trial, different monovalent vaccine candidates 

were combined into five different tetravalent admixtures (TV001–TV005) and 

were evaluated in 113 Flavivirus-naive adults [483]. This study found that, there 

was no significant difference in the incidence of adverse events between 

vaccinees and placebo-recipients other than rash [483]. TV003 induced a trivalent 

or greater antibody response in 90% of Flavivirus-naive vaccinees and TV003 

elicited the most balanced and broad antibody response with 45% of participants 

seroconverting to all four DENV serotypes after only 1 dose. Seroconversion 

rates were high for DENV-1, DENV-3, and DENV-4 serotypes (85–100%) but 

lowest for DENV-2 (50%) [483]. In addition, another Phase I trial was conducted 

among 168 Flavivirus-naive adults to demonstrate the safety and immunogenicity 

of TV003, compared with those of a second tetravalent vaccine with an enhanced 

DENV-2 component (TV005), and to evaluate the benefit of a booster dose at 6 

months [484]. A single dose of TV005 elicited a tetravalent response in 90% of 

participants by 3 months after vaccination and induced seroconversion rates to 

DENV-1–4 of 92%, 97%, 97%, and 97%, respectively [484]. A single dose of TV005 
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induced 74% of a tetravalent response and induced seroconversion rates to 

DENV-1–4 of 92%, 76%, 97%, and 100%, respectively [484]. The safety and 

immune response of TV003 and TV005 are currently being evaluated in the Phase 

II trials in Thailand and Brazil [26].  

 

Nucleic acid-based dengue vaccines, D1ME100, against each of the four serotypes 

have been developed by Naval Medical Research Center, United States. D1ME100 

is a monovalent plasmid DNA vaccine expressing the prM and envelope (E) 

genes of DENV-1 virus [25].  Studies found that DENV-1, DENV-2 and DENV-3 

DNA vaccines can elicit anti-dengue NAb in mice and non-human primates [485-

487] and the prototype DENV-1 vaccine tested in rhesus macaques and Aotus 

monkeys provided 80-95% protection against live virus challenge [485, 488, 489]. 

A Phase I clinical trial, involving 22 healthy Flavivirus-naïve adults with three 

intramuscular injections (0, 1, and 5 months) found that the most commonly 

reported solicited signs and symptoms were local mild pain or tenderness, local 

mild swelling, muscle pain and fatigue [25]. Approximately only 40% in the high 

dose group and none in the low dose group developed detectable anti-dengue 

NAb [25]. Two other dengue vaccines: TDENV PIV, tetravalent purified 

inactivated vaccine and V180, recombinant subunit vaccine based on the DENV 

wild type prM and truncated E protein (DEN-80E) via expression in the 

Drosophila S2 cell expression system, currently are being evaluated in Phase I 

clinical trials [26].   

 

2.4 CHIKUNGUNYA 

2.4.1 Biology of CHIKV  

2.4.1.1 The structure of CHIKV  

CHIKV is a small, spherical, and enveloped virus. The virion forms spherical 

particle (approximately 70nm in diameter) with icosahedral symmetry [490]. The 

genome is encapsidated by an icosahedral nucleocapsid [490] and it encodes four 

NS proteins (NS1-4) that are involved in viral replication and five structural 
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proteins (C, E3, E2, 6K, and E1) [491]. The NS1 protein, contains both guanine-7 

methyltransferase and guanyltransferase enzymatic activities, has a role as 

cytoplasmic RNA capping enzyme [490, 492]. The NS2 protein has two separate 

domains with helicase and protease activity [490, 492]. The NS3 protein, 

possesses both phosphatase and RNA-binding activity, is essential for negative 

strand RNA synthesis while NS4 protein contains the RNA-dependent RNA 

polymerase activity and it is required for viral RNA replication [490, 492].  

 

Five structural proteins function as surface glycoproteins (E1 and E2), capsid (C) 

and small peptides (E3 and 6K) [493, 494] (Figure 2.10). The envelope consists of 

240 copies of E1 and E2, 6K protein and host-derived lipid bilayer [490, 495]. The 

E1 is responsible for fusion of the viral membrane with the endosomal 

membrane, and therefore facilitates the viral entry [490]. The E2 is involved in 

receptor binding and the receptor-mediated endocytosis and therefore has a role 

in viral attachment [490, 495]. Mature E2 is formed by furin cleavage of the pE2 

precursor protein during virus maturation, yielding E3 and E2 [490]. The 6K 

protein, a small polypeptide and contain proton-specific ion-channel activity, is 

necessary for virus budding and entry [490, 495].    

 

 

Figure 2.10. Structure of CHIKV  
(A) Outer structure of virion. (B) The organization of five structural proteins of the virion 
[37].  
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2.4.1.2 The genome of CHIKV 

CHIKV has an approximately 12 kbp genome that consists a linear, positive-

sense, ssRNA molecule [494]. The 5’ end of the genome has a 7- methylguanosine 

cap and the 3’ end is polyadenylated [494] (Figure 2.11). The NS precursor is 

encoded in the 5’ two thirds of the genome, while the structural genes are 

collinear with the 3’ one third [494]. The NS protein precursor is cleaved into NS 

proteins [496] and structural proteins are generated by translation of an mRNA 

that is generated from an internal, subgenomic promoter immediately 

downstream of the NS ORF [494].  

 

 

Figure 2.11. Genome structure of CHIKV  
The figure showing relative position of four NS protein genes (NS1-4) and gene of five 
structural proteins of CHIKV (C, E3, E2, 6K, and E1) [37]. 

 

2.4.1.3 Life cycles of CHIKV 

The life cycle of CHIKV starts with the attachment of a virion to the host 

receptor, after which receptor-mediated endocytosis, fusion of the viral envelope, 

disassembly of the core and release of the genomic RNA occur [490]. The virus 

binds to the host receptor mediated by E1 and E2 proteins [490] and the 

endocytosis is clathrin-dependent process [490]. The replication proteins (NS1-4) 

are then translated and enable the replication of the input genomic RNA and 

translation of the subgenomic mRNA into structural proteins [490]. The genomic 

and subgenomic RNAs are translated into polyprotein precursors that finally 

cleave into NS proteins and structural proteins [496]. The structural proteins are 

synthesized as a long polyprotein, which is then posttranslationally cleaved into 

an individual protein. The structural proteins insert into the endoplasmic 

reticulum membrane and transit to the host plasma membrane via the secretory 
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pathway [490]. Finally, the positive RNA strand, structural proteins and capsid 

proteins finally are assembled into the mature virion [496]. 

 

2.4.2 Epidemiology of Chikungunya  

2.4.2.1 Global incidence and mortality of chikungunya 

CHIKV re-emerged in the early of 2000s [37]. Since 2005, massive outbreaks of 

chikungunya swept across the Indian Ocean and Southeast Asia [99-111]. In La 

Réunion, the outbreak affected about a third of the population [100, 497], and in 

India the viruses infected more than 1.3 million persons during 2005-2006 [105]. 

In Sri Lanka, the viruses infected more than 100,000 people between 2006 and 

2007 [106]. A current systematic review found that the clinical attack rates of 

specific outbreaks, diagnosed based on clinical symptoms only, ranged from 

0.28% to 73.4% while the laboratory-confirmed attack rate ranged from 0.13% to 

58.3% in Asia-Pacific region [498]. The systematic review also reported 48 deaths 

due to laboratory-confirmed CHIKV infection in which most of them were 

reported in India and Malaysia [498]. 

 

In the Western Hemisphere, the first local transmission of CHIKV was reported 

in December 2013 in Saint Martin [499, 500]. By the end of 2014, more than 1.1 

million suspect cases were reported in the Americas and in 2016, over 500,000 

chikungunya cases were reported [501]. Currently, CHIKV has spread to almost 

40 countries worldwide [502]. Global distribution of chikungunya is presented in 

Figure 2.12. CHIKV is now distributed worldwide because of the prevalence of 

the vectors and their efficiency in transmitting the virus [502].  
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Figure 2.12. Global distribution of CHIKV  
The dark green colour indicates the countries and territories where local transmission of 
CHIKV have been reported (as of May 29, 2018) [503].  

 

2.4.2.2 Global economic burden of chikungunya 

The true burden of chikungunya is hard to assess for at least two reasons: (a)  a 

high proportion of asymptomatic and mild cases who may not seek medical 

attention; and (b) a high chance of misclassification of chikungunya as other 

similar infections such as dengue or Zika as share overlapping symptoms [456]. 

Nevertheless, studies have been conducted to assess the economic burden of 

CHIKV infection and showed that chikungunya associated with high economic 

burden in term of several  economic measures such as loss of work due to long 

term morbidity [504], absenteeism at work [44], loss of gross proceeds due to 

depletion of blood supply and reduced blood inventory  [505], costs related to 

work days lost, expenditures on medicines, costs of transportation, medical 

consults and diagnosis [506], economic impact due to loss in tourism, medical 

costs related to hospitalization and drugs [507] and DALY [508-511].   

 

The first study assessing DALYs was conducted for 2006 chikungunya outbreak 

in India [510].  The study found that the national burden was estimated to be 

25,588 DALYs lost with an overall burden of 45.26 DALYs per million. Persistent 
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arthralgia accounting for 69% of the total DALYs [510]. The productivity loss in 

terms of income foregone was estimated to be at least Indian Rupee 391 million 

[510]. This data indicate that chikungunya outbreak could cause a heavy 

epidemiological burden and productivity loss to the community, and high DALY 

lost. One of the comprehensive DALY studies was conducted during a 

chikungunya outbreak in Colombia in 2014 [511]. During the epidemic, 106,592 

cases were reported with IRs ranging from 0 to 1837.3 cases/100,000 population. 

It was estimated that the national total DALYs lost was 40.44 to 45.14 per 100,000 

population and each chikungunya patient cost between US$1438.74 to 3396.57 in 

the first year of the disease. The estimated total costs for this outbreak were at 

least US$73.6 million and put an enormous burden on the country’s economy 

[511]. 

 

2.4.2.3 Epidemiology of chikungunya in Indonesia: A systematic review 

Based on Indonesian MoH data, chikungunya cases were reported for the first 

time in Samarinda (Kalimantan Island) in 1973 [112]. However, there is evidence 

to suggest that CHIKV infections have occurred in Indonesia prior to 1973. 

Serum samples collected between 1969-1972 demonstrated significant titres of 

anti-CHIKV antibodies when tested using HI assay and the plaque reduction 

neutralization test (PRNT) in most of the Indonesian archipelago, except Java 

[113, 114]. In addition, evidence from historical reports suggest that the first 

circulation of CHIKV was back in 1779 in Jakarta, when this infection was called 

kidinga pepo [115, 116]. The first virologically confirmed chikungunya outbreak 

was reported in June 1982 in Jambi province of Sumatra island, followed by 

multiple outbreaks between 1983 and 1984 [117]. Chikungunya cases were not 

recorded in Indonesia for approximately 20 years, before the infection appeared 

to re-emerge and cause multiple outbreaks in South Sumatera, Aceh and West 

Java in early 2001 [112]. Since then multiple outbreaks have been reported in 

Indonesia [10, 38-40, 112, 118-124].  
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Despite the high number of chikungunya cases in Indonesia in recent years, 

comprehensive epidemiological data are lacking. To provide a comprehensive 

overview of chikungunya epidemiology in Indonesia, a systematic review was 

conducted with primary objectives were: (a) to estimate the incidence of 

chikungunya; (b) to characterize the seroprevalence of anti-CHIKV IgM and IgG; 

(c) to describe the mortality of chikungunya; (d) to provide data of travel-

associated chikungunya originating from Indonesia; and (e) to provide data of 

CHIKV genotypes circulating in Indonesia. The results of CHIKV genotypes 

circulating in Indonesia are provided in Section 2.4.4.2. Detailed methods of the 

systematic review have been published elsewhere. 

 

The searches yielded 182 references of which 84 were excluded as duplicates. The 

screening process resulted in 24 eligible studies [44, 45, 75, 78, 79, 104, 113, 114, 

117, 118, 512-525]. An additional 16 references were identified from reference 

lists, reviews and GenBank references [42, 80-84, 111, 526-534] in which some of 

the references reported more than one of the outcomes of interest. A total of 40 

references were included in this systematic review [42, 44, 45, 75, 78-84, 104, 111, 

113, 114, 117, 118, 512-534]. The flowchart of the result of literature search 

according to PRISMA is presented in Figure 2.13. Of these references, two studies 

assessed the incidence of chikungunya [44, 525], five studies assessed the 

seroprevalence of anti-CHIKV IgM [45, 117, 118, 512, 525] and seven assessed the 

seroprevalence of anti-CHIKV IgG [45, 113, 114, 117, 118, 512, 513]. Five studies 

reported mortality rates of chikungunya [45, 104, 117, 118, 514]. Exported 

chikungunya or travel-related chikungunya were reported in 24 studies [42, 75, 

78-84, 111, 516, 518, 520-524, 526-531, 533] and genotype analyses of CHIKV 

circulating in Indonesia were reported in sixteen studies [42, 44, 45, 104, 111, 515-

519, 528, 529, 531-534]. In addition, eleven official reports from the MoH of 

Indonesia, all reporting the incidence and mortality of chikungunya, were 

identified and included [10, 38-40, 112, 119-124].  
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Figure 2.13. Flowchart of chikungunya literature search according to PRISMA 
The full text references were retrieved for 43 titles; 19 had been excluded for one of four 
reasons: (a) the full-text did not include data of any outcome of interest (n=9); (b) full-
texts were not available and the abstract did not include adequate data for any outcome 
of interest (n=8); (c) duplicated data in another study (n=1); and d) did not meet eligibility 
criteria (n=1).  

 

a. Incidence rate of chikungunya in Indonesia 

Two studies assessed the IR of chikungunya in Indonesia [44, 525]. One study 

took place in Bandung (West Java province) between 2000-2004 and between 

2006-2008 [44]. This study found that the incidence of chikungunya was 

10.1/1,000 persons-year [44]. Another study in three localities in Indonesia 

found similar incidence, 8.8/1,000 persons-year during 2010-2011 [525]. In 

addition, eleven annual reports from the MoH of Indonesia were identified 

[10, 38-40, 112, 119-124], providing the IR of chikungunya between 2004 and 
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2015. This data revealed that the lowest chikungunya incidence was in 2005 

with 0.16/100,000 person-year [112] while the highest IR was recorded in 2009 

with 36.2 cases per 100,000 persons-year [38]. In 2009, more than 83 thousand 

cases were reported and CHIKV been reported circulate in seventeen out of 

34 provinces in Indonesia [38]. 

 

To provide a more comprehensive picture of IR of chikungunya, we accessed 

and extracted the National Disease Surveillance database of MoH were 

extracted and analysed. The database covered chikungunya incidence 

between 2001 and 2016. In this 16-year period, the most notable finding is the 

massive nationwide outbreak during 2009-2010 with 137,655 cases followed 

by a smaller nationwide outbreak in 2013 with 15,324 cases (Figure 2.14). 

Prior to 2008 the incidence of chikungunya was less than 10,000 cases/year 

and this increased significantly in 2009 and 2010 with 83,756 and 53,899 cases, 

respectively [38, 39] (Figure 2.14) indicating that chikungunya incidence 

increased more than 20 times in 2009. There is no scientific evidence to 

explain what occurred during this outbreak. The MoH suggests that this 

increase was due to the fact that prior to 2009, many regions did not include 

CHIKV case reports in their annual reports to the MoH.  
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Figure 2.14. IR and number of chikungunya case in Indonesia 
The IR of chikungunya case is expressed per 100,000 person years. The data are retrieved 
from the MoH of the Republic of Indonesia from 2001 to 2016. 

 

b. Provincial geographic distribution of chikungunya cases 

Geographical mapping of incidence rates of CHIKV infection in Indonesian 

indicated that chikungunya cases did not distribute equally among 

Indonesian regions (Figure 2.15). The highest incidence of chikungunya 

occurred in Sumatera, Kalimantan and Java. Chikungunya was not reported 

in Papua and West Papua between 2008 and 2016. 
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Figure 2.15. Provincial IRs of chikungunya in Indonesian, 2008-2016 
The provincial IRs of chikungunya cases are expressed as the number of case per 100,000 
civilians. Annual number of chikungunya cases from each Indonesian province was 
extracted from the MoH of the Republic Indonesia and the map was created using 
ArcGIS. The colour gradation indicates the incidence rates. 
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c. Seroprevalence of IgM in Indonesia 

Despite multiple outbreaks that have occurred in Indonesia since its re-

emergence, there is also a lack of data regarding the magnitude of CHIKV 

exposure in the Indonesian population. Five studies were identified that 

assessed the seroprevalence of anti-CHIKV IgM (with or without the 

combination of other tests), during both outbreak and non-outbreak settings 

[45, 117, 118, 512, 525]. These studies analyzed a total of 1,183 serum samples 

between 1998 and 2010. The combination of all studies that were conducted 

in outbreak and non-outbreak settings yielded a median IgM seroprevalence 

of 13.3% (range 0.0-60.4%) (Table 2.9).  

 

The data indicate that the seroprevalence of anti-CHIKV IgM during an 

outbreak is much higher compared to in a non-outbreak setting (median 

17.7%, range 3.2-60.4% vs. median 7.3%, range 0.0-26.3%, respectively). In 

some outbreaks the seroprevalence of IgM was more than 50%, such as the 

outbreak in Bogor 2001 [118]. However, an investigation conducted three 

month after a chikungunya outbreak in Yogyakarta during 1998-1999 found 

that IgM were only present in 3.2% of suspected patients with CHIKV 

infection while IgG seroprevalence was at 70.4% [117] (Table 2.9). Although 

IgM may persist for months to years following the resolution of infection, 

IgM titers reduce to undetectable levels after weeks for most chikungunya 

patients and are replaced with long lasting IgG [491]. The high 

seroprevalence of anti-CHIKV IgM indicates that chikungunya is endemic in 

Indonesia with on-going transmission. 
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Table 2.9. Seroprevalence of anti-CHIKV IgM in Indonesia 
 

Setting Year Region Sample 
tested  

Positive cases Diagnosis 
method  

Reference 
Number  Percentage 

Non-outbreak and febrile 2010 Jakarta, West Java, Bali 105  26  24.8 IgM ELISA [525] 
 2004-2005 Indonesia 198 7  3.5 IgM ELISA [512] 
 1998-1999  Yogyakarta 57 15  26.3 IgM ELISA [117] 
Non-outbreak and non-febrile 2002 Bekasi  55 0  0.0 IgM ELISA [118] 
 2001 Bogor  99 9  9.1 IgM ELISA [118] 
 1998-1999  Yogyakarta 123 7 5.6 IgM ELISA [117] 
Median (Non-outbreak) 1998-2010 Indonesia   7.3 (0.0-26.3) IgM ELISA Present study  
Outbreak and febrile 2015-2016 Bali 15 2 13.3 IgM ELISA [45] 
 2002 Bekasi 93  40 43.0 IgM ELISA [118] 
 2001 Bogor  86  52  60.4 IgM ELISA [118] 
 1998-1999  Yogyakarta 61 2  3.2 IgM ELISA [117] 
Outbreak and non-febrile 2002 Bekasi 124 13  10.4 IgM ELISA [118] 
 2002 Bekasi 21 4   19.0 IgM ELISA [118] 
 2001 Bogor  45  8 17.7 IgM ELISA [118] 
 2001 Bogor  25 12 48.0 IgM ELISA [118] 
 1998-1999  Yogyakarta 76 3  3.9 IgM ELISA [117] 
Median (Outbreak) 1998-2010 Indonesia   17.7 (3.2-60.4) IgM ELISA Present study 
Median (Total) 1998-2010 Indonesia   13.3 (0.0-60.4) IgM ELISA Present study 
ELISA: Enzyme-linked immunosorbent assay 
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In both outbreak and non-outbreak localities, the median seroprevalence of 

asymptomatic residents with current CHIKV infection (the present of IgM) 

was 9.1% (range 0.0-48.0%) (Table 2.9). This finding highlights the important 

fact that not all CHIKV infections present with specific symptoms that are 

noticed by the infected individuals. A recent systematic review revealed that 

the proportion of CHIKV infections that were asymptomatic was highly 

variable, ranging from 3.2% to 82.1% [535]. Interestingly, current studies 

indicate there is an increasing trend of asymptomatic chikungunya over time 

[37, 497, 536]. Except for one study, all studies published from 2013 onwards 

reported that the percentage of asymptomatic chikungunya was more than 

30% [535]. 

 

d. Seroprevalence of IgG in Indonesia 

Seven studies provided information on the seroprevalence of anti-CHIKV 

IgG in humans, in both outbreak and non-outbreak settings [45, 113, 114, 117, 

118, 512, 513]. These studies covered a 47-year period (between 1969 and 

2015) with a total of 3,717 serum samples tested (Table 2.10). Overall, in both 

outbreak and non-outbreak settings, the median seroprevalence of IgG was 

18.5% (ranging from 0.0% in non-febrile inhabitants in non-outbreak area to 

73.1% among patients who were febrile during an outbreak). In a non-

outbreak setting, for both febrile and non-febrile patients, the median 

seroprevalence of anti-CHIKV IgG was 14.1% (range 0.0-43.9%). In contrast, 

the seroprevalence of IgG was much higher among patients during an 

outbreak (both febrile and non-febrile individuals) (median 47.4%, range 0.0-

73.1%). The median seroprevalence of anti-CHIKV IgG among non-febrile 

subjects in a non-outbreak setting was 12.2% (range 0.0 to 26.8%) in 

Indonesia.  

 

From an epidemiological perspective, data from non-febrile subjects collected 

in a non-outbreak setting is the best representation of the true seroprevalence 
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of CHIKV infection. The median seroprevalence of anti-CHIKV IgG in this 

population was 12.7% (range 0.0-26.8%) in Indonesia. This figure is higher 

than the estimated seroprevalence of anti-CHIKV IgG in Malaysian adults, 

which is at 5.9% [537]. 

 

e. Mortality rate of chikungunya in Indonesia 

Five outbreak investigations [45, 104, 117, 118, 514] were identified and no 

deaths due to chikungunya were reported. In addition, in eleven annual 

reports from the MoH of Indonesia, covering 44 years (1973 to 2016), there 

were no deaths related to CHIKV infection [10, 38-40, 112, 119-124].   

 

f. Travel-related chikungunya cases in Indonesia 

Twenty four studies, reporting exported chikungunya cases that originated 

from Indonesia covering a 26 year-period from 1989 to 2014, were identified 

[42, 75, 78-84, 111, 516, 518, 520-524, 526-531, 533] (Table 2.11). During this 

period, a total of 195 cases of chikungunya cases were reported from 

travellers returning to Australia (128 cases) [75, 78-84], Taiwan (47 cases) [42, 

516, 529], Japan (4 cases) [520, 521] and other countries in Asia, Europe and 

the Pacific region (16 cases) [518, 522-524, 526, 528, 530-533, 538]. Most of 

these cases were diagnosed with a combination of serology and RT-PCR, and 

sequence data was generated from only 27.6% (54/195) of cases [42, 111, 516, 

518, 528-531, 533].  
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Table 2.10. Seroprevalence of anti-CHIKV IgG in Indonesia 
 

Setting Year Region Sample 

tested   

Positive cases Diagnosis 

method  

Reference 

Number   % 

Non-outbreak and febrile 2004-2005 Indonesia 198 87 43.9 IgG [512] 

 1995-1996 Semarang 60  14 23.3 IgG [513] 

 1998-1999  Yogyakarta 57 24 42.1 IgG [117] 

Non-outbreak and non-febrile 1998-1999  Yogyakarta 123 33 26.8 IgG [117] 

 2002 Bekasi  55 3 5.4 IgG [118] 

 2001 Bogor  99 13 13.1 IgG  [118] 

 1972 Kalimantan  692 151 21.8 HI [114] 

 1972 Java 54 0 0.0 HI [114] 

 1972 Bali 107 2 1.9 HI [114] 

 1972 Lombok 140 6 4.3 HI [114] 

 1972 Kupang 121 15 12.4 HI [114] 

 1972 Sulawesi 298 55 18.4 HI [114] 

 1972 Ambon 321 37 11.5 HI [114] 

 1972 Kalimantan 199 28 14.1 PRNT [113] 

 1971 Sulawesi 125 24 19.2 PRNT [113] 

 1971 Ambon 64 2 3.1 PRNT [113] 

 1969-1970 Papua  243 45 18.5 PRNT [113] 

Median (Non-outbreak) 1969-2005 Indonesia   14.1 (0.0-43.9)   

Outbreak and febrile 2015 Bali 8 0 0.0 IgG [45] 

 2002-2003 North Sulawesi 222 18 8.1 IgG [118] 

 2002 Bekasi 93  68 73.1 IgG [118] 

 2001 Bogor  86  58  67.4 IgG [118] 

 1998-1999 Yogyakarta 61 43 70.4 IgG [117] 

Outbreak and non-febrile 2002 Bekasi 145 65 44.8 IgG [118] 

 2001 Bogor  70 35 50.0 IgG [118] 
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 1998-1999  Yogyakarta 76 34 44.5 IgG  [117] 

Median (Outbreak) 1998-2015 Indonesia   47.4 (0.0-73.1)   

Median (Total) 1969-2015 Indonesia   18.5 (0.0-73.1)   
HI: haemagglutination inhibition assay, PRNT: Plaque reduction neutralization tests 
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Table 2.11. Exported chikungunya cases originating from Indonesia  
 

Year(s) Country of reporting  Number 

of cases 

Diagnosis method Genotype (n) Reference  

2013-2014 Australia 47 IgM, IgG, RT-PCR and isolation Unknown [75] 

2013 Russia 1 RT-PCR, isolation and sequencing Asian (1) [518] 

2013 New Caledonia 1 RT-PCR and sequencing Asian (1) [530] 

2012-2014 Taiwan  23 RT-PCR, isolation and sequencing Asian (15) and unidentified (8) [42] 

2012-2013 Australia 34 IgM, IgG, RT-PCR and isolation Unknown [78] 

2012 Germany  1 Isolation and sequencing Asian (1) [533] 

2011-2012 Australia 2 IgM, IgG, RT-PCR and isolation Unknown [79] 

2010-2011 Australia 32 IgM, IgG, RT-PCR and isolation Unknown [81] 

2011 New Caledonia 2 Serology  Unknown [527] 

2010 Brazil 1 IgM, IgG  Unknown [524] 

2010 Brazil  1 IgM and HI assay  Unknown [526] 

2010 Japan 1 IgM and RT-PCR Unknown [520] 

2010 Netherlands 1 Isolation and sequencing ECSA (1) [531] 

2009-2010 South Korea 3 IgM  Unknown [522] 

2009-2010 Australia 7 IgM, IgG, RT-PCR and isolation Unknown [84] 

2009-2010 Taiwan 16 RT-PCR, isolation and sequencing Asian (8), ECSA (6) and unidentified (2)  [42] 

2009 Japan 3 IgM and PRNT Unknown [521] 

2009 France  1 IgM, RT-PCR and sequencing Asian (1) [528] 

2008-2009 Australia 2 IgM, IgG, RT-PCR and isolation Unknown [83] 

2009 Singapore 3 IgM, RT-PCR and sequencing Asian (1), ECSA (1) [111] 

2007 Australia  3 IgM, IgG and RT-PCR  Unknown [82] 

2007 Taiwan 1 RT-PCR, isolation and sequencing Asian (1) [516] 

2006-2009 Taiwan  7 RT-PCR, isolation and sequencing Asian (7) [529] 

2006 Europe 1 IgM, IgG or RT-PCR Unknown [523] 

1989 Australia 1 IgM, IgG and isolation  Unknown [80] 

HI: Haemagglutination inhibition assay, PRNT: plaque reduction neutralizing test, RT-PCR: reverse transcription polymerase chain reaction 
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2.4.3 Transmission of CHIKV 

Two distinct transmission cycles have been described for CHIKV: a sylvatic cycle 

and an urban cycle. The first cycle has been documented primarily in Africa, 

between non-human primates and forest-dwelling Aedes mosquitoes such as Ae. 

furcifer [457]. In the urban cycle, CHIKV is maintained between urban Aedes 

species and humans [457]. Occasionally, the virus from sylvatic cycle can spill 

over to humans either as a one-step jump from a reservoir host species into 

humans or as a two-step jump from the reservoir to an amplification host species 

and then to humans [539, 540]. Although CHIKV is primarily transmitted by 

urban Aedes species, Ae. aegypti and Ae. albopictus mosquitoes [491, 541, 542], 

other mosquito species have been reported to be competent to transmit CHIKV. 

In the sylvatic environment of Senegal, CHIKV has been detected transmitted by 

Ae. furcifer, Ae. taylori, Ae. luteocephalus, Ae. africanus and Ae. neoafricanus [543]. A 

study also found that Ae. cordellieri, was also involved in CHIKV transmission 

[48].  

 

2.4.4 Genotype and Lineage of CHIKV  

2.4.4.1 Global distribution of genotype and lineage  

There are three genotypes of CHIKV: the West African, East/Central/South 

African (ECSA), and Asian genotype [544]. The ECSA genotype consists of three 

lineages: Central African, East/South African, and the Indian Ocean Lineage 

(IOL). These genotypes are spreading sporadically worldwide, with ECSA and 

Asian genotypes being the predominately isolated [502].  

 

In 2004, an outbreak associated with ECSA lineage progenitor (IOL lineage of E1-

226V variant) began in coastal Kenya [545] before spreading to several Indian 

Ocean islands and to India, where it caused explosive epidemics with 

unprecedented magnitude [100, 528, 546, 547]. In India, the viruses cause massive 

outbreak, affecting 13 different states during 2005-2006 and infected more than 

one million people [547-549]. In Africa, the viruses also caused outbreaks in 
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Cameroon, Gabon and Congo [502, 542]. This variant also caused outbreak in 

European countries such as in Italy (2007) and in France (2010) [502, 542]. Since 

2008, IOL lineage was also imported into Southeast Asia: Malaysia, Singapore, 

Thailand, China, Cambodia and Bhutan [542].  The global distribution of CHIKV 

genotype is presented in Figure 2.16.  

 

In Asia countries (Thailand, India, Indonesia, Malaysia, and Philippines), during 

1950s and 2005, the most reported sporadic chikungunya cases and outbreaks 

caused by Asian genotype and ECSA genotype appeared in the region for the 

first time in 2005  [498]. During 2006–2010, ECSA was the most prevalent 

genotype found in Indonesia, Thailand, Malaysia, and Singapore [104, 502]. Since 

then, outbreaks involving ECSA lineage have occurred almost every year  [498]. 

The first reports of ECSA-IOL strains were made in 2007 from India and Thailand  

[498]. In Asia-Pacific, 80% of reported CHIKV belong to ECSA genotype, 

including 35% of reports documenting IOL strains [498]. Distribution of CHIKV 

genotype in Asia-Pacific region is presented in Figure 2.17. 

 

 
Figure 2.16. Global distribution of CHIKV genotypes and lineages 
The figure shows the spread and divergence of the ECSA genotype to the Indian Ocean 
islands and Asia [491].  
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Figure 2.17. CHIKV genotypes in Asia-Pacific region  
During three different periods, there is significant shift of the genotype from Asian to 
ECSA genotype in Asia-Pacific region [498].   
  
 

2.4.4.2 Genotypes of CHIKV in Indonesia: A systematic review 

This is part of the systematic review that was explained in Section 2.4.2.3. Sixteen 

studies reporting the genotype of circulating Indonesian CHIKV were identified 

with a total of 130 viruses sequences [42, 44, 45, 104, 111, 515-519, 528, 529, 531-

534] (Table 2.12). Of these studies, seven were conducted among local 

inhabitants [44, 45, 104, 515, 517, 519, 534], and eight were conducted with 

viruses isolated from travellers returning from Indonesia [42, 111, 516, 518, 528, 

529, 531, 533]. One study did not mention whether the virus was isolated in local 

inhabitant or in a traveller [532]. Of the seven local studies, four were conducted 

in a non-outbreak setting [44, 515, 517, 519], two investigations were carried out 

during a chikungunya outbreak [45, 104] and one study did not specify the 

setting [534]. Most of the viruses that were isolated from travellers were from 

Taiwan [42, 516, 529]. Other viruses were collected from travellers returning to 

Singapore [111], France [528], the Netherlands [531], Russia [518], and Germany 

[533]. A vast majority of the 130 CHIKV isolated from Indonesia, belonged to 
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Asian genotype (92.3%, 120/130). The remaining isolated viruses were identified 

as being viruses of the ECSA genotype (7.7%, 10/130). Of these ECSA viruses, 

two were isolated locally in 2011 [104] and the remaining eight were isolated 

from travelers returning from Indonesia between 2008-2010 [42, 111, 531]. Viruses 

of the West African genotype have not yet been identified in or from Indonesia.  

 

For phylogenetic and evolutionary analyses based on CHIKV E1 gene sequences, 

127 sequences instead of 130 sequences were included. One paper, NS gene 

sequence of three Asian genotype viruses, was excluded [515]. The relationship 

of Indonesian CHIKV to other CHIKV isolated worldwide is shown in Figure 

2.18. The Asian genotype was first identified in Indonesia in 1983 [532], while 

viruses of the ECSA genotype were isolated for the first time in 2008, following 

the isolation of this genotype from returning Taiwanese [529] and Singaporean 

travellers [111].  

 

A Bayesian Markov chain Monte Carlo (MCMC) analysis using 53 representative 

reference sequences revealed that the ECSA viruses sampled in Indonesia 

between 2008 and 2011 belong to the IOL and are closely related to viruses that 

have circulated in Southeast Asian countries such as Sri Lanka, Malaysia, 

Singapore, Thailand, and Myanmar, as well as China and South Korea during the 

same period (Figure 2.19). Interestingly, viruses of the ECSA genotype have not 

been sampled in Indonesia, in either locals or travelers, from 2011 onwards. 
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Table 2.12. CHIKV genotypes circulating in Indonesia  
 

Year Location Setting  Number of 
sequences 

Genotype(s)  Accession number (GenBank) Reference 

2015 Jambi Non-outbreak 8 Asian KX097981-KX097988  [519] 
2016 Bali Outbreak  6 Asian KY885022-KY885027 [45] 
2013 Indonesia Exported case 1 Asian KF872195 [518] 
2012 Bali Exported case 1 Asian KM673291 [533] 
2011 Various places  Outbreak  28 ECSA (2), Asian (26) KJ729829-KJ729856 [104] 
2011 Surabaya Ae. aegypti male 2 Asian AB678689-AB678690 [517] 
2010-2011 Surabaya Non-outbreak 17  Asian  AB678691-AB678695 

AB678678-AB678688 
[517] 

2010 Indonesia Exported case 1 ECSA KC862329 [531] 
2009 Indonesia Exported case 1 Asian FR846307 [528] 
2007-2014a Indonesia  Exported case 29  ECSA (6), Asian (23) 

 
KU561427-KU561432 and 
KU561436-KU561458 

[42] 

2008 Indonesia  Exported case 2  ECSA (1), Asian (1) FJ445483, FJ445472 [111] 
2007 Indonesia  Exported case 1 Asian  EU192143 [516] 
2007-2008 Indonesia  Exported case 7 Asian  FJ807897, FJ807886-FJ807891 [529] 
2007b Bandung Non-outbreak  3 Asian KT175539-KT175541 [515] 
2000-2008 Bandung Non-outbreak 20 Asian KC879559-KC879578 [44] 
1985 Indonesia Unknown 1 Asian HM045797 [532] 
1985 Ambon  Unknown  1 Asian AF192894 [534] 
1983 Indonesia Unknown  1 Asian HM045791 [532] 
ECSA: East-Central South African 

a ECSA genotype was isolated during 2009-2010 only  
b Sequences are part of non-structural gene 

 
 



     

 

 

Figure 2.18. Phylogenetic tree of Indonesian CHIKV 
The phylogenetic tree was generated using the maximum likelihood method available in 

the RAxML program with GTR+Γ. The tree shows the position of ten viruses of ECSA 

genotype and 117 of Asian genotype from Indonesia relative to other 1,589 reference 

viruses isolated worldwide.  
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Figure 2.19. The maximum clade credibility tree of Indonesian CHIKV 
The maximum clade credibility tree of CHIKV was generated using the Bayesian Markov 

chain Monte Carlo (MCMC) method as implemented in BEAST using GTR evolution 

model from E1 sequences. In the analysis, 127 Indonesian CHIKV and 53 representative 

reference.  All Indonesian CHIKV, isolated locally (red front) or isolated in neighboring 

countries (blue front) are grouped into Asian and ECSA genotype. 
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2.4.5 Immune Response to CHIKV  

Monocytes and macrophages are the major hematopoietic subsets targeted by 

CHIKV [550]. CHIKV also infect other cell types such as dendritic cells, synovial 

fibroblasts, endothelial cells, and myocytes [551]. Upon infection, CHIKV 

stimulates production of type I IFN and IFN-stimulated genes that are essential 

for clearing CHIKV from the body [550, 552]. A study found that there was an 

activation of CD8+ T-cells early in the infection, followed by CHIKV-induced 

apoptosis of CD4+ T-cells [553].  

 

In bones, cytokines associated with CHIKV infection, such as TNF-α, IL-6, and 

IL-1, promote osteoclast activity [554] and inflammation stemming from CHIKV 

infection alters osteoblast and osteoclast proliferation and function [555]. These 

contribute to the effects of chronic CHIKV and osteoclastogenesis [490]. In brain, 

CHIKV infects astrocytes and microglial [556]. In astrocytes, CHIKV induce 

apoptosis while in microglial CHIKV induces the production of cytokines and 

pro-apoptotic molecules [557]. 

 

2.4.6 Chikungunya Disease 

The illnesses caused by CHIKV and DENV are clinically indistinguishable and 

the accurate diagnosis of these infections on clinical grounds alone is usually 

problematic [41, 42]. Although prior literature has stated that a higher proportion 

of people infected with CHIKV are symptomatic than those infected with DENV 

[558], a recent systematic review revealed that asymptomatic chikungunya had a 

very high variability in percentages ranging from 3.2% in La Réunion (2005-2006) 

to 82.1% in the Philippines (2012-2013) [559]. The highest percentage of 

asymptomatic chikungunya has been recorded with the Asian genotype in the 

Philippines at 82.1% [559, 560]. 
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2.4.6.1 Pathogenesis of disease 

During the early and acute phase of infection, high titres of CHIKV are present in 

the blood, resulting in viraemia. The resulting inflammatory response coincides 

with elevation of immune mediators followed by infiltration of immune cells into 

infected joints and surrounding tissues [491]. Studies found that patients with 

acute and chronic CHIKV infection have high concentrations of circulating 

cytokines and chemokines [561-563]. A meta-analysis [564] found raised levels of 

numerous serum and plasma cytokines among patients infected with CHIKV 

including pro-inflammatory cytokines such as IFN-α, IFN-γ, and IL-6, anti-

inflammatory cytokines such as IL-1 receptor antagonist, IL-4, and IL-10, 

chemokines and monocyte chemottractant protein 1  [564]. These inflammatory 

cytokines are associated with CHIKV resolution and severity [562]. 

 

One of the dominant outcomes of CHIKV infection is chronic arthritis and 

arthralgia. Chronic arthritis or arthralgia is characterized by severe joint pain due 

to inflammation and tissue destruction [550]. Studies found that CHIKV infect 

synovial fibroblasts and human osteoblasts and causes cytopathic effects, which 

could contribute to the joint pathology and erosive disease [551, 565]. High levels 

of RANKL/osteoprotegerin were detected among infected patients and could be 

implicated in the activation of macrophage-derived osteoclasts, cause bone 

erosion [565]. Moreover, greater numbers of natural killer cells have been found 

in the peripheral blood of patients with persistent chikungunya-induced arthritis 

than in healthy controls [491, 566]. Interestingly, CHIKV could hide in human 

synovial tissue sanctuaries from adaptive immune response [550]. Based on these 

facts, there are at least three hypothesis to explain chronic arthritis associated 

CHIKV infection: (a) persistence of the infectious virus; (b) persistence of viral 

nucleic acids, which could trigger persistent immunopathology; and (c) 

triggering of persistent immune activation in certain individuals after the 

infectious virus has been cleared [491].  
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2.4.6.2 Clinical features of chikungunya 

The common symptoms of chikungunya include rash, high fever, severe joint 

and muscle pain, headache and photophobia [37, 536]. After a mean incubation 

period of 3 days, patients usually have an abrupt onset of high fever (>39°C), 

severe myalgia and arthralgia, and rash (erythematous, maculopapular), which 

can range in severity from [491]. The rash and fever usually resolve within a few 

days [491].  

 

2.4.6.3 Complications of chikungunya 

Severe symptoms involving vital organs, may develop during CHIKV infection 

such as encephalitis [567, 568], encephalopathy [568-570], optic neuropathy [568, 

571], neuroretinitis [571], myelopathy and myelitis [568], Guillain-Barré 

syndrome [568, 571], myocarditis [570], hepatitis [572], acute interstitial nephritis 

[573], severe sepsis [574], septic shock [574] and multi-organ failure [570-572, 575, 

576]. In rare cases, infections may be fatal [567, 572-574, 576]. Prenatal CHIKV 

infections can cause sequelae such as microcephaly and cerebral palsy [577, 578].  

In adults, persisting arthralgia/arthritis, alopecia and depression are the most 

commonly recorded sequelae [579-582]. One study found that approximately 

25% of chikungunya cases develop chronic inflammatory rheumatism and 14% 

develop chronic arthritis [583], creating a major burden on society in terms of 

morbidity and economic productivity [581, 582, 584, 585]. 

 

2.4.7 Chikungunya Diagnosis  

The association of acute fever and arthralgia is highly predictive for CHIKV 

infection in areas where the disease is endemic and where epidemics have 

occurred. Therefore the diagnosis of chikungunya cases is typically clinical  [37]. 

Blood component profile is not significant for CHIKV diagnosis. The main 

laboratory finding is lymphopenia, thrombocytopenia, and increased liver 

enzymes such as aspartate aminotransferase and alanine aminotransferase [37]. A 

definitive diagnosis relies on virus detection through RT-PCR testing for acute 
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serum samples. RT-PCR can be designed in a multiplex format to simultaneously 

detect other alphaviruses.  

 

Serum IgM is detectable from day 5 to several months after the onset of illness 

and is also considered diagnostic. Seroconversion can also be detected as an 

increase in IgG by a factor or 4 or more between acute-phase and convalescent-

phase serum samples [37]. A study found that the sensitivity of the assays to 

detect IgM had a variation between different strains of CHIKV (E1-A226 vs. E1-

226V) [586]. There is no specific assay for assessing chronic signs and symptoms 

associated with CHIKV infection.  

 

2.4.8 Chikungunya Treatment  

No effective antiviral treatment for chikungunya is available. Treatment is purely 

symptomatic and is based on non-salicylate analgesics and non-steroidal anti-

inflammatory drugs [458]. Anti-inflammatory drugs are used to control 

symptoms and joint swelling [37]. 

 

2.4.9 Chikungunya Control and Prevention  

Since there is no specific treatment or vaccine, the control of chikungunya, like 

that of dengue, relies on vector reduction and on limiting the contact between 

humans and mosquitoes [457]. Control of both adult and larval mosquito 

populations uses the same model as for dengue.  

 

There is potential for using biological control of vectors as a mitigation strategy 

against CHIKV such as Sterile Insect Technology (SIT), Incompatible Insect 

Technique (IIT), and Release of Insects with Dominant Lethal mosquitoes (RIDL) 

[457]. Infection of mosquito vectors with bacteria for controlling or reducing 

CHIKV replication using Wolbachia or Bacillus thuringiensis is also promising 

[456]. Another potential for chikungunya control and control is using vaccine 

strategy. In the latest trial of live CHIKV vaccine TSI-GSD-218, 98% 
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seroconversion was detected on day 28 and NAb titers were persistent in 85% of 

cases after 1 year [587].  

 

2.5 ZIKA 

Zika is a re-emerging public health threat. On February 1, 2016, ZIKV infection 

was declared as a public health emergency of international concern by WHO 

[588]. The WHO predicted there  were up to 4 million ZIKV infections in 2016 in 

the Americas alone [127] and a modelling study suggests that up to 2.17 billion 

people live in areas conducive to ZIKV transmission [589]. 

 

2.5.1 Biology of ZIKV 

As described previously on Section 2.2, ZIKV belongs to Flavivirus genus together 

with DENV; therefore, the structure, genome and the life cycle of ZIKV are 

similar with DENV [126]. Those aspects have been described earlier in Section 

2.2.1 of this thesis.  

 

2.5.2 Epidemiology of Zika 

2.5.2.1 Global distribution of Zika 

ZIKV was identified for the first time in a monkey in Uganda in 1947 [125] and 

was reported for the first time in humans in Nigeria in 1954 [51, 590]. Since its 

identification, rare and sporadic cases in humans were reported in Africa and 

Asia, without drawing concerns or interest for investigation due to the mild 

clinical presentation and limited number of recorded cases [591].  

 

In 2007, the first recognized outbreak of ZIKV occurred on Yap island (Federated 

States of Micronesia) in the Western Pacific [52]. Subsequent infections of ZIKV 

were not reported until an outbreak occurred in French Polynesia in 2013 

followed in New Caledonia, Cook Islands, and Easter Island in 2014 and in 

Vanuatu, Solomon Islands, Samoa, and Fiji in 2015 with significant number of 

cases having neurological and autoimmune complications  [126, 592]. In May 
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2015, ZIKV infection was reported for the first time in the Americas (Brazil) [127, 

128], although seems to be circulating since 2013 [593]. Outbreaks and reports of 

ZIKV infection then appeared in Africa and other regions [594], and to date, Zika 

has been reported in 86 countries around the globe  [53].  

 

A recent study demonstrated that the introduction and dispersal of ZIKV on the 

Pacific islands and Americas originated from Asian that evolved adaptively with 

silent transmission in Southeast Asia [595]. The virus then introduced to 

immunologically naive populations on the Pacific islands and in the Americas 

[595]. Detailed evolution and global dispersal of ZIKV is presented in Figure 

2.20.  

 

In Asia, an outbreak of ZIKV was detected in Singapore in August 2016 and 

continued until November 2016 with 455 confirmed cases [596]. The Asian region 

is susceptible to epidemic ZIKV transmission when taking into consideration the 

widespread distribution of relevant mosquito vectors (Ae. aegypti and Ae. 

albopictus), the large amount of travel to and from Zika-affected areas, local 

conditions conducive to transmission, and limited health resources [61, 597, 598].  
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Figure 2.20. Phylogenetic tree of ZIKV evolution and its dispersal 
Colored circles on the terminal nodes represent the country of infection on the map. 

White lines indicate the main routes of spread [595].  

 

2.5.2.2 Global economic burden of Zika 

Given the most devastating complication of ZIKV infection, microcephaly, that is 

strongly associated with intellectual impairment, seizures, visual and hearing 

impairment, feeding difficulties, and significant developmental delay, this 

infection is associated not only with public health consequences but also 

economic impacts [599].  This economic impact is associated with implications 

regarding cost of treatment, and the loss of productivity of affected children and 

their caregivers [599]. A study predicted that up to 6% of ZIKV-infected pregnant 

women will miscarry or have stillborn deliveries [600] and surviving infants have 

as much as a 13% chance of microcephaly and associated mental, ocular, and 

hearing impairments [601]. 
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A global study estimated that that 7.60 million ZIKV infections occurred in 2016, 

resulting in 2.70 million symptomatic cases, 1880 cases of Zika-attributable 

Guillain-Barré syndrome, and 2400 congenital Zika syndrome births [602]. The 

global DALY count for the 2016 Zika outbreak was 5100 DALYs (ranging from 

3400 to 8000) [602]. In addition, those born with congenital Zika syndrome will 

have an on-going disability that will contribute to economic burden [602]. 

Furthermore, ZIKV could potentially impact the economies of affected countries, 

such as through reduced tourism and trade [603]. 

 

2.5.2.3 Epidemiology of Zika in Indonesia 

In Indonesia no Zika outbreak has been reported so far. However, Indonesia may 

be vulnerable for Zika outbreaks for several reasons. First, there is evidence 

indicating that ZIKV is already present in Indonesia. Seroprevalence studies in 

Central Java and Lombok identified anti-ZIKV antibodies during 1978 and 1983 

using a HI assay [54, 55], although these antibodies might be cross-reactive with 

DENV. Recent ZIKV infection among children aged 1-4 years, sampled in 2014, 

was detected in much of western and central Indonesia using a ZIKV 

microneutralization test [56]. In 2013, a traveler acquired ZIKV infection during a 

visit in Jakarta [604] and in 2015, a traveler returning to Australia developed Zika 

fever after visiting Bali [58]. In 2016, ZIKV was isolated for the first time from a 

patient in Indonesia (Jambi, Sumatra island) who had been suspected to suffer 

from DENV infection [132]. The patient had no history of travelling abroad, 

indicating that the virus was circulating in Indonesia [59]. Second, the global risk 

of ZIKV infection depends critically on the suitability of Ae. albopictus mosquitoes 

as a vector for ZIKV in the field [605] and ZIKV spreading to all countries where 

Ae. aegypti and Ae. albopictus mosquitoes are established [606]. Co-circulation of 

ZIKV with DENV and CHIKV most likely occurs throughout continents where 

the latter two are endemic [126]. In fact, Indonesia is one of the largest dengue 

endemic countries [607], experienced several outbreaks of chikungunya fever [44, 
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104, 118] and is widely inhabited by both Ae. aegypti and Ae. albopictus 

mosquitoes.  

 

In addition, although no other cases have been reported since, the potential 

misclassification of Zika and dengue diagnoses due to similar clinical 

presentations and the lack of a widely available Zika diagnostic test, could lead 

to underestimation of Zika cases [60]. A recent modeling study ranked Indonesia 

as the third country most at risk for ZIKV exposure, after India and China, due to 

the monthly volume of airline travelers [61]. In aggregate, these evidence suggest 

that Indonesia is at risk for a Zika epidemic.  

 

2.5.3 Transmission of ZIKV 

Similar with DENV, ZIKV also have two transmission cycles: a sylvatic and an 

urban cycle. However, unlike DENV that has a sylvatic cycle in Malaysia, ZIKV 

is not significantly sylvatic except in Africa [595, 608]. ZIKV is transmitted by Ae. 

aegypti and Ae. albopictus mosquitoes [125] and vertical transmission has been 

shown in Ae. aegypti and Ae. albopictus mosquitoes [609, 610]. Studies also suggest 

Culex mosquitoes, might be involved in ZIKV transmission [611, 612].  

 

Unlike DENV, ZIKV is able to be transmitted through sexual transmission. This 

has been confirmed among people living in non-endemic areas became infected 

after sexual intercourse with partners returning from endemic areas [126, 594, 

613]. A systematic review confirms that ZIKV persists in male genital secretions 

for a prolonged period after symptom onset [614]. Although sexual transmission 

might play a part in non-endemic areas, the main mode of ZIKV transmission is 

through mosquito bites [594, 615]. Recently, 85 countries, territories or 

subnational areas have been reported to have evidence of vector borne ZIKV 

transmission [616]. Since February 2016, 13 countries have already reported ZIKV 

transmission possibly via sexual contacts [617]. 
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Other possible transmission routes are transfusion and materno–fetal route. 

Transfusion-transmitted infection was confirmed in Brazil in 2016 [618] while 

perinatal transmission was first reported during the French Polynesian outbreak 

in 2013 [619] and was subsequently confirmed during the Brazilian outbreak 

[620].  

 

2.5.4 Immune Response to of ZIKV 

Our understanding of the immune response to ZIKV is limited. However, as 

DENV and ZIKV are closely related, the immune response to ZIKV is similar to 

DENV. Most of the knowledge about immune response to ZIKV is based on 

DENV studies and has been used in investigation of ZIKV pathogenesis, and to 

accelerate ZIKV diagnostic, therapeutic, and vaccine design [621]. Detailed 

immune responses to DENV including innate immunity, cellular and humoral 

immunity have been described in Section 2.2.4 of this thesis.  

 

2.5.5 Lineages of ZIKV 

The first phylogenetic study of ZIKV using NS5-encoding gene suggested three 

different ZIKV lineages: East African (Uganda strain), West African (Senegal 

strains), and Asian (Yap strain) [622]. The Asian lineage diverged from a 

common ancestor that moved to Southeast Asia and the Pacific [126, 622]. A 

current study using the full genome sequences revealed that there are two major 

ZIKV lineages: African (East African and West African lineages) and Asian. The 

data suggests that ZIKV was introduced into Yap island from Southeast Asia and 

that ZIKV has circulated in Southeast Asia since at least the 1960s [126, 623]. 

Epidemiologic and sequence data support that the current epidemic strains of 

ZIKV emerged via genetic change in the Asian lineage virus [126]. 
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2.5.6 Zika Disease  

Infection by ZIKV is usually associated with mild symptoms [583]. However, the 

infection may cause severe complications including neurological sequelae, 

Guillain-Barré syndrome, and congenital microcephaly [46, 624]. 

  

2.5.6.1 Clinical features of Zika 

Most of the ZIKV infection cases are asymptomatic. During a Zika outbreak in 

Yap island, the symptomatic attack rate was only 18% of those infected [52]. 

Acute ZIKV infection is usually mild with common symptoms including rash, 

fever, arthralgia, myalgia, fatigue, headache, and conjunctivitis [52, 583, 625, 626]. 

However, the infection can cause severe clinical complications and sequelae [625, 

626].  

 

2.5.6.2 Complications of Zika 

ZIKV infection during pregnancy is deleterious to the fetus and is associated 

with fetal death, fetal growth restriction, and a spectrum of central nervous 

system abnormalities [627]. Zika has been confirmed to be associated with 

microcephaly in neonates [625, 626] and other central nervous system birth 

defects [625, 628]. It has been linked to more than 4.000 microcephaly cases in 

Brazil as well some cases in Colombia and Venezuela [629]. During a Zika 

outbreak in Brazil the incidence of microcephaly of 20 per 10,000 live births was 

reported [50]. A recent study also found that ZIKV infection can cause severe 

joint damage and genitourinary, cardiac, and digestive complications among 

affected infants [627]. The number of countries and territories reporting the cases 

of microcephaly and/or central nervous system malformation, and Guillain-Barré 

syndrome potentially associated with ZIKV has reached 31 and 23 respectively 

[617]. Although very rare, ZIKV-related deaths have been reported [126, 630]. In 

adults, ZIKV infection has been associated with severe neurological and non-

neurological complications and sequelae including meningitis, 
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meningoencephalitis, Guillain-Barré syndrome, loss of hearing, hypotension, and 

genito-urinary symptoms [126, 631, 632].  

 

2.5.7 Zika Diagnosis  

It is proposed that a patient should be suspected as Zika case when a patient with 

a rash or an elevated body temperature (37.2°C) and one or more of the following 

symptoms that not explained by other medical conditions: (a) arthralgia or 

myalgia; (b) nonpurulent conjunctivitis or conjunctival hyperemia; and (c) 

headache or malaise [126]. A confirmed case is defined as a suspected case with a 

positive laboratory result for the specific detection of ZIKV [126]. 

 

ZIKV can be detected only briefly in plasma or serum during acute illness but 

persistently reseeded in the urine where ZIKV RNA was detectable up to 39 days 

after exposure [633]. Over the past 2 years, the number of diagnostic assays for 

Zika has increased from none in 2015 to 5 serological assays and 14 molecular 

assays in 2017 with emergency use authorization only (EUA) status [634]. The 

serological assays employ MAC-ELISA (colorimetric), microparticle IgM capture 

immunoassay (chemiluminescence), or immunochromatographic approach and 

most of them target NS1 antigen [634]. Most of the molecular assays are RT-PCR-

based approach with various target genes such as 3′UTR, NS3, prM, NS4A, NS1, 

E and M [634].  

 

Serology assays based on IgM also have been developed. IgM can be detected as 

early as 4–5 days and up to 12 weeks or more after symptom onset [634, 635]. 

Nevertheless, there is a diagnostic dilemma for patients living in regions in 

which both ZIKV and DENV are endemic. A recent comparison study of four 

IgM antibody-based ELISA assays indicated variations in assay sensitivity 

depending on prior exposure to DENV [636]. Therefore, a diagnostic assay that is 

able to discriminate between ZIKV and DENV infections is still needed [634].   
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2.5.8 Zika Treatment  

No specific treatment is available for ZIKV infection and management is 

supportive and includes rest, fluids, antipyretics, and analgesics. Aspirin and 

other nonsteroidal anti-inflammatory drugs should be avoided until dengue is 

excluded because of the risk for hemorrhage [637]. Amniocentesis should be 

offered to pregnant women with a history of recent travelling to or living in a 

country with ongoing ZIKV circulation and presenting positive or inconclusive 

ZIKV testing or ultrasound findings compatible with a ZIKV infection [638, 639]. 

Serial fetal ultrasounds should be considered to monitor fetal anatomy and 

growth every 3-4 weeks in pregnant women with positive or inconclusive ZIKV 

test results, and the infant should be tested at birth [637, 638]. 

 

2.5.9 Zika Control and Prevention  

The preventive measures for Zika focus on prevention of mosquito bites, 

including individual [637] and community-level strategies [637]. Preventive 

measures for prevention of mosquito bites are the same model as for dengue and 

detailed have been provided on Section 2.2.10. In addition, pregnant women 

residing in countries that are not ZIKV-endemic are advised against travel to 

affected countries [637]. Men who reside in or have traveled to an area of active 

ZIKV transmission who have a pregnant partner should abstain from sexual 

activity or consistently and correctly use condoms during sex [640]. Similar 

guidelines also apply for men with a non-pregnant female sex partner [637, 640].  

 

Development of a vaccine remains a priority public health prevention strategy 

for ZIKV considering the multiple routes of non-vector transmission [62]. The 

WHO has listed the prophylactic vaccination strategy as a priority to prevent 

severe ZIKV complications such as microcephaly and brain abnormalities [64]. 

Although a Zika vaccine is currently not available, multiple Zika vaccine 

candidates are being developed [65-67].  
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3.1 PREAMBLE  

This chapter describes the materials and methods used to produce the data that 

are presented in the Result chapters (Chapter 4 to Chapter 8). This thesis consists 

of different studies in terms of settings, time and location. Some of the molecular 

methods that are common in certain chapters, are described as general methods 

and then specified in detail in each particular chapter if required. Those methods 

or approaches that were unique for a particular chapter are described separately. 

The methods and approaches used in Chapter 4, in which current circulating 

arboviruses in Indonesia are described, are similar to those in Chapter 6 where 

transmission dynamics of Indonesian arbovirus into Australia are described. 

Methods for Chapter 5, assessing the history of major arbovirus infections in 

Indonesia, are described separately. Chapter 7 and Chapter 8, assessing 

community support for the control and prevention of arboviruses, have distinct 

methods and are therefore described individually.  

 

3.2 VERO CELLS AND CELL CULTURE  

3.2.1  Establishing Vero cell cultures  

The African green monkey kidney (Vero) cell line (ATCC CCL-81) was used 

through the project for virus isolation (Section 3.3.1), virus propagation for WGS 

(Section 3.5.1), PRNT (Section 3.8.2) and antigen production for HI assay 

(Section 3.8.4). A fresh cryopreserved Vero cell line aliquot was recovered from 

liquid nitrogen stock. Briefly, Vero cell stock was thawed in a pre-warmed water 

bath and then transferred into a 15 millilitre (ml) centrifuge tube with pre-

warmed 5% Dulbecco's Modified Eagle's medium (DMEM) (Sigma-Aldrich, St. 

Louis, MO, USA). The tube was then centrifuged at 400 x Relative Centrifugal 

Force (g) for 10 minute (min) at a room temperature and the cells were 

resuspended with 1ml of 5% DMEM. This step was repeated twice and a cell and 

viability count was conducted. The cells were then resuspended and cultured in 

a T75 flask (Greiner Bio-One GmbH, Frickenhausen, Germany) for recovery.   
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3.2.2 Maintaining Vero cells 

The Vero cell stocks were maintained using 5% DMEM. The media was 

supplemented with Fetal Bovin Serum (FBS) (Bovogen Biologicals, Victoria, VIC, 

Australia), 2 millimolar (mM) of L-glutamine (Thermo Fisher Scientific, Grand 

Island, NY, USA), and 100 unit (U)/ml of penicillin and 100 microgram (µg)/ml of 

streptomycin (both from Thermo Fisher Scientific, Grand Island, NY, USA). The 

Vero cells were subcultured in the regular schedule before use.  

 

3.2.3 Harvesting Vero cells 

Vero cells were harvested from a 75T flask before use. Briefly, the Vero cell 

culture media (5% DMEM) was removed and discarded and the Vero cell 

monolayer was washed with 1x phosphate buffered saline (PBS) pH7.4 (Thermo 

Fisher Scientific, Grand Island, NY, USA). Then 3ml of dissociation agent, 1x 

trypsin-EDTA (Thermo Fisher Scientific, Grand Island, NY, USA), was added 

and the flask was incubated at 37 degrees Celsius (°C) for 10min. After all Vero 

cells dissociated from the flask, 6ml of 5% DMEM was added into the flask to 

inactivate the trypsin. The suspension then was centrifuged and the cells were 

resuspended at the required concentration for further use. 

 

3.3 VIRUS ISOLATION AND PROPAGATION 

3.3.1 Isolation of Virus from Serum  

To isolate the target arboviruses (DENV, CHIKV and ZIKV) serum samples were 

cultured onto Vero cell monolayers. Approximately 24 hours (h) prior to serum 

inoculation, Vero cell monolayers were prepared in flat bottom culture flasks 

(Thermo Fisher, Roskilde, Denmark). Briefly, Vero cells were harvested from 

culture stock in a T75 flask using a trypsinization procedure (Section 3.2.3) and 

5x105 Vero cells/ml (in 5% DMEM) was added into each flat bottom culture flask 

(total volume was 1ml). The tubes were then incubated at 37°C, 5% carbon 

dioxide (CO2) for 24h. After the incubation, the growth media (5% DMEM) from 

tubes was discarded and replaced with 1ml of 2% DMEM. Then, 50 microliter 
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(µl) of serum sample was added onto Vero cells monolayer and incubated at 

37°C and 5% CO2. After 24h incubation, the inoculum was discarded and the cell 

monolayer was washed once with 4ml of 1x PBS. Then 1ml of 2% DMEM was 

added into each tube and incubated at 37°C, 5% CO2 for 7 days. This process is 

referred to as Passage 1.  

 

On day 7 of Passage 1, 50µl of inoculum from each culture tube was inoculated 

into a new flat bottom culture flask with Vero cell monolayer, prepared as 

described during Passage 1, and incubated for 24h at 37°C and 5% CO2. After 

which, the media was discarded and 1ml of fresh 2% DMEM was added into 

each culture tube and incubated at 37°C, 5% CO2 for a further 7 days (Passage 2). 

At the end of Passage 1 and Passage 2, an HA assay was conducted to test for 

isolation of viruses. For DENV isolation, at the end of Passage 2, an additional 

non-structural 1 (NS1) enzyme immunoassay (EIA) was conducted. These assays 

were conducted to confirm successful virus isolation.  

 

3.3.2 Confirming the Presence of Virus 

3.3.2.1 Haemagglutination assay  

The principle of HA assay is based on the ability of  viral antigens to bind and 

agglutinate RBCs [641]. In the absence of virus particles, RBCs are precipitated by 

gravity to the bottom of the well and can be observed as a distinct red-coloured 

dot (cell pellet). In the presence of virus particles, proteins of virus particles 

interact with RBCs and form a lattice structure and the cell pellet is not formed 

[642].  

 

The assay was conducted for all inocula from Passage 1 and 2 for all types of 

viral isolation (DENV, CHIKV and ZIKV). Each sample was tested in different 

pH (6.0, 6.2 and 6.4) as the sensitivity of HA assay for different viruses is 

influenced by pH. In brief, 50µl of Bovine Albumin-Borate Saline (BABS) buffer 

(PathWest Laboratory, Nedlands, WA, Australia) was added to each well of a 96-
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wells plate. Then 50µl of samples and positive controls (RRV, Murray Valley 

encephalitis virus, and Kunjin virus for pH 6.0, 6.2 and 6.4, respectively) were 

added to the first well and diluted from 1:2 to 1:128. In the final step, 50µl of 10% 

goose RBCs (PathWest Laboratory, Nedlands, WA, Australia) in three different 

pH was added to the appropriate well and incubated for 1h at room temperature. 

The presence of virus was indicated by the absence of a cell pellet, whereas the 

absence of virus was indicated by the presence of cell pellet at the bottom of the 

well.  

 

3.3.2.2 Dengue non-structural 1 enzyme immunoassay 

For DENV isolation, an NS1 EIA was conducted in the end of Passage 2. The 

principle of this assay is to detect the presence of the secreted NS1 antigen of 

DENV in the culture inoculum. The NS1 EIA was conducted using Platelia® 

Dengue NS1 Antigen EIA kit (Bio-Rad, Marnes-la-Coquette, France). A 

multinational evaluation study revealed that this assay has 99% specificity [443]. 

Briefly, 50µl of phosphate buffer with 2.2% Tween® was added to each well and 

50µL of sample, negative and positive control, and calibrator solution were 

added to appropriate wells. Then, 100µl of conjugate (anti-NS1 monoclonal 

antibodies coupled with Horseradish peroxidase) was added to all wells. After 

1.5h incubation at 37°C, the plate was washed 6 times with NS1 Wash Buffer 

using Elx50® Automated Strip Washer (BioTek Instruments, Winooski VT, USA). 

Then, 160µl of chromogen solution (3,3’,5,5’ tetramethylbenzidine) was added 

and incubated at room temperature for 30 min in a dark. Finally, 100µl of 1N 

sulfuric acid were added into each well to stop the reaction. The plate was read 

using iMark® Microplate Absorbance Reader with dual wavelength 450nm and 

630nm (Bio-Rad, Hercules, CA, USA). The absorbance values were converted into 

qualitative results (positive, low positive, equivocal and negative) using a 

validated converter sheet (PathWest Laboratory, Nedlands, WA, Australia).  
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3.3.2.3 DENV serotyping  

DENV in serum was detected by serotyping PCR. Total RNA was extracted and 

converted to complementary DNA (cDNA). Gene targets were amplified using a 

one-tube RT-PCR system with primers for all four DENV serotypes followed by a 

separate second Taqman PCR for each serotype. Dengue serotyping was 

conducted using an in-house designed RT-PCR (PathWest Laboratory, Nedlands, 

WA, Australia). The target genes are located in the NS5 gene region of DENV 

genome. Briefly, 8µl of cDNA was added to 12µl of PCR master mix containing 

1x RT buffer, 10U RNAsin, 0.9mM DTT, 0.4µl of RT enzyme, 1U DNA 

polymerase and 0.3µM of all four serotype primers (Table 3.1). PCR tubes were 

then cycled for 20 cycles using an annealing temperature of 50°C.  

 

Table 3.1.Primer pairs and probe used in DENV serotyping 
 

Primer 

and probe 

Sequences (5’ - 3’) Position Product size  

(bp) 

D1-F AGTTGATTGGGTCCCAACCA 202 78 

D1-R AGCATGTCTTCTGTTGTCATCCA 279  

D1-Probe 6FAM-ACCTGGTCGATCCAT-MGBNFQ   

D2-F AATCGCAGCAACAATGG 206 66 

D2-R AACCTCTAGTCCTTTCAGTGAGA 271  

D2-Probe 6FAM-CTTCATCTCACCTTG-MGBNFQ   

D3-F CGGTAATGGACATCATAT 9324 62 

D3-R GTTGGTGAATGTRTTCAGA 9385  

D3-Probe 6FAM-CATAAGTTCCYACCTGTCC-MGBNFQ   

D4-F GCAGTTCCAACGGAATGGTT 129 62 

D4-R TGATGATGAGCGTGGATTGAC 190  

D4-Probe 6FAM-CCAACAAGCAGAACAA-MGBNFQ   

bp: base pair; F: forward primer; R: reverse primer 

 

After the first round PCR, a separate second round PCR for each serotype was 

conducted. Briefly, 0.5µl of the first PCR product was transferred into second 

round Taqman PCR master mix. The final volume of the second round PCR was 

20.5µl (final concentration was 1x PCR buffer, 4mM MgCl2, 0.2mM dNTP mix, 

0.75U DNA polymerase, 0.01% bovine serum albumin (BSA), 0.2µM of a 

serotype-specific primer pair and appropriate probe (Table 3.1)). The second 

round PCR tubes were cycled for 35 cycles using a Tandem programme with an 
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annealing temperature of 55°C for 90s in a real-time Rotor-Gene® Q thermal 

cycler (Qiagen, California, USA). The fluorescent 6-carboxyfluorescein (FAM) 

channel was read on all four mixes, with a cycle threshold (Ct) of 0.1.  

 

3.3.2.4 RT-PCR for ZIKV 

All CPE-positive supernatants were tested for the presence of ZIKV. To amplify 

the ZIKV gene, one-step RT-PCR was employed using a qScript XLT 1-Step RT-

qPCR kit (Quanta Biosciences, Gaithersburg, MD, USA). Briefly, 8µl of sample 

was mixed with 12 PCR master mix with final concentration as follow: 1x qScript 

XLT 1-step RT-qPCR mix and 0.5µM forward primer, 0.7µM reverse primer and 

0.1 µM probe (Table 3.2). All reactions were incubated in a real-time Rotor-Gene® 

Q thermal cycler with cycling conditions: 50°C for 10min, 95°C for 1 min 

followed by 50 cycles of 95°C for 15s and 55°C for 60s. 

 

3.3.2.5 RT-PCR for CHIKV and other alphaviruses  

All CPE-positive supernatants were also tested for the presence of three members 

of Alphavirus (CHIKV, RRV and Barmah Forest virus (BFV). The RT-PCR 

approach to detect these viruses is similar to DENV serotyping (Section 3.3.2.3), 

using in-house designed RT-PCR (PathWest Laboratory, Nedlands, WA, 

Australia). In the first run, the gene targets from those viruses were amplified 

using a one-tube RT-PCR system with primers for all three viruses followed by a 

second run PCR for each virus. In the first run of Alphavirus tandem, 8µl of 

sample was mixed with 12µl of PCR master mix (final concentration: 1x RT 

Buffer, 10U RNAsin, 0.9mM DTT, 0.5µl RT enzyme, 0.5 DNA polymerase and 

0.1µM of all four serotype primers (Table 3.2). The PCR tubes were cycled for 20 

cycles using a standard Superscript program with an annealing temperature of 

50°C. In the second run, 0.5ml product from 1st round PCR was mixed with the 

second run PCR master mix (final concentration for each reaction: 1x PCR buffer, 

4mM MgCl2, 0.2mM dNTP pool, 0.75U DNA polymerase, 0.01% BSA, 0.2µM 

reverse and forward primers, and 0.2 µM probe). The second round PCR tubes 
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were cycled for 35 cycles using a Tandem programme with an annealing 

temperature of 55°C for 90s.   
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Table 3.2. Primer pairs and probe used in RT-PCR for ZIKV, CHIKV, RRV and BFV 
 

Virus Primer and probe Sequences (5’ - 3’) Product size (bp) 
ZIKV ZIKV-1086-F CCGYTGCCCAACACAAG 77 
 ZIKV-1162C-R CCACTAAYGTTCTTTTGCAGACAT  
 ZIKV-1107-FAM (6FAM)AGCCTACCTTGACAAGCARTCAGACACTCAA(BHQ1)  
CHIKV CHIK-46-F CTGGCAGCCCTGATTGTTCT 76 
 CHIK-121-R CGGCTAAAAAAGCCAACGTT  
 CHIK-67_MODA HEX (HEX)TGYAA+C+TGTCT+GAG+AC+TCT+TAC(BHQ1)  
RRV RRV-9-F CGATGACGTGGGTACAGAGGAT 79 
 RRV-87-R GTTACCAAGACCAGCACAACCA  
 RRV-33 FAM TAGAGGGCCAGCCCACCTAACCCACTG  
BFV BFV-27-F CCTCAGGGCCACTCACCATA 85 
 BFV-111-R TTCTGCTAGTGTCTTGCACATACTACA  
 BFV-49 FAM ACAACAACGACTATAATAGCTACCACA  
BFV: Barmah Forest virus; BHQ1: Black hole quencher 1, a dark quencher (a non-fluorescent chromophore); bp: base pair;  
CHIKV: chikungunya virus; F: forward primer;  HEX: hexachlorofluorescein, a fluorescent dye; R: reverse primer; RRV: 
Ross River virus. 
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3.3.3 Virus Propagation 

For WGS (Section 3.5), PRNT assay (Section 3.8.3), and HI assay (Section 3.8.4), 

a certain amount of viruses or antigens is required. To achieve this, viruses were 

propagated in a T75 flask. A T75 flask with a 95% confluent Vero cells monolayer 

was prepared. To do this, after Vero cells were harvested (Section 3.2.3), 1x106 

Vero cells in 5% DMEM were reseeded into a T75 flask and the flask was 

incubated overnight. The next day, the growth media was removed and 

discharged, and 50-100µl of the virus of interest was inoculated onto the 

monolayer with 2ml of 5% DMEM. The flask was then incubated at 37°C and 5% 

CO2 for 1h and shacked every 20 min. After 1h incubation, the supernatant was 

removed and discharged and the Vero cell monolayer was washed once with 1x 

PBS. Then 15ml of 2% DMEM were added to the cells and incubated at 37°C, 5% 

CO2 for an appropriate period, depending on the type of virus.  

 

After incubation, the supernatant was collected and centrifuged at 400 x g, 10 

min, at 4oC to separate the viral suspension from the Vero cell debris. Finally, the 

virus supernatant was used directly or aliquoted into 1.8 cryotubes for storage at 

-80oC until use.  

 

3.4 VIRUS SEQUENCING   

3.4.1 RNA Extraction   

Viral RNA was extracted from culture supernatant harvested during viral 

isolation procedure (Section 3.3.1), or from serum samples, using spin protocol of 

QIAamp® Viral RNA Mini kit (Qiagen, Hilden, Germany). Briefly, 560µl Viral 

Lysis (AVL) buffer containing carrier RNA were mixed with 140µl culture 

supernatant or serum sample for 15s by pulse-vortex and incubated at room 

temperature for 10 min to lyse the viral particles. Carrier RNA enhances binding 

of viral RNA to the membrane and reduces likelihood of RNA degradation. After 

10 min incubation, 560µl of 100% ethanol was added and homogenized by pulse-

vortex for 15s and all this solution was applied to the column following the 
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manufacturer’s protocol. In the elution step, 60µl of Elution (AVE) buffer was 

added into column and centrifuged at 8,000 rpm for 1 min and the RNA was then 

stored at -80oC before use.  

 

3.4.2 Complementary DNA Synthesis and Quantification  

Viral cDNA was synthesized using the SuperScript® III First-Strand Synthesis 

System for RT-PCR (Invitrogen - Life Technologies, Carlsbad, CA, USA). Briefly, 

for one reaction, 1µl of random hexamers primers (50ng/µl) was mixed with 1µl 

of 10mM dNTP mix and 8µl of extracted RNA. This mixture was incubated in a 

thermocycler at 65oC for 5 min, placed on ice for 5 min and mixed with 10µl of 

cDNA synthesis mix (2µl of 10x RT Buffer, 4µl of 25mM MgCl2, 2µl of 0.1M DTT, 

1µl RNaseOU®, and 1µl of reverse transcriptase (200U/µl)). This mixture was 

incubated in a thermocycler (25oC for 10 min, 50oC for 50 min and 85oC for 5 

min). To degrade the remaining RNA, 1µl of RNase H was added and incubated 

for 20 min at 37oC. The cDNA product was used directly or stored at -20oC.   

 

The concentration of cDNA was determined using the NanoDrop® 2000 

spectrophotometer (Thermo Fisher Scientific, Wilmington, DE, USA). Briefly, 1µl 

of cDNA was aliquoted and the quantity and purity of cDNA were measured 

according to manufacturer’s instructions. cDNA was then diluted using diethyl 

pyrocarbonat dH2O to 200ng/µl and subjected to gene amplification.  

 

3.4.3 Gene Amplification  

To amplify viral genes of interest, gene-specific primers were used. For DENV, 

two pairs of specific primers for each serotype were used concurrently to amplify 

the E gene. Each primer pair amplified one end of E gene segment and the 

amplified segment overlapped each other. Therefore, two primer pairs amplified 

a complete E gene segment. Primer sequences have been published elsewhere 

[189]. Annealing temperatures and products of each primer pair are presented in 

Table 3.3. For CHIKV, a pair of primers was used to amplify E1 gene [111, 643]; 
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primer sequences were CHIKVE1/9870F (5’-ACAAGCCCTTATTCCGCTG-3’) 

and CHIKVE1/11359R (5’-GTGTGTCTCTTAGGGGACACATA-3’).  

 

Briefly, 2.5µl of cDNA (200ng/µl) were mixed with 22.5µl of PCR master mix 

(2.5µl of GeneAmp® 10x PCR buffer II, 5µl of 0.5% of BSA, 2µl of 25mM MgCl2, 

0.2µl of 25mM dNTP mix, 0.187µl of Tag DNA polymerase (5U/µL) (AmpliTaq 

Gold® 360 DNA Polymerase, Applied Biosystems, Foster City, CA, USA), 0.25µl 

of 20mM forward primer, and 0.25µl of 20mM reverse primer. For DENV, the 

amplification was carried out in a thermocycler with conditions as follows: 

denaturation at 95oC for 10 min, followed by 45 cycles at 95oC for 15s, annealing 

for 30s, extension at 72oC for 1.5 min, and final extension at 72oC for 5 min. The 

annealing temperature for each primer pair for DENV are presented in Table 3.3. 

For CHIKV E1 amplification, denaturation was set at 95oC for 2 min, followed by 

40 cycles at 95oC for 30s, annealing at 55oC for 1 min, extension at 72oC for 3 min, 

and final extension at 72oC for 10 min. PCR products were then subjected to 

electrophoresis. ZIKV was not successfully isolated during the project. 
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Table 3.3. Primers used for amplification of DENV E gene 
 

Serotype  Primers  Sequences (5’-3’) Annealing temperature (oC) Product (bp) 
DENV1 760F AACGTGGATGTCCTCTGAAGG 55 840 
 1600R CGAGGTCCAAGGCAGTG   
 1418F GCAACCATAACACCTCAA 55 1182 
 2600R TGGCTGATCGAATTCCACAC   
DENV2 789F GAAACATGCCCAGAGAATTGAAACT 55 1031 
 1820R CCCTTCATATTGTACTCTGATAACTATTGTTCC   
 1547F AAGCTTGGCTGGTGCACAGGCAATGGTT 60 990 
 2537R GGGGATTCTGGTTGGAACTTGTATTGTTCTGTCC   
DENV3 291F TGGCTAGATGGGGTACCTT 55 1528 
 1819R CATCCCTTTGAGTTTCAATTTGTCCAT   
 1685F CTAGGATCTCAAGAAGGAGCAATGCA 60 865 
 2550R ATGGCTGTTGCCACTCTTTTGGGGGA   
DENV4 742F TGGGATTGGAAACAAGAGCTGAGACATGGATGTC 65 1096 
 1838R CGTGTATGACATTCCCTTGATTCTCAATTTCTCCA   
 1569F CAATGGTTTTTGGACCTACCTCTACCATGG 65 970 
 2539R GGGGACTCTGGTTGAAATTTGTACTGTTCTGTCCA   
bp: base pair; DENV: Dengue virus; F: forward primer; R: reverse primer 
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3.4.4 Gel Electrophoresis  

Amplified gene fragments were electrophoresed through ethidium bromide-

stained 2.5% agarose gels. Briefly, 2.5% of agarose gels were made by adding 2.5g 

of agarose powder (Bio-Rad, Hercules, CA, USA) with 100ml of 1x Tris/Acetic 

Acid/EDTA (TAE) buffer (Ultra Pure® Tris (Invitrogen - Life Technologies, 

Carlsbad, CA, USA) and EDTA (Bio-Rad, Hercules, CA, USA)) and melt. After 

adding 5µl of 10mg/ml ethidium bromide (Bio-Rad, Hercules, CA, USA), the gel 

was poured into gel tray and allowed to cool. Finally, 4µl of PCR product and 1µl 

of loading buffer (Bio-Rad, Hercules, CA, USA) was loaded into each well and 

the electrophoresis was run for 40 min in 120mV.   

 

3.4.5 DNA Sequencing  

Sequencing reactions were based on Sanger sequencing using dye-labelled 

dNTPs which have a terminating chemical attached [644]. These truncate the 

reaction at the dye-labelled dNTP and as the reaction proceeds a series of 

products, which differ by one base in size, are formed. Prior to sequencing, the 

excess oligonucleotide primers and dNTPs from PCR product (Section 3.4.3) 

were removed using Illustra® ExoStar® per manufacturer protocol (GE Healthcare 

Life Sciences, Buckinghamshire, UK). Illustra® ExoStar® contains exonuclease 1 to 

degrade residual primers and shrimp alkaline phosphatase to hydrolyse 

remaining dNTPs. Briefly, for one sequencing reaction, 1µl of Illustra® ExoStar® 

was mixed with 2.5µl of PCR product and incubated in a thermocycler for 30 min 

at 37oC followed by 80oC for 15 min to inactivate the enzymes. 

  

Following clean-up of PCR product, the BigDye® Terminator v3.1 Cycle 

Sequencing kit and BigDye® Terminator 5x Sequencing Buffer (both from 

Applied Biosystem, Foster City, CA, USA) were used for DNA sequencing 

reaction. In brief, 2.5µl DNA templates were mixed with 7.5µl sequencing master 

mix, and 3.2µl of 1mM of appropriate primer. Sequencing primers for DENV and 

CHIKV are presented in Table 3.4. Sequencing master mixes were made by 
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mixing 200µl of BigDye® Terminator v3.1 Cycle Sequencing Buffer, 150µl of 

BigDye® Terminator 5x Sequencing Buffer and 180µl of diethyl 

pyrocarbonatedH2O. The mixture of master mix, template and the primers then 

incubated at 95°C for 10s and followed by 60°C for 30s ad repeated for 45 cycles. 

Following this step, the samples were cleaned once more using DyeEx® 2.0 Spin 

kit (Qiagen GmbH, Hilden, Germany) which utilises gel-filtration resin to 

remove unincorporated dye terminators from the sequencing reaction product. 

Briefly, after the spin column was centrifuged for 3 min at 2700 rpm, it was 

transferred into centrifuge tube containing 20µl formamide (Applied Biosystem, 

Foster City, CA, USA). Then, 10µl of sequencing reaction was placed to the gel 

bed and centrifuged for 3 min at 2700 rpm. Then the cleaned sequencing product 

mixture (30µL) was incubated at 95°C for 4 min.   

 

In the next step, 20µl of the final sequencing product were loaded into the well of 

an optical 96-well plate (MicroAmp® Optical 96-well Reaction Plate, Applied 

Biosystems, Victoria, VIC, Australia). A capillary electrophoresis was performed 

on a 16-capilary genetic analyzer (3130xl Genetic Analyzer), using POP-6® 

separation matrix (both from Applied Biosystems, Foster City, CA, USA).  
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Table 3.4. Primers used to sequence DENV E gene and CHIKV E1 gene  
 

Virus Primers  Sequences (5’-3’) 
DENV   

DENV1 760F AACGTGGATGTCCTCTGAAGG 
 1424R GACGTAGGAGCTTGAGGTGTTAT 
 1600R CGAGGTCCAAGGCAGTG 
 1418F GCAACCATAACACCTCAA 
 1948F GACCCAAGATGAGAAAGGAGT 

 2600R TGGCTGATCGAATTCCACAC 
DENV2 789F GAAACATGCCCAGAGAATTGAAACT 
 1277R AAGAAGCTCTTTCTTGTTCCAGGTT 
 1820R CCCTTCATATTGTACTCTGATAACTATTGTTCC 
 1547F AAGCTTGGCTGGTGCACAGGCAATGGTT 
 2537R GGGGATTCTGGTTGGAACTTGTATTGTTCTGTCC 
DENV3 291F TGGCTAGATGGGGTACCTTC 
 1819R CATCCCTTTGAGTTTCAATTTGTCCAT 
 1685F CTAGGATCTCAAGAAGGAGCAATGCA 
 2550R ATGGCTGTTGCCACTCTTTTGGGGGA 
DENV4 742F TGGGATTGGAAACAAGAGCTGAGACATGGATGTC 

 1838R CGTGTATGACATTCCCTTGATTCTCAATTTCTCCA 
 1569F CAATGGTTTTTGGACCTACCTCTACCATGG 
 2539R GGGGACTCTGGTTGAAATTTGTACTGTTCTGTCCA 
CHIKV 9870F ACAAGCCCTTATTCCGCTG 

 11359R GTGTGTCTCTTAGGGGACACATA 
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3.5 WHOLE GENOME SEQUENCING  

3.5.1 Virus Preparation  

Positive cultures from the viral isolation procedure (Section 3.3.1) were 

expanded using a viral propagation procedure in a T75 flask as described in 

Section 3.3.3. A total of 15ml of supernatants from viral propagation was 

harvested and clarified by centrifugation at 1400 rpm for 10 min at 4oC to remove 

cellular debris. The clarified supernatant was then transferred to a Millipore 

centrifugal filter unit (100,000kDa) and centrifuged at 40,000 x g for 20 min at 4oC 

(Merck Millipore Ltd, County Cork, Ireland). This process produced 150–200µl 

concentrated virus supernatant.  

 

3.5.2 Total RNA Extraction  

Total RNA was extracted from 150–200µl concentrated virus using the Roche 

High Pure RNA Isolation kit as per manufacturer’s instructions (Roche 

Diagnostic GmbH, Mannheim, Germany). Briefly, 400µl Lysis/Binding Buffer 

was mixed with concentrated virus by vortex for 15s. This mixture then 

transferred to a filter tube and centrifuged for 15s at 8,000 x g. Then 100µl of 

DNase I Mix (90µl DNase I Incubation Buffer and 10µl DNase I) was added into 

filter tube and incubated for 15 min at room temperature. During washing step, 

500 and 200µl Wash Buffer II was added to the upper reservoir of the filter tube 

and centrifuged for 15s at 8,000 × g and 2 min at 13,000 × g, respectively.  Finally, 

50µl Elution Buffer was added and tubes were centrifuged for 1 min at 8,000 × g 

to elute the purified RNA. All RNA was stored at -80°C until use.  

 

3.5.3 Quantification of Total RNA 

The concentration of RNA was initially determined using the NanoDrop® 2000 

spectrophotometer (Thermo Fisher Scientific, Wilmington, DE, USA). To obtain a 

more precise concentration of RNA, the quantification of RNA was conducted 

using Qubit® RNA Assay Kit 2.0 according to the manufacturer’s instructions 

(Invitrogen - Life Technologies, Carlsbad, CA, USA).   
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3.5.4 DNA Library Preparation  

DNA libraries were prepared with Illumina TruSeq Stranded mRNA kit and all 

reagents used during library preparation supplied by Illumina (Illumina Inc., San 

Diego, CA, USA) unless specified. Library preparation used 200ng of total 

starting RNA and the exclusion of the polyA selection step.  

 

3.5.4.1 mRNA purification and fragmentation  

In the first step, polyA containing mRNA molecules was purified using oligo-dT 

attached magnetic beads and the RNA was fragmented and primed for cDNA 

synthesis. To do this, first the RNA was standardised to 20ng/µl with 5µl in 

volume. Then, after the RNA Bead Plate (RBP) was labelled properly, 13µl of 

thawed Fragment, Prime, Finish Mix (FPF) buffer and 5µl of RNA was added to 

the appropriate well and gently mixed by pipetting. After the plate was sealed, it 

was centrifuged briefly and incubated in a thermocycler with 94°C for 8 min.  

  

3.5.4.2 First strand cDNA synthesis 

Cleaved RNA fragments primed with random hexamers were reverse 

transcribed to generate first strand cDNA. This process also prevents spurious 

DNA dependent synthesis and improving strand specificity. In brief, after cDNA 

Plate (CDP) was labelled properly, 8µl of the First Strand Synthesis Act D Mix 

(FSSAD) buffer (at ratio 9µl FSAAD and 1µl SuperScript® III (Invitrogen - Life 

Technologies, Carlsbad, CA, USA)) was added to each well of the CDP plate. 

Then 17µl of supernatant from the RBP plate (from mRNA purification and 

fragmentation step) was transferred to the corresponding wells of the CDP plate. 

The CDP plate was incubated in a thermocycler with 25°C for 10 min, 42°C for 15 

min and 70°C for 15 min.   

 

3.5.4.3 Second strand cDNA synthesis 

During this process, RNA template was removed, a replacement strand was 

synthesized, and dUTP was incorporated and dTTP was in placed to generate 
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blunt-ended double-stranded (ds) cDNA. Briefly, 90µl of magnetic beads was 

added to each well of the CDP plate and the plate was incubated for 15 min at 

room temperature. Then, the CDP plate was placed on the magnetic stand for 5 

min to ensure all beads are bound to the side of the wells. In the next step, 135µl 

supernatant from each well of the CDP plate was removed and discarded and 

each well was washed twice using 200µl of 80% ethanol. After the plate was air-

dried, 17.5µl Resuspension (RSB) buffer was added and incubated for 2 min. 

Following this, the plate was placed on the magnetic stand for 5 min and then 

15µl supernatant from the CDP plate was transferred to the new Adapter 

Ligation Plate (ALP) and stored at -20oC until ready for the adenylation and 

ligation step. 

 

3.5.4.4 Adenylate 3' ends 

In this step, one adenine (A) nucleotide was added to the 3' ends of the blunt ds 

cDNA fragments to prevent them from ligating to each other during the adapter 

ligation reaction. Briefly, after the ALP plate, containing ds cDNA, was thawed 

and centrifuged briefly, 2.5µl of diluted A-Tailing Control (CTA) buffer 

(prepared by diluting CTA to 1:100 in RSB buffer) was added to each well of the 

ALP plate. Then 12.5µl A-Tailing Mix (ATL) buffer to each well and mixed gently 

by pipetting. After the plate was sealed, it was incubated in a thermocycler at 

37°C for 30 min and at 70°C for 5 min. 

 

3.5.4.5 Adapter ligation 

To prepare the ds cDNA fragments for hybridization onto a flow cell, multiple 

indexing adapters were ligated to the ends of the ds cDNA. In brief, 2.5µl of 

diluted Ligation Control (CTL) buffer and 2.5µl of Ligation Mix (LIG) buffer 

were added to each well of the ALP plate. Then 2.5µl of pre-prepared adaptor 

from the Index Adapter Plate (RAP) was transferred to each corresponding well 

of the ALP plate and incubated in a thermocycler with 30°C for 10 min. 

Following this, 5µl of Stop Ligation (STL) buffer and 42µl of homogenized 
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magnetic bead were added to the well and incubated for 15 min. In the next step, 

79.5µl of supernatant from each well was removed and discarded, and the plate 

was washed twice with 80% ethanol. After being dried, 52.5µl of RSB was added 

to each well, incubated for 2 min, and the plate was placed on the magnetic stand 

for 5 min before 50µl of supernatant from each well was transferred to the new 

Clean Up ALP (CAP) plate. Next, 50µl of beads was added to the CAP plate for a 

second clean-up. In the final step, 20µl of supernatant rom each well of CAP 

plate was transferred to the new PCR plate. 

 

3.5.4.6 DNA fragments enrichment  

In this process, DNA fragments that have adapter molecules on both ends were 

selectively enriched and the amount of DNA in the library was amplified using 

PCR that employed Primer Cocktail that anneals to the ends of the adapters. 

Briefly, 5µl of Primer Cocktail and 25µl of Prime Master Mix were added to each 

well of the PCR plate. The plate was incubated in a thermocycler with the 

following conditions: denaturation at 98°C for 30s followed by 15 cycles of 98°C 

for 10s, annealing for 60°C for 30s, extension at 72°C for 30s and final extension 

72°C for 5 min. After incubation, 47.5µl of homogenized magnetic beads were 

added to each well of the PCR plate and incubated for 15 min at room 

temperature. The plate was then placed on the magnetic stand for 5 min before 

95µl of supernatant was removed from each well and the plate was washed twice 

using 80% ethanol. In the next step, the beads of each well was resuspended with 

32.5µl of RSB and plate was placed on the magnetic stand for 5 min. Finally, 30µl 

supernatant from each well of the PCR plate was transferred to Target Sample 

Plate (TSP) and stored at 20oC until used.  

 

3.5.5 Quantify Libraries and Sequencing  

The DNA library sizes were validated with a High Sensitivity DNA kit on the 

Agilent 2100 Bioanalyzer (both from Agilent Technologies, Waldbronn, 

Germany). The concentration of the libraries was normalised to 4nM using HT1 
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buffer and pooled together. The final concentration of the pooled DNA library 

was then re-examined using the Qubit ssDNA Assay kit (Invitrogen - Life 

Technologies, Carlsbad, CA, USA). The pooled DNA library was sequenced 

using a MiSeq Reagent Nano Kit, v2 (Illumina Inc., San Diego, CA, USA).  

 

3.5.6 Analysis and Editing of Sequences 

The high throughput sequence reads from WGS were analyzed and edited using 

CLC Genomics Workbench 10.0 (Qiagen, Aarhus, Denmark). Prior to analysis 

and editing the sequence reads, the quality sequence reads was checked using 

FastQC Version 0.11 (Babraham Bioinformatics, Cambridge, UK). Then the 

sequence reads were mapped to human genome to exclude reads for human 

ribosomal sequences and contaminant analysis was conducted. Sequences were 

assembled using a de novo approach.   

 

3.6 BIOINFORMATICS  

3.6.1 Reference Sequences  

For phylogenetic analysis, reference sequences for specific genes (E gene for 

DENV and E1 for CHIKV) that were isolated from various locations around the 

world, were downloaded from GenBank. Those full genome sequences were 

trimmed leaving only the targeted gene. Sequences that were excessively long, 

reflecting sequencing error, were excluded. For each type of virus, isolated 

sequences together with reference sequences were aligned using a Multiple 

Alignment using Fast Fourier Transform (MAFFT) v.7.309 [645] as implemented 

in Geneious v.10.1.3 [646].  

 

3.6.2 Likelihood-based Phylogenetic 

To provide the relationship between Indonesian viruses and viruses isolated 

from other parts of world, an estimation of the maximum likelihood-based 

phylogenetic tree was performed using RAxML v.7.2.8 [647, 648]. GTR with 

gamma substitution model (GTR+Γ) and a rapid bootstrap procedure (100 
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replicates) were employed. Resultant phylogenies were visualized using FigTree 

v1.4.3 and bootstrap of at least 80% was used as an indicator for strong support 

for grouping of viruses into distinct lineages [77].  

 

3.6.3 Bayesian Evolutionary Analysis 

To provide evolutionary information of Indonesian viruses, their evolutionary 

rate and the time to most recent common ancestors (TMRCA) was estimated 

using the Bayesian Markov chain Monte Carlo (MCMC) method as implemented 

in Bayesian Evolutionary Analysis Sampling Trees (BEAST) v.2.4.6 [649]. The 

input file for BEAST was prepared using Bayesian Evolutionary Analysis Utility 

(BEAUti) and runs were performed using GTR with four gamma category and 

invariant sites (GTR+Γ4+I). Prior to the run, temporal signal and clocklikeness of 

molecular phylogenies of the data were assessed using TempEst v1.5 [650]. For 

DENV, runs were performed using GTR model with four gamma category count 

(GTR+Γ4). Relaxed clock phylogenetic with Coalescent Bayesian skyline model 

was employed using the relaxed lognormal molecular clock with initial estimated 

evolutionary rate of 7.6 x 10−4 substitutions per site per year [651]. For CHIKV, 

the runs used the relaxed lognormal molecular clock with an initial estimated 

evolutionary rate of 4.33 x 10−4 substitutions per site per year [532] and with a 

Coalescent Bayesian skyline model. For both analyses, a hundred million chains 

were run and sampled every thousand cycles with reasonable representative 

reference sequences. The output of MCMC runs was analyzed using Tracer v.1.6 

to assess effective sampling size. Maximum Clade Credibility (MCC) of 

phylogenetic trees and evolutionary parameters were summarized and created 

using TreeAnnotator v.2.4.6 with a 10% burn-in. Finally, the tree was visualized 

using FigTree v.1.4.3.  
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3.7 METHODS FOR CHAPTER 4  

3.7.1 Study Setting  

To generate information about major current circulating arboviruses in Indonesia 

(DENV, CHIKV and ZIKV), a cross-sectional study was conducted. Probable 

dengue patients were recruited, and serum samples were collected and tested 

initially for the presence of DENV NS1 EIA. Both NS1 positive and NS1 negative 

serum samples were cultured and the isolated viruses were sequenced and 

analyzed. Current circulating DENV and CHIKV, as isolated from the samples, 

are presented in Chapter 4.  

 

3.7.2 Study Sites  

The main study site in this study was Aceh Province. Aceh is located in the 

westernmost region of the Indonesian archipelago and has an area of 57,956 

square kilometers, with a total population 4,791,924 in 2014 [652]. Aceh Province 

consists of  18 regencies (Kabupaten) and 5 municipalities (Kotamadya) [652]. 

Patient recruitment and blood collection were conducted in four hospitals in the 

capital city of Banda Aceh (Zainoel Abidin Hospital, Meuraxa Hospital, Kesdam 

Hospital and Ibu dan Anak Hospital). To obtain more information about current 

circulating DENV, CHIKV and ZIKV, patient recruitment and serum collection 

was also conducted in Jambi Province. This province was chosen for at least two 

reasons. First, a study of the molecular epidemiology of DENV and CHIKV had 

been conducted in this province during 2014-2015 [215, 519] and therefore a 

follow-up study is important to assess the possibility of introduction, shift or 

replacement of serotypes, genotypes or lineages of those viruses. Second, a 

previous study had isolated ZIKV in this province [653, 654] and follow-up 

surveillance to detect continuous transmission of the virus is important. Patient 

recruitment and sample collection in Jambi was conducted in Siloam Hospital 

which is located in the capital city of the province. 
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3.7.3 Patient Recruitment and Blood Collection  

All patients (adult and children) with probable dengue based on WHO criteria 

[92] were invited to participate. Probable diagnostic criteria included acute febrile 

illness with two or more conditions including headache, retro-orbital pain, 

myalgia, arthralgia, rash, haemorrhagic manifestations, leucopoenia, 

thrombocytopenia, rising haematocrit, and at least one of following conditions: 

(a) supportive serology on single serum sample; and (b) occurrence at the same 

location and time as confirmed cases of DF [92]. Demographic data, clinical 

information and laboratory information from all probable diagnostic patients 

were collected using a standardized form (APPENDIX  V). 

  

On the first day of visit, approximately 3-5ml of venous blood was collected in 

serum separation tubes (SSTs) with aseptic technique. Serum and cell 

components were separated with centrifugation within two hours. Briefly, blood 

was allowed to clot for 1h at room temperature. After the clot formed, the tube 

was centrifuged at 2.900 rpm for 10 min and the serum was transferred 

immediately into a clean polypropylene tube. Serum samples were stored frozen 

at -20oC temporarily in the hospitals and then were transported to Eijkman 

Institute for Molecular Biology in Jakarta for storing at -80oC, before further 

transport to the University of Western Australia (UWA).  

 

3.7.4 Procedures          

The details of lab procedures are described consecutively based on the study 

sequence (Figure 3.1). First, all serum samples were tested for NS1 EIA as 

described in Section 3.3.2.2. 

 

3.7.4.1 Dengue-positive samples 

NS1 positive sera were subjected to (a) DENV isolation (Section 3.3.1) in order to 

obtain sufficient number of viral copies for E gene amplification; and (b) DENV 

serotyping PCR (Section 3.3.2.3) to determine the infecting serotype. Virus 
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isolation was confirmed using NS1 EIA (Section 3.3.2.2), by comparing pre- and 

post-culture supernatants to detect any increase in viral load. Viral RNA was 

extracted from NSI-positive culture supernatants (Section 3.4.1), cDNA was 

synthesized (Section 3.4.2) and DENV E gene was sequenced (Section 3.4.5). 

Sequences were analyzed to determine phylogenetic relationships (Section 3.6.2 

and Section 3.6.3). To increase the number of possible sequences, for samples 

that were negative for virus isolation, genetic material was extracted directly 

from sera. Representative DENV isolates, based on phylogenetic relationships, 

were cultured to provide sufficient virus concentration for WGS as described in 

Section 3.5.  

 

3.7.4.2 Dengue-negative samples 

For NS1-negative samples, sera were also cultured to isolate other possible 

arboviruses. The sera were passaged twice (Section 3.3.1) unless cytopathic effect 

(CPE) was detected earlier. For those CPE-positive cultures, the supernatant was 

tested for the presence of ZIKV and CHIKV using virus-specific RT-PCR assay 

(Section 3.3.2.5 and Section RT-PCR for CHIKV and other alphaviruses3.3.2.5). The 

RNA of the viruses was extracted from RT-PCR positive supernatants (Section 

3.4.1) and sequenced (Section 3.4.5). The representative CHIKV were also 

sequenced for WGS (Section 3.5). 

 

3.7.4.3 Dengue-Chikungunya-Zika-negative samples 

For all serum samples with negative results for all targeted arboviruses (DENV, 

CHIKV and ZIKV) were tested for the presence of IgM and total IgG/IgM anti-

leptospiral antibodies. Leptospira IgM and IgM/IgG Enzyme-linked 

Immunosorbent Assay (ELISA) was conducted using Panbio® Leptospira IgM 

ELISA (Standard Diagnostics Inc., Gyeonggi-do, Republic of Korea) and Serion 

ELISA Classic Leptospira IgG/IgM (Institut Virion\Serion GmbH, Würzburg, 

Germany), respectively.  
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For IgM ELISA, after serum samples were diluted with Sample Diluent, 100µl 

samples and controls were added to the appropriate well and incubated 30min at 

37oC. Then, the plate was washed using Elx50® Automated Strip Washer (BioTek 

Instruments, Winooski VT, USA) and 100µl Horseradish peroxidase conjugated 

anti-human IgM was added into each well and incubated for 30 min at 37oC 

before the plate was washed. Finally 100µl 3,3',5,5;-tetramethylbenzidine (TBM) 

chromogen was added, the plate was incubated for another 10 min at room 

temperature and the reaction was stopped by adding 100µl of Stop Solution (1M 

phosphoric acid). The absorbance of each well was measured at a wavelength of 

450nm with a reference filter of 600-650nm using iMark® Microplate Absorbance 

Reader (Bio-Rad, Hercules, CA, USA).  

 

For total IgG/IgM ELISA, the serum samples was also diluted first using Dilution 

Buffer. Then 100µl of diluted sample was added into the appropriate wells of 

microtiter test strips and incubated for 60 min at 37oC. After the plate was 

washed, 100µl of conjugate was added and incubated for another 30 min and 

washed for one more time. In the next step, 100µl of substrate solution (para-

nitrophenylphosphate) was added to each well for 30 min incubation. Finally 

100µl of stopping solution (<0.1N sodium hydroxide) was added and the optical 

density was read at 650nm wavelength. For both assays, the absorbance values 

were converted into qualitative results (positive, low positive, equivocal and 

negative) using a validated converter sheet (PathWest Laboratory, Nedlands, 

WA, Australia).  
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Figure 3.1. Major steps for Chapter 4 
cDNA: complementary DNA, CHIKV: chikungunya virus, CPE: cytopathic effect, DENV: 
Dengue virus, E: envelope gene, HA: haemagglutination assay, NS1 EIA: non-structural 
antigen enzyme immunoassay, RT-PCR: reverse transcription polymerase chain reaction, 
WGS: whole genome sequencing, ZIKV: Zika virus.  
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3.8 METHODS FOR CHAPTER 5  

3.8.1 Study Setting and Serum Samples 

To provide information about the history of major arbovirus infections in 

Indonesia, virus-specific antibody seroprevalence was determined among 

healthy residents of Aceh, Indonesia. DENV-, ZIKV- and RRV-specific antibodies 

were determined using PRNT. In addition, anti-CHIKV total antibodies were 

determined using HI assay. The serum samples were derived from a cross-

sectional study that was conducted in 2017. The study was carried out in two 

sub-districts within Aceh Jaya regency. Healthy community members were 

recruited and blood samples were collected, transferred and kept at -20oC in the 

School of Medicine, Syiah Kuala University, Banda Aceh before being transferred 

to UWA. Healthy residents, aged between 4 to 67 years old, who had resided at 

least five years in the current regency were considered to be eligible for inclusion 

as participants of the study. Individuals with a chronic infection, autoimmune 

diseases or allergic diseases were excluded.  

 

3.8.2 Development and Optimization of PRNT 

3.8.2.1 Test principle  

The basic principle for PRNT is the ability of the single virion to infect the host 

cell monolayer, kill the cells and thus form cleared areas that appear as plaques. 

Susceptible host cell monolayers are infected with a specific dilution of virus and 

after an incubation period, the monolayers are then covered with a semi-solid 

nutrient medium to prevent the virus spreading to uninfected cells [655]. The 

infected cells die, detach and the cleared area appears as small circular zones that 

are large enough to be visible to the naked eye after a staining procedure. The 

ability of the virion to produce plaques can be prevented by anti-virus NAb 

present in serum samples. The potency of a NAb is presented as reciprocal 

antibody dilutions at which 50–90% (PRNT50, PRNT75 or PRNT90) of viral 

infectivity is neutralized [656]. This assay endpoint is postulated to represent a 

protective antibody response. 
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3.8.2.2 Establishing the PRNT 

To establish the validated PRNT, four WHO DENV reference strains [657], 

DENV-1Hawaiian-2001, DENV-2NGC, DENV-3H-87 and DENV-4H-241 were used. The 

reference viruses had been passaged 2, 7, 5 and 2 times at UWA for DENV-1 to 

DENV-4, respectively, before being used for PRNT. Viral stocks were prepared 

using viral propagation procedures as described (Section 3.3.3) and incubated for 

seven days. After establishing a protocol, four well-characterised sera (dengue 

negative, DENV-2, DENV-4 and mixed infection) were tested. The result showed 

that the protocol was able to differentiate uninfected sera from infected sera with 

different DENV serotypes.  

 

3.8.3 Measuring Virus-specific Antibody of Serum Samples 

3.8.3.1 Reference viruses for PRNT  

a. DENV 

To enable this study to be more relevant to DENV transmission in Indonesia, 

endemic Indonesian viruses were tested to assess the seroprevalence of anti-

DENV antibodies from collected sera. To achieve this, the ability to produce 

plaques of fifteen endemic Indonesian viruses (generated by Imrie lab) was 

assessed using an established PRNT procedure. Details of the viruses are 

presented in Table 3.5.  

 

Out of fifteen endemic DENVs that were tested, only DENV-1 

(D1/IDN/Bali_005/2010) and DENV-2 (D2/IDN/Bali_070/2011) produced 

consistent and countable plaques while neither DENV-3 nor DENV-4 

produced proper plaques. D1/IDN/Bali_005/2010 was isolated from a 

Western Australia (WA) traveler returning from Bali in 2010 [77]. The same 

virus (100%) had been isolated from Bali during 2010-2011 [77, 658]. Similar 

viruses (homology 99%) were also isolated from various sites in Indonesia 

including  Makassar (2008) [659], Surabaya (2010-2012) [660], Bandung (2008) 

[661], and other parts of Indonesia (2013-2013) [305]. D2/IDN/Bali_070/2011 
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was isolated in 2011 from a traveler returning to WA from Bali [77]. This 

virus was 100% similar with other isolated viruses from Indonesia in 2011-

2012 [658, 662]. Similar viruses were also isolated from other places in 

Indonesia including Bali [658, 663], Sukabumi [664], Makassar [659], and 

other parts of Indonesia [665]. 

 

Although one virus for each DENV-3 (D3/IDN/Bali_431/2015) and DENV-4 

(D4/IDN/Bali_062/2010) produced the plaques during initial testing, these 

viruses did not produce consistent plaques after repeating the procedure and 

were excluded for PRNT. Therefore, for DENV-3 and DENV-4, WHO 

reference strains, DENV-3H-87 and DENV-4H-241, were used to test the sera from 

Aceh. 
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Table 3.5. List of Indonesian viruses tested during establishment of PRNT 
 

Serotype Serology  
No. 

Virus strain  Collection  
date 

Accession Genotype, Lineage Plaque production  Used for PRNT 

DENV-1 10-92666 D1/IDN/Bali_005/2010 11/18/2010 KM216665 Genotype II, L2 Yes, clear Yes 
 10-61759 D1/IDN/Bali_024/2010 8/12/2010 KM216674 Genotype I, L14 No No 
 10-103754 D1/IDN/Bali_039/2010 12/29/2010 KM216682 Genotype II, L3 Yes No 
 15-17147 D1/IDN/Bali_396/2015 23/02/2015 NA NA Yes, not clear  No 
DENV-2 11-14141 D2/IDN/Bali_070/2011 16/02/2011 NA Cosmopolitan, L4 Yes, clear Yes 
 15-9173 D2/IDN/Bali_375/2015 2/02/2015 NA Cosmopolitan, NC No  No 
 15-7152 D2/IDN/Bali_368/2015 23/01/2015 NA Cosmopolitan, L4 No No 
 12-2765 D2/IDN/Bali_125/2012 9/01/2012 NA Cosmopolitan, L4 Yes, too big  No 
 13-34099 D2/IDN/Bali_174/2013 18/04/2013 NA Cosmopolitan, L4 No  No 
DENV-3 15-35544 D3/IDN/Bali_431/2015 21/04/2015 NA NA Yes, not consistent No 
 15-63177 D3/IDN/Bali_458/2015 16/07/2015 NA NA Yes, too big  No 
 10-104032 D3/IDN/Bali_007/2010 12/30/2010 KM216737 Genotype I, L3 No No 
DENV-4 10-91161 D4/IDN/Bali_062/2010 11/13/2010 KM216742 Genotype III, L2 Yes, not consistent  No 
 10-15950a D4/IDN/Bali_036/2010 3/3/2010 KM216741 Genotype III, L1 Yes, overlap No 
L: lineage; NA: not available.  
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b. ZIKV 

The first isolated ZIKV in Indonesia belonged to the  Asian lineage [654]. In 

this study the  prototype  ZIKV Asian lineage strain PRVABC59 [666], 

isolated from a human infected in Puerto Rico in 2005, was used. BLAST 

analysis of the NS5 gene of the sequenced isolate used in this study 

confirmed 100% homology with Puerto Rico KU501215.  

 

c. RRV 

To assess the history of RRV infection in Indonesia, RRV Genotype 4 strain 

SW74249 (generated in Imrie lab) was used. This virus was isolated from Ae. 

camptorhynchus mosquitoes trapped in Harvey, WA, in 2004.  

 

3.8.3.2 Determining viral concentration  

To determine the optimal concentration of virus stock, various concentrations of 

each strain of viral stocks were used to infect Vero cells. Approximately 8x104 

Vero cells (for a total volume 0.5 ml) were cultured per well with DMEM 5% in 

the 24-wells plate for 24h. Monolayers with 95-100% confluency were achieved in 

24h. Two hundred µl of virus mix (100µl of viral solution with different 

concentrations (10-1 to 10-5) and 100µl of 5%DMEM) was inoculated onto the 

monolayers and rocked slowly for 10 min before incubation for 1h at 37°C, 5% 

CO2. During the incubation, the plates were checked at 20 min intervals. After 1h 

incubation, 1ml of semi-solid overlay media (1.2% methylcellulose (Sigma-

Aldrich, St. Louis, MO, USA) in 2% DMEM was added into each well and 

incubated at 37°C, 5% CO2. Length of incubation time was based on the presence 

of plaques under microscopic observation.  

 

After plaques were observed, the plates were stained with methylene blue (1% 

methylene blue with 10% formaldehyde (both from Sigma-Aldrich, St. Louis, 

MO, USA). Approximately 1ml of methylene blue was added into each well and 
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wrapped with plastic bag and incubated for 24h in a dark. After 24h, the wells 

were washed with running water and the plaques were counted manually.  

 

3.8.3.3 Optimising the PRNT procedure for tested viruses 

PRNT NAb titres are influenced by factors such as virus passage, cell line and the 

use of complement [667]. Variation in PRNT titres is also influenced by 

interaction between two or more factors, and is easily produced. Therefore, 

optimising procedures were conducted for the virus strains that were tested in 

the present studies. Several factors including Vero cell number, viral dilution and 

length of the incubation were adjusted to produce the most optimal conditions, 

with the aim of developing an assay able to produce clear and differentiable 

plaques before addition of serum samples.  

 

3.8.3.4 Testing serum samples 

After obtaining the optimal PRNT procedure that produced 30-60 plaques per 

well for each virus, 199 serum samples were tested in 24-well plates. Sera were 

heat-inactivated in a 56oC water bath for 30 min and a serial two-fold dilution 

(1/10 to 1/160) was prepared using serum diluent (DMEM medium). The titrated 

virus was mixed with respective plasma dilutions at equal volume and incubated 

at 37oC and 5% CO2 for 1h. After incubation, 200µl of plasma/virus mix was 

inoculated onto Vero monolayer for 1h at 37oC and 5% CO2. Approximately 0.5ml 

of 1.2% methylcellulose in 5% DMEM was added and the plates were incubated 

for 4-14 days according to the virus. For each plate, two virus control wells (i.e. 

virus and media only with no serum) and two cell control wells (no virus or 

serum; media only) were included. The plates then was stained using 1% 

methylene blue. 

 

3.8.3.5 NAb calculation 

Plaques generated by tested sera at varying dilutions and the control were 

counted. The number of plaques counted in test sera was compared with the 
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number of plaques from the control. The percentage of the average reduction of 

plaque was plotted along the Y axis while log dilutions of test sera (1:10, 1:20, 

1:40, 1:80 and 1:160) were plotted along the X axis. Neutralisation titre was 

expressed as the reciprocal value of the serum dilution. The percent reduction 

value for the corresponding reciprocal of the serum dilution value was entered 

into GraphPad Prism version 7.0. A nonlinear regression curve was fit and used 

to interpolate NAb titre at 50%, 75% and 90% reduction. A regression analysis 

was used because of the censored nature of the data. A tobit regression model 

with random effects was used [668]. Because most of the study was explorative 

study, serostatus of each sample was categorized using various criteria, 

combination of PRNT thresholds (PRNT50, PRNT75 and PRNT90) and cut-off of 

serum dilutions (10, 20, 40, 80 or 100) depending types of arbovirus. 

  

3.8.4 Determining of Total Antibody for CHIKV and ZIKV  

3.8.4.1 Principle  

To determine anti-CHIKV and anti-ZIKV total antibody concentration in the 

serum samples, an HI assay was used. This assay relies on the ability of specific 

antibodies to inhibit virus from agglutinating RBCs. Normally, attachment of 

haemaglutinin molecules on virus particles to sialic acid receptors on the surface 

of RBCs surface  forms a lattice structure; this agglutinated lattice prevents cells 

falling to the bottom of the plates (Section 3.3.2.1). Virus-specific antibodies 

present in serum will bind to the virus particles and therefore inhibit the virus 

from agglutinating RBCs - this is termed haemagglutination inhibition (HI). The 

maximum dilution of antibodies that inhibits haemagglutination is the antibody 

titer.  

 

3.8.4.2 Preparation of viral antigen  

CHIKV and ZIKV for HI assay were amplified and prepared as described at 

Section 3.3.3. Virus was inactivated using binary ethylenimine as described 

previously [669].  Briefly, virus stocks were treated with 0.1M binary 
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ethylenimine with 0.175N sodium hydroxide. After incubation for 6-8 h at 37oC, 

1M sodium thiosulfate was added to stop the reaction and left overnight at 4oC. 

Finally, the inactivated virus was aliquoted and stored at -80oC before use.  

 

Antigens at 4HA unit were prepared by dilution as described at Section 3.3.2.1 

using appropriate pH. The working dilution of 4HA unit was archived by 

diluted inactivated virus antigen with BABS with 1:9 and 1:30 dilution for 

CHIKV and ZIKV, respectively.   

 

3.8.4.3 Preparation of the serum samples 

To avoid interference with non-specific inhibitors, serum samples were treated 

with 20% kaolinite (PathWest, Nedlands, WA, Australia) and 50% goose RBC 

before tested. In brief, 500µl of 20% kaolinite was mixed with 100µl of serum 

sample and incubated for 60 min, with mixing every 10 min. After the tubes were 

centrifuged at 3,000 rpm in 4oC for 10 min, 50µl of 50% goose RBCs was added 

and incubated for additional 60 min at 4oC. During the incubation tubes were 

mixed gently to avoid lysis of goose RBCs, by inversion every 10 min. In the final 

step, the tubes were centrifuged at the same speed for 5 min and the clear plasma 

supernatant was aliquoted and stored at 4oC before use within one week.  

 

3.8.4.4 Testing the serum samples  

The assay was conducted in 96 wells v-bottom plates. Post-kaolinite treatment 

serum samples were diluted two-fold in 25µl BABS, ranging from 1:10 to 1:640. 

Then 25µl of 4HA unit viral antigen was added to each well and the mixtures 

were incubated at 4oC overnight, after which 10% goose RBCs was added. 

Positive HI was detected by the presence of a pellet of non-agglutinated RBC at 

the bottom of the wells.  
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3.9 METHODS FOR CHAPTER 6  

3.9.1 Study Setting and Serum Samples 

To monitor transmission dynamics of the major medically important arboviruses 

in Indonesia and their movement to neighboring countries, especially Australia, a 

prospective study was conducted using WA travelers as sentinels. Serum 

samples of acutely ill travelers with probable or confirmed dengue were received 

from PathWest Laboratory Medicine, Nedlands, WA, Australia and kept at -20oC. 

PathWest Laboratory is the State Reference Laboratory of the WA Department of 

Health. Patient demographic data and travel history were retrieved from Ultra®, 

the PathWest Laboratory Information System.  

 

CHIKV re-emerged in Indonesia in early 2001 and since then multiple and 

sporadic outbreaks have occurred in the country. Two nation-wide outbreaks 

have been reported, during 2009-2010 and in 2013 in Indonesia. The CHIKV 

genotypes associated with these distinct outbreaks have not been well identified. 

Therefore, archival sera from WA travelers returning from Indonesia during the 

peak of 2013 outbreak together with serum samples from other years were 

analyzed. 

 

3.9.2 Serum Samples 

3.9.2.1 Dengue study  

As part of ongoing surveillance and monitoring of arboviruses imported to WA, 

serum samples of acutely ill travellers with suspected arbovirus infection, 

submitted to PathWest Laboratory Medicine for diagnostic testing, were 

collected and kept at -80oC. NS1-positive serum samples from travelers returning 

from Bali and other regions in 2016-2017 were cultured to isolate DENV. 

 

3.9.2.2 Chikungunya study 

Chikungunya IgM positive serum sample from travelers returning from Bali and 

other regions in 2016-2017 were cultured to isolate CHIKV. In addition, archival 
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sera samples with similar criteria and earlier serum samples, collected prior to 

seroconversion between 2012 and 2015 were also cultured. Successful virus 

isolation was identified by detection of CPE and HA assay.  

 

3.9.3 Procedures          

The laboratory procedures used in Chapter 6 were similar to those used in 

Chapter 4 (Figure 3.2). All NS1 positive sera were subjected to DENV isolation 

(Section 3.3.1) and DENV serotyping. Virus isolation was confirmed by NS1 EIA 

(Section 3.3.2.2). Viral RNA was extracted from positive culture supernatants 

(Section 3.4.1), cDNA was synthesized (Section 3.4.2) and DENV E gene was 

sequenced (Section 3.4.5). Sequences were analyzed to determine phylogenetic 

relationships (Section 3.6.2 and Section 3.6.3).  

 

For the CHIKV study, sera were cultured using the same procedure (Section 

3.3.1) and at each passage, CPE was observed and an HA assay was conducted. If 

CPE was detected and/or HA assay was positive, the supernatant was tested by 

CHIKV RT-PCR (Section 3.3.2.5). Viral RNA was extracted (Section 3.4.1), cDNA 

was synthesized (Section 3.4.2) and CHIKV E1 gene was sequenced (Section 

3.4.5). For both viruses, whole genomes of representative viruses representing 

distinct clades identified by phylogenetic analysis were sequenced (Section 3.5).  
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Figure 3.2. Major steps for Chapter 6 
CHIKV: chikungunya virus, CPE: cytopathic effect, DENV: Dengue virus, E: envelope 
gene, HA: haemagglutination assay, NS1 EIA: non-structural antigen enzyme 
immunoassay, RT-PCR: reverse transcription polymerase chain reaction, WGS: whole 
genome sequencing, ZIKV: Zika virus.  
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3.10 METHOD FOR CHAPTER 7 

3.10.1 Study Design  

Dengue is the most important arbovirus infection in Indonesia because of its high 

incidence and mortality rate. To assess community support and associated 

determinants for dengue control and prevention, a community-based cross-

sectional study was conducted. Community support was determined by 

assessing four domain indicators: (a) KAP regarding DENV infection; (b) 

acceptance of a dengue vaccine; (c) WTP for a dengue vaccine; and (d) 

willingness to participate in a dengue study. The study was conducted in nine 

regencies or municipalities in Aceh Province of Indonesia. To facilitate the 

interviews, a set of questionnaires, a combination of previously validated and 

pre-tested questions [670-673] and newly developed questions, was used. The 

questionnaires were designed to assess a range of explanatory variables such as 

demographic status, the history of DENV infection among participants and their 

family member(s), socioeconomic status (SES), and to assess the response 

variables (KAP regarding dengue, acceptance and WTP for a dengue vaccine and 

willingness to participate).  

 

3.10.2 Study Sites  

The study included localities in the southwestern (from 0 to 25 m above sea 

level), central (~ 1200 m above sea level) and northern (25 to 100 m above sea 

level) regions of Aceh. To represent the population, seven regencies (Aceh 

Tengah, Aceh Besar, Aceh Utara, Aceh Singkil, Aceh Timur, Aceh Selatan and 

Aceh Tamiang) and two municipalities (Langsa and Sabang) were randomly 

selected (Figure 3.3). A reliability test of the questionnaires was separately 

conducted among populations in two additional regencies (Aceh Barat and Aceh 

Pidie Jaya).  
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Figure 3.3. Map of Aceh Province, Indonesia 
Map of Aceh Province of Indonesia showing the study sites to assess the community 
support for dengue control and prevention. Study sites are indicated by green while 
areas of questionnaire pre-testing are indicated by yellow.  
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3.10.3 Sampling and Sample Size 

Prior to the present studies, no data related to KAP regarding dengue, acceptance 

and WTP for a dengue vaccine and willingness to participate in a dengue study 

in Aceh have been available. Therefore, to calculate a representative sample size 

for the Aceh population (4,791,924), it was conservatively assumed that 50% of 

participants would have good KAP regarding dengue, acceptance response for a 

dengue vaccine and willingness to participate in a dengue study. With a 5% 

margin of error and 95% confidence level, 385 participants were required to 

achieve the minimum recommended sample size. To recruit the samples, seven 

out of 18 regencies and two out of five municipalities in Aceh were selected 

randomly. The minimum number of participants from each study site was 45. 

However, to minimize study design effect and to obtain more robust statistical 

power, a minimum of 60 participants were required from each study site. 

However, for regencies with a high population density, a higher number of 

participants was allocated (i.e. additional 10% to 50% number of participants was 

allocated compared to the regency with the low population density). All 

inhabitants who were aged over 16 years, had resided in the specified regency or 

municipality for more than 3 months, and were able to communicate were 

considered to be eligible for inclusion as participants of the study.  

 

3.10.4 Study Instrument and Testing  

To facilitate the interviews, a set of questionnaires consisting of: (a) validated and 

pre-tested questions to assess SES [674] and KAP [672, 675, 676]; (b) modified 

questions to assess attitude toward vaccination practice and WTP for dengue 

vaccine [676]; and (c) newly developed questions to assess the willingness to 

participate in dengue study, was employed. To validate the research instrument, 

a pilot study to assess the reliability and internal consistency of the questioners 

was conducted among 52 participants in two regencies of Aceh Province (Aceh 

Barat Daya and Aceh Pidie Jaya) prior to the survey. The data from these 

participants were not included in the final analysis. A minimum of Cronbach’s 
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Alpha of 0.7 was considered to reflect acceptable internal reliability [677]. See 

APPENDIX  VI for the details questionnaire used in this study.  

 

3.10.5 Interview and Data Collection  

To collect the information from community members, face-to-face interviews 

were conducted in Bahasa Indonesia by data collection team. All members of the 

data collection team were medical doctors and a brief training was provided 

prior to actual study. To avoid bias, correct answers to the survey questions were 

not provided.  

 

3.10.6 Study Variables  

3.10.6.1 Response variables 

a. Knowledge, attitude and practice regarding dengue 

Knowledge regarding dengue consisted of two parts, namely knowledge 

about symptoms and signs of dengue, and knowledge about DENV 

transmission. A total of 28 questions adapted from previous studies were 

used to measure this domain [672, 675]. Possible responses to all of the 

questions were “Yes” or “No”. A correct response was given a score of one, 

whereas an incorrect response was given a score of zero. Participant 

knowledge was calculated as the total sum of correct responses so that higher 

scores indicated better knowledge about DF. Attitude towards dengue was 

measured using a set of fifteen questions adapted from previous studies [672, 

675, 676]. Participants were asked to respond to the questions on a five-point 

Likert-like scale as follows: 1 = Strongly disagree; 2 = Somewhat disagree; 3 = 

Neither agree nor disagree; 4 = Somewhat agree; and 5 = Strongly agree. A 

high score was given when the statement and the alternative answer defined 

positive attitudes. The attitude score was computed as the sum of participant 

responses. Preventive measures against DENV infection were measured 

using sixteen questions adopted from previous studies [672, 675]. This 

domain included measures such as preventing mosquito-human contact and 
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eliminating mosquito breeding place. Each correct response was given a score 

of one, whereas an incorrect response was given a score of zero. Hence, 

higher scores indicate better preventive practice. 

 

Additive scale scores for the KAP domains ranged from 0 to 28, 15 to 75 and 0 

to 16 for the knowledge, attitude and practice domains, respectively. For each 

participant, scores for each question within a domain were summed up to 

arrive at a single value out of a total score of 28, 75 and 16 for the respective 

KAP domains. Participants’ KAP levels were defined as ”good” or ”poor” 

based on an 80% cut-off point [672]. 

 

b. Acceptance for a dengue vaccine 

To assess dengue vaccine acceptance, it was hypothesized that the dengue 

vaccine would be safe and protective against DENV infection. No 

information related to the dose, administration procedure, or price of the 

dengue vaccine was provided. Participants were asked to respond the 

question: “Would it be likely for you to vaccinate your children (if you have 

children)?” The possible responses were scored on a five-point Likert-type 

scale: “Very unlikely”, “Likely”, “Undecided”, “Unlikely”, and “Very likely.” 

Dengue vaccine acceptance was categorized into “Willing” (Very likely and 

Likely) and “Not willing” (Undecided, Unlikely and Very unlikely). 

 

c. WTP for a dengue vaccine 

To assess the WTP for a dengue vaccine, it was hypothesized that a safe and 

fully protective dengue vaccine against DENV was available. To determine 

the amount of money that participants would be willing to pay for a dengue 

vaccine, a list of dengue vaccine prices (in interval) was provided. The 

median of the intervals was used for analysis from free, 10,000 Indonesian 

Rupiah (IDR); 17,500; 37,500; 62,500; 87,500; 150,000 and 200,000 (equivalent 

with US$0.73, 1.28, 2.75, 4.58, 6.41, 11.00 and 14.66, using the May 2016 
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exchange rate).  For further analyses, the US$ values are used. The 

participants were asked to give their responses from “Very likely”, “Likely”, 

“Undecided”, “Not likely” to “Very not likely” to buy the vaccine in each 

particular price. This technique was a modification of the previous proposed 

model [678]. If the participant refused to accept the free provided dengue 

vaccine, the interview was terminated. If the participant accepted the dengue 

vaccine and was willing to pay for the lowest prices (US$0.73), the price was 

then increased until the participant no longer willing to pay (“Not likely” or 

“Very not likely”) was reached. The WTP was defined as the highest accepted 

price; i.e. the highest price where the participants were still willing to pay 

(“Very likely” or “Likely”).  

 

d. Willingness to participate in a dengue study  

To ascertain willingness to participate in the dengue study, participants were 

asked about their willingness to take part and to allow their family member to 

take part in a dengue study that requires phlebotomy and donation of 2.5 ml 

of their blood on the premise that they are infected with DENV. Each 

question had five possible answers in a Likert-like scale indicating agreement. 

The scoring for the Likert-like scale was:  5 = Very likely, 4 = Likely, 3 = 

Undecided, 2 = Unlikely; and 1 = Very unlikely. Higher scores reflected better 

willingness to participate in the dengue study. The additive scale score for 

willingness to participate ranged from 2 to 10. For each participant, scores for 

each question within the domain were summed up to obtain a single value 

and the their willingness to participate was defined as ”good” or ”poor” 

based on an 80% cut-off point. 

 

3.10.6.2  Explanatory variables  

a. Demographic data 

Some individuals will have a greater propensity to have support for dengue 

control and prevention, and the propensity is likely to vary with the basic 
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demographic background. Therefore, data on age, gender, educational 

attainment, type of occupation, religion, marital status, monthly income and 

type of residence were collected in this study. The date of birth was recorded 

and converted into actual age. The educational attainment was defined as the 

highest level of formal education completed and was classified into: (a) 

primary school; (b) junior high school; (c) senior high school; (d) diploma 

certificate; and (e) university graduate. Five general types of occupation were 

assigned to classify occupation based on the main job of the participants: (a) 

farmer; (b) civil servant; (c) private sector employee; (d) entrepreneur (owned 

a small-scale business, or traders in the market); and (e) student or university 

student. Monthly income, defined as the average amount of money earned by 

participants each month, was measured by asking the participants to choose 

the closest amount of money from a list. Type of residence was divided into: 

(a) city (located in the capital city of a district [kecamatan] or regency 

[kabupaten]); and (b) suburb (located in the villages [desa]). Inhabitants of the 

cities mostly worked as civil servants, in the market or had their own small 

business while inhabitants of the suburbs mostly worked as farmers.  

 

b. Personal history of past dengue fever 

The participants’ history of previous episodes of dengue, and having family 

members who had suffered from dengue, were also collected. This 

information was collected based on participants’ recollections. 

 

c. SES 

The ownership of fifteen indicator variables was used to construct an asset 

index based on Principal Component Analysis (PCA) as proposed previously 

[679] with slight modification for the Indonesian and current context [671]. 

The indicator variables used were radio, refrigerator, bicycle, motorcycle, 

personal computer, internet connection, car, landline phone, piped water, 

flushed toilet, housing unit, and housing characteristics including having 
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separate kitchen, non-dirt flooring, roof tiles, and brick walls. For measuring 

the asset index, the ownership of each asset item was given a score of one and 

zero otherwise. PCA summarizes the information contained in asset variables 

to a smaller number of mutually orthogonal components of the data. The first 

principal component captures the most common variation among them and 

is used as the index of the underlying variables. The asset index was 

constructed as the sum of the standardized asset scores multiplied by their 

respective factor loadings [671]. The asset index (the first principal) then used 

to classify the economic status into five quintiles: the 1st quintile representing 

the poorest and the 5th quintile representing the least poor. 

 

d. Attitude towards vaccination practice  

To measure attitude toward vaccination, five modified questions from a 

previous study were used [671]. Each question had five possible answers in a 

Likert-like scale indicating their agreement regarding vaccination. The scores 

for the Likert-like scale were as follows: 1 = Strongly disagree; 2 = Disagree 

somewhat; 3 = Neither agree nor disagree; 4 = Agree somewhat; and 5 = 

Strongly agree. A high score was given for the statement and the alternative 

answer defined as positive attitudes; therefore, higher scores indicate a more 

positive attitude towards vaccination practice. For each participant, the scores 

for attitude towards vaccination practice were computed as the sum of the 

response scores with additive scale scores ranged from 5 to 25. The level of 

these domains was dichotomized into “good” and “poor” based on an 80% 

cut-off point.  

 

3.10.7 Statistical Analysis 

The association between each response variable and explanatory variables was 

assessed separately. During analyses, some response variables were analyzed as 

an explanatory variable for another response variable. For example, each KAP 

domain was analyzed as explanatory variable for acceptance and WTP for a 
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dengue vaccine and willingness to participate in a dengue vaccine. All analyses 

were performed using Statistical Package for the Social Sciences software (SPSS 

for Windows, Version 15, Chicago, USA).   

 

3.10.7.1  Knowledge, attitude and practice regarding dengue  

Logistic regression analysis was used to determine the predictors of each KAP 

domain. In the univariate logistic regression, all explanatory variables were 

included. Levels of KAP, “good” vs. “poor”, were used as the outcome variables 

in the logistic regressions. In the next step, explanatory factors from univariate 

analysis with p≤0.25 were entered into the multivariate analysis. Confounding 

factors were explored by comparing the difference between the adjusted odds 

ratio (aOR) in multivariate analyses and the crude odds ratio (OR) in univariate 

analyses, of a particular predictor variable on the KAP domain. The estimated 

OR was interpreted in relation to one of the categories, which was designated as 

the reference category.  

 

The correlation values among KAP scores and between KAP score and asset 

index were calculated using Spearman’s rank correlation (rs). This correlation 

was chosen because the KAP scores were not normally distributed as revealed by 

the Kolmogorov–Smirnov test. In order to calculate confidence intervals for 

Spearman’s rank correlation, the procedure by DG Bonett and TA Wright [680] 

was followed.  

 

3.10.7.2  Acceptance and WTP for a dengue vaccine 

a. Acceptance for a dengue vaccine 

To determine the role of the explanatory variables in dengue vaccine 

acceptance, a two-step logistic regression analysis was employed. In the 

univariate logistic regression, all explanatory factors were included, and 

significant explanatory factors (P≤0.25) were entered into the multivariate 

analysis. The estimated OR was interpreted in relation to one of the 
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categories, which was designated as the reference category. In addition, the 

correlation between dengue vaccine acceptance and selected explanatory 

variables with ratio scores (KAP score and asset index) were calculated using 

Spearman’s rank correlation. The confidence intervals for Spearman’s rank 

correlation were calculated as described previously [680].  

 

b. WTP for a dengue vaccine 

To assess the explanatory variables influencing participants’ WTP for a 

dengue vaccine, a linear regression analysis was employed. This analysis is 

widely accepted and has been used in previous studies in context of different 

vaccines [681-683]. Several stages were conducted prior to final multivariate 

linear regression analysis. First, diagnostics procedures were performed to 

check how well the data met the linear regression assumptions using 

multivariate model. Variance Inflation Factor (VIF) [684], Glejser test [685] 

and Kolmogorov-Smirnov test [686] were used to assess the multicollinearity, 

heteroscedasticity and normality assumption, respectively. A VIF lower than 

10 and tolerance value (1/VIF) of greater than 0.1 were used as a cut-off point 

to indicate there was no multicollinearity between variables. A p-value of 

more than 0.05 for the Glejser test, and Kolmogorov-Smirnov test was used as 

a cut-off point to indicate there was no autocorrelation and heteroscedasticity 

and to indicate normal distribution of residuals. The initial diagnostic step 

indicated that the data violated two linear regression assumptions: 

heteroscedasticity and normality.  

 

Second, since the data violated two linear regression assumptions, an attempt 

to obtain validity of those assumptions was made using a function of natural 

logarithm (Ln) transformation of WTP values. After transformation, the new 

multivariate model met all assumptions. The VIF scores ranged 1.130-5.408 

and tolerance scores ranged 0.185-0.888; indicating no multicollinearity was 

observed between explanatory variables. The p-values for the Glejser test was 
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identified less than 0.05 indicating no heteroscedasticity. In addition, a p-

value 0.078 of Kolmogorov-Smirnov was found, which indicated normal 

distribution of residuals.   

  

Third, the relation between the explanatory variables and transformed WTP 

was examined using the new multivariate linear regression model. Because 

this study was exploratory study, all explanatory variables that significant at 

p<0.25 in the initial multivariate linear regression model were retained and 

were included in the final linear regression model. The p<0.25 cut-off point 

used based as proposed previously [672, 687]. A two-steps linear regression 

analysis was used to ensure all important explanatory variables were 

included in the final model. The coefficient and its corresponding 95% 

confidence interval (95%CI) and direction of the linear association between 

explanatory and response variable were determined from the transformed 

model. In addition, the association between an explanatory and response 

variable was interpreted in relation to one of the categories designated as the 

reference category. In this model, each predicted value of ln WTP is on the 

natural log scale and should follow a normal distribution.  

 

Finally, the mean of US$ estimate WTP and its 95%CI were then calculated. 

The mean of US$ estimate WTP was estimated as  where 

the  and  were estimated regression coefficients and the mean squared 

error (MSE) of the multivariate regression model, respectively [688].  

 

3.10.7.3  Willingness to participate in a dengue study  

To assess the effect of explanatory variables on the willingness to participate in a 

dengue study, a two-step logistic regression analysis was also used as described 

for other response variables (Section 3.10.7.1 and Section 3.10.7.2). Additional 

analyses were conducted to assess correlations between willingness to participate 

and some explanatory variables in the ratio scale data (SES and KAP scores) 
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using Spearman’s rank correlation (rs) as described for other response variables 

(Section 3.10.7.1 and Section 3.10.7.2). 

 

3.11 METHOD FOR CHAPTER 8  

3.11.1 Knowledge and Attitude towards ZIKV Infection among General 

Practitioners 

3.11.1.1  Study design  

An online cross-sectional study was conducted from October to December 2016 

to assess the knowledge and attitude towards pregnancy-related issues of ZIKV 

infection among general practitioners (GP) in Indonesia. This study was 

conducted in an area that encompassed Sumatra and Java islands, which together 

are inhabited by about 200 million individuals, or approximately 80% of the 

entire population of Indonesia. The online survey was estimated to take around 

five to ten minutes to complete. The design, setting, analyses and reporting of 

this study adhered to the STROBE guidelines for cross-sectional studies in 

epidemiology [689].  

 

3.11.1.2  Survey instrument 

To assess knowledge and attitude, a questionnaire was developed based on 

existing facts from the United States Centers for Disease Control and Prevention 

(CDC) [128]. The questions were translated into Bahasa Indonesia (the national 

language), and a panel consisting of two medical microbiologists was appointed 

to evaluate the content validity of the questionnaire content. Prior to the actual 

study, the reliability of the questions was tested in a pilot study, and the data 

from this pilot study were excluded from the final analysis. See APPENDIX  VII 

for the details questionnaire used in this study. 

 

3.11.1.3  The survey and data collection   

The Survey Monkey web portal was employed to collect the data for this study. 

A survey link was sent to physicians’ professional organizations that forwarded 
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it to their members and promoted the survey on social media. All registered GPs 

from Indonesian Medical Council living in Sumatera or Java were considerate 

eligible. If no response was received from a member, reminders were sent. To 

ensure the anonymity of the respondent and confidentiality of the data, the IP 

addresses of participants were not collected. The first page of the survey 

included information on the identity of the investigator, contact details, aims of 

the study, and its expected benefits. Before starting the survey, individuals 

provided their consent to participate. Potential participants were also informed 

that they could exit the survey at any point, but their responses that had already 

been recorded would still be uploaded to the database. At the end of the data 

collection period, the data were extracted from the survey host and imported into 

statistical software for analysis.  

 

3.11.1.4  Study variables 

a. Response variables  

The response variables in this study were knowledge and attitude among 

GPs in Indonesia towards pregnancy-related problems of ZIKV infection. To 

assess knowledge, five questions were used. A correct response was given a 

score of one and an incorrect response was given a score of zero. The 

knowledge score was the sum of these five questions, ranging from 0 to 5 in 

which higher scores indicated greater knowledge. Four questions were used 

to assess attitude, and each question was rated on a 5-point Likert scale from 

1 (strongly disagree) to 5 (strongly agree). To describe the distribution of 

responses to a question in the study population, participants who answered 4 

or 5 were categorized as “agreeing” with the specific question. Subsequently, 

responses within the attitude domain using the 1 to 5 scale were added 

together giving an attitude score ranging from 4 to 20 in which higher scores 

indicated a more positive attitude. The responses to questions in which a 

higher score indicated a more negative attitude were flipped in order to 
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preserve directionality across questions. See Additional file 2 for the detailed 

questions used to assess the knowledge and attitude domain.  

 

b. Explanatory variables  

Four main groups of explanatory variables that could plausibly affect 

knowledge and attitude were assessed: sociodemographic status, workplace 

characteristics, medical professional development characteristics, and Zika-

related experience. The sociodemographic characteristics included gender, 

age, education, and occupation. For statistical analysis purposes, the age of 

the respondents was divided into: (a) 30 years or less, and (b) more than 30 

years. Workplace characteristics included the specific department where the 

respondents worked, workplace type, and workplace location. To assess their 

medical professional development characteristics, respondents were asked 

about their medical experience (in year) and experience attending medical 

conference or training in the last five months. Zika-related experience was 

assessed whether respondents had contact with patient(s) presenting signs 

and symptoms of ZIKV infection.  

 

3.11.1.5  Statistical analysis  

All explanatory variables were divided into groups to give quantitative 

measures. The levels of knowledge and attitude were dichotomized into “good” 

and “poor” based on a 75% cut-off point of the total score within each domain 

(i.e., 4 out of 5, and 15 out of 20 for knowledge and attitude, respectively). The 

associations between the explanatory variables and the response variables 

(knowledge and attitude) were assessed using a two-step logistic regression. In 

the univariate logistic regression, all explanatory variables were analysed, and 

variables with p≤0.25 in this step were entered into the multivariate analysis. The 

estimated crude OR of the univariate analyses and aOR of the multivariate 

analyses were interpreted in relation to a reference category (R).  
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The correlation and association between knowledge and attitude were assessed 

using Spearman’s rank correlation (rs) and the Chi-square test, respectively. This 

correlation analysis was used due to the homogeneity of data variance. The 

confidence intervals for Spearman’s rank correlation were calculated as 

previously described [680]. For all analyses, significance was assessed at α=0.05. 

Statistical Package for the Social Sciences software (SPSS for Windows, Version 

15, Chicago, USA) was used to analyse the data.  

 

3.11.2 Acceptance and WTP for a Zika Vaccine and Willingness to Participate 

in a Zika Vaccine Trial 

3.11.2.1  Study design and setting 

To assess community support and its associated determinants for Zika control 

and prevention, assessed by determining the acceptance and WTP for a Zika 

vaccine and willingness to participate in a Zika vaccine trial, a health facility-

based cross-sectional study was conducted. To facilitate the interviews, a set of 

questionnaires was designed to cover a ranges of explanatory variables and to 

assess the responses variables (acceptance and WTP for a Zika vaccine and 

willingness to participate in a Zika vaccine trial). Patients those who were 

married and have had children or were expecting their first child were recruited 

via a convenience sampling method. 

 

3.11.2.2  Study sites 

This study was conducted in Aceh Province and in West Sumatra Province. Both 

provinces are located in Sumatra Island which is situated in the westernmost 

region of the Indonesian archipelago. Sumatra Island has a surface area of 

473,481 km² with a total population of 50.37 million in 2010. Aceh was selected 

because this province has previously been the location for other population 

studies related to ZIKV infection [690, 691]. West Sumatra was selected because 

this province is in close proximity to Jambi where ZIKV has been isolated [59]. 

The study was conducted in seven regencies or municipalities of Aceh (Banda 
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Aceh, Bireun, Aceh Utara, Aceh Selatan, Lhokseumawe, Aceh Jaya, Aceh Besar) 

and three regencies of West Sumatra (Padang Panjang, Tanah Datar and Solok).  

 

3.11.2.3  Sampling and sample size 

Study participants were patients who visited the infection and non-infection 

outpatient departments either in hospitals or community health centres 

(Puskesmas) in Aceh and West Sumatra. Based on the population of both 

provinces in 2017 (10.51 million) the minimum sample size required was 385, 

based on the assumption that the acceptability rate was conservatively estimated 

to be 50% with a 5% margin of error and a confidence interval of 95%. To recruit 

the samples, eleven out of 42 regencies or municipalities in both provinces were 

purposefully selected to include both urban and suburban areas, such that the 

minimum sample size, the number of participants required from each study site 

was 35. To avoid repetitive field visits, to minimize the study design effect and to 

obtain a more robust estimate, the number of sampled participants was increased 

for each study site. The number of additional participants was adjusted based on 

the population of each study site (i.e. the percentage of additional participants 

was allocated higher to regencies with high population density). Participants 

who were married, have had children or were expecting their first child during 

the study, had resided in the specified regency or municipality for more than 3 

months, and were able to communicate in Bahasa Indonesia (the national 

language) were considered to be eligible for inclusion. Participants were 

approached and recruited via a convenience sampling method. 

 

3.11.2.4  Study instrument and testing 

To facilitate the interviews, a set of a structured questionnaires consisting of five 

sections was used. The first section collected sociodemographic information. The 

second section assessed participants’ attitude towards childhood vaccination 

using an established Parent Attitudes about Childhood Vaccines (PACV) 

questionnaire [692]. The third section provided brief information on ZIKV 
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infection including the cause of the disease, epidemiology, the pregnancy-related 

complications and transmission. This section also provided a description of the 

hypothetical Zika vaccine, including efficacy, safety, and the administration 

procedure. The fourth and fifth section determined the acceptance and WTP for a 

Zika vaccine, respectively.  

 

The English version of the PACV questionnaire was translated to Bahasa 

Indonesia. A panel consisting of a medical doctor, a family medicine doctor and a 

microbiologist were appointed to evaluate the content validity of the 

questionnaire. Prior to use in the actual study, the questionnaire was tested for 

accuracy among 10 patients, who visited an outpatient department of a 

community health centre in Banda Aceh, the capital of Aceh. Corrections were 

made accordingly based on findings during the pilot study. See APPENDIX  VIII 

for the details regarding the questionnaire used in this study. 

 

3.11.2.5  Interview and data collection  

Structured interviews assisted by a validated questionnaire were conducted in 

Bahasa Indonesia to collect the information of interest from respondents. In some 

occasions, sentence(s) or word(s) were translated into local languages (Acehnese 

or Bahaso Minang, in Aceh and West Sumatra, respectively) to give a clearer 

explanation. Prior to the interview, a potential participant was informed of the 

study aims, risks and benefits. Participants were also informed that they could 

withdraw from the study any time during the interview. Once the participants 

agreed to participate, they were asked to sign an informed consent form. Each 

informed consent form and its matching questionnaire was assigned an identifier 

code and this was used in all analyses.  
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3.11.2.6  Study variables 

a. Response variables  

1) Acceptance for a Zika vaccine 

Prior to data collection, participants were provided with the following 

information: (a) Zika is caused by ZIKV; (b) the disease is mostly present 

in the Americas; (c) there has been no Zika patient reported in Aceh or 

West Sumatra but there is potential that this disease will become present 

in the country; (d) infection during pregnancy could cause neurological 

defects in newborns and cause impartment for their entire life; and (f) the 

virus is transmitted by mosquitos but could be transmitted through 

sexual contact. Because there was no licensed Zika vaccine available 

during the study; it was hypothesized that a safe and 90% protective 

vaccine against ZIKV was available. The participants were informed that 

the vaccine need to be injected into the body through the deltoid muscle. 

 

To assess the acceptance for Zika vaccine, participants were asked to 

respond two questions: “How likely would it be for you to get yourself 

vaccinated against Zika virus infection?” and “How likely would it be for 

you to recommend your partner to get herself vaccinated against Zika 

virus infection?”.  The possible responses were scored on a five-point 

Likert-type scale, ranging from “very unlikely”, to “very likely.” 

Responses for “very unlikely” and “unlikely” scored as 0, “undecided” 

scored as 1 and score of 2 was given to “likely” and “very likely”. 

 

2) WTP for a Zika vaccine 

To assess the amount of money that participants would be willing to pay 

for a Zika vaccine, the participants were asked whether they would be 

willing to pay according to a randomly chosen bid amount from the 

following bids: IDR 50,000; 100,000; 250,000; 500,000; 750,000; 1 million; 2 

million; and 3 million (equivalent to US$ 3.50, 7.01, 17.52, 35.04, 52.55, 
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70.07, 140.14, and 210.21). The possible responses were “yes” or “no”. The 

WTP was defined as the highest accepted bid, i.e., the highest price the 

participants said they were willing to pay.    

 

3) Willingness to participate in Zika vaccine trial  

The response variable in this study was willingness to participate in a 

Zika vaccine trial. Prior to the interview, the respondent was informed 

that: (a) currently, no Zika vaccines have been approved and are available 

on the market, and they are therefore being developed and tested in trial 

involving human beings; (b) human trials are important to assess the 

safety and efficacy of a vaccine prior to its approval to be on the market; 

(c) the vaccine that is being tested was formulated using an inactivated, 

subunit, or conjugate vaccine against ZIKV infection and thus could not 

cause Zika; and (d) there was no information on the adverse effects of 

vaccine in humans but the vaccine showed no adverse effects during 

animal studies. To ascertain the willingness to participate, with no 

financial compensation, participants were asked whether they were 

willing to participate in a vaccine trial for a hypothetical Zika vaccine, as 

described, where the vaccine needs to be injected intramuscularly and 

their blood would need to be collected multiple times after vaccination. 

The possible responses were “yes” or “no”. 

 

b. Explanatory variables  

1) Sociodemographic data  

Sociodemographic data of the participants including age, gender, 

educational attainment, employment status, monthly income, and 

number of children were collected. Educational attainment was defined 

as the highest level of formal education completed, and employment 

status was dichotomized into employed and unemployed. Monthly 

income, the average money earned each month, was measured by asking 
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the participants to choose the closest amount of money from a list in IDR, 

which was then converted to US$ using a July 2018 exchange rate. The 

number of children was also recorded and grouped into four categories 

(first pregnancy, 1-2, 3-5, and more than 5 children). The participants 

were also asked whether they had heard about Zika prior to the present 

study.  

 

2) Attitude for childhood vaccination  

To measure attitudes for childhood vaccination, the PACV questionnaire 

was used. The questionnaire measured three sub-domains: vaccination 

behavior, belief in vaccine safety and efficacy, and general attitude 

towards childhood vaccination [693]. It consisted of 15 questions with 

four types of possible responses: “yes”/”no”/”do not know”, 5-point 

Likert-scale responses (“strongly agree” to “strongly disagree”), 5-point 

Likert-scale responses (“not at all concerned” to “very concerned”), and a 

10-point Likert-scale (“not at all sure” to “completely sure”). As proposed 

previously [692-694], responses to each question were scored as follow: 

hesitant (scored as 2), not sure (scored as 1), and non-hesitant (scored as 

0). Then, the score of each response were summed into an additive scale 

ranging from 0 to 30, in which higher scores indicate more hesitancy for 

childhood vaccination. For those who were currently expecting their first 

child during the interview, two questions within the behavior sub-

domain were not applicable and therefore the maximum total score was 

26. For each respondent, the total raw score of attitudes towards 

childhood vaccination and its sub-domain was converted into a 0–100 

scale and then dichotomized into two categories: good attitude (score <50) 

and poor attitude (score ≥50), as recommended [693-696]. 
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3.11.2.7  Statistical analysis 

a. Acceptance and WTP for a Zika vaccine  

For the statistical analysis, the total raw score for the attitude towards 

childhood vaccination was converted to a 0–100 scale and the then 

dichotomized into two categories: good attitude (score <50) and poor attitude 

(score ≥50), following previous literature [693, 695, 696]. The score of 

acceptance of a Zika vaccine was computed as the sum of the response scores 

from two questions giving a range from 0 to 4. The acceptance was then 

categorized into “willing” and “not willing” based on a 75% cut-off point (i.e. 

score 3 or more classified as “willing”). To assess the explanatory variables 

influencing participants’ Zika vaccine acceptance, a logistic regression model 

was employed. The estimated OR was also interpreted in relation to one of 

the categories, which was designated as the reference category (R).   

 

Explanatory variables influencing participants’ WTP were determined using 

a multivariate linear regression model as described elsewhere [697]. A series 

of diagnostic assessments was conducted to check how well the data met the 

model assumptions used in the multivariate model. To assess 

multicollinearity, heteroscedasticity and residual normality, the Variance 

Inflation Factor (VIF) [684], Glejser test [685] and Kolmogorov-Smirnov test 

[686] were employed, respectively. A VIF value of lower than 10 and a 

tolerance value (1/VIF) of greater than 0.1 was used to define no 

multicollinearity between variables. A cut-off point of p-value greater than 

0.05 in the Glejser test, and Kolmogorov-Smirnov test was used applied to 

indicate no autocorrelation, no heteroscedasticity, and normal distribution of 

residuals, respectively [697].  

 

This initial diagnostic step indicated that the data violated three assumptions: 

heteroscedasticity, autocorrelation and normality of residuals. After 

transforming the WTP values using a natural logarithm function (ln), the 
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model showed better adherence to the aforementioned assumptions. 

Therefore, the transformed WTP value was used in multivariate linear 

regression model. All explanatory variables that were not significant at p< 

0.25 in the initial model were excluded and to achieve the final model, 

backward elimination approach was employed. All associations between an 

explanatory and WTP was also interpreted in relation to reference category 

(R).  

 

The mean estimated WTP in US$ and its 95% CI were calculated as 

  where  was the estimated regression coefficients (B) and 

 was the mean squared error (MSE) of the multivariate model [688, 697].  

 

b. Willingness to participate in a Zika vaccine trial  

Based on the conservative assumption that the WTP rate was 50% with a 

confidence interval of 95% and a 5% margin of error, the minimum sample 

size required was 385. The possible explanatory variables influencing WTP in 

a Zika vaccine trial were explored using a two-step logistic regression 

analysis. All explanatory variables (sociodemographic, attitude towards 

childhood vaccination and support of vaccine) were included in the 

univariate analysis. Explanatory factors with P≤0.25 in this step were entered 

into the multivariate analysis. All estimated ORs were interpreted in relation 

to a reference category (R). All analyses were performed using SPSS for 

Windows (Version 15, Chicago, IL, USA). 

 

3.12 ETHICAL APPROVAL AND RESEARCH PERMIT 

The protocols used in Chapter 4 and Chapter 5 were approved by Ethical 

Clearance Committee of Faculty of Medicine of Syiah Kuala University (FM 

SKU), Banda Aceh, Indonesia (No: 269/KE/FK/2014) and Human Ethics of the 

UWA, Australia (RA/4/1/8550). Studies presented in Chapter 4 and Chapter 5 

that were conducted in Aceh were approved by Aceh Provincial Health Office 
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(No. 443.42/1214/2015). All hospitals approved to be included in study Zainoel 

Abidin Hospital (457/LITBANG/VII/2015), Meuraxa Hospital 

(070/354/DIKLAT/2015), Kesdam Hospital (B/160/VII/2015) and Ibu dan Anak 

Hospital (085/DIKLAT/VII/2015). The study in Jambi (Chapter 4) was approved 

by Jambi Provincial Government (1647/R/BANKESBANGPOL-5.1/XII/2017).  

 

Transportation of the samples from Indonesia to UWA was conducted in 

compliance with Indonesia regulations, the Regulation of the Health Minister 

(Permenkes) No. 657 2009 (Import Permit # IP1429283 and #IP1400709). The 

transportation of the samples from Aceh was regulated under Material Transport 

Agreement (MTA) and Collaborative Research Agreement (CRA) between FM 

SKU and School of Biomedical Science of UWA. The transportation of the 

samples from Jambi was regulated under MTA and CRA between Jambi Siloam 

Hospital and School of Biomedical Science of UWA.  

 

The protocols used in Chapter 6 had been approved Human Ethics of UWA, 

Australia (RA/4/1/5420). The study protocol in Chapter 7 was approved by the 

Ethical Clearance Committee of FM SKU (269/KE/FK/2014). There were two 

discreet cross-sectional studies presented in Chapter 8. Both study protocols, an 

online-based cross-sectional study and a health-facility cross-sectional study, 

were approved by the Ethical Clearance Committee of FM SKU, approval 

19/KE/FK/2016 and 19/EA/FK/2018, respectively.  

 

All study protocols were in compliance with national legislations and all 

activities were carried out in accordance with the Code of the World Medical 

Association (Declaration of Helsinki) for experiments involving humans. Patients 

or parents were informed of the study aims, risks and benefits (APPENDIX  IX). 

All participants signed written informed consent forms prior to enrolment in the 

study (APPENDIX  X). For children participants, written informed consents were 
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received from their parent or guardian (APPENDIX  XI). Participation in this 

study was voluntary and no incentive was given.  

 



     

 

Chapter 4 CURRENT CIRCULATING OF MAJOR ARBOVIRUSES IN INDONESIA 

 

Chapter 4  
 
Current circulating of major 
arboviruses in Indonesia: Results 
from molecular epidemiology 
studies in Aceh and Jambi 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



178 
 

4.1 PREAMBLE  

This is the first of five Result chapters in this thesis. This chapter provides insight 

into currently circulating major arboviruses in Indonesia. Reports of circulating 

DENV and CHIKV in Aceh and Jambi are reported. In addition efforts in 

identifying other aetiological agents (ZIKV) and Leptospira infection) among 

dengue- and chikungunya-negative sera are also reported. The results presented 

in this chapter were generated from two studies: a one-year prospective 

molecular epidemiology study in Aceh (2015) and a one-year prospective 

molecular epidemiology study in Jambi (2016). Details about study setting, study 

sites and methods used in these studies are described in Section 3.7 of Chapter 3. 

The findings and the discussion are divided into three main sections: DENV 

(Section 4.4.1 and Section 4.5.1), CHIKV and ZIKV (Section 4.4.2 and Section 

4.5.2) and leptospirosis (Section 4.4.3 and Section 4.5.3).  

 

4.2 INTRODUCTION 

Dengue, the most important mosquito-borne viral disease in humans, is a major 

international public health concern and is associated with significant morbidity, 

mortality, and economic cost [3, 4]. Since dengue was first documented in 

Indonesia’s capital Jakarta in 1968, it has become prevalent in all provinces of the 

country and is now a major public health problem [7]. Nearly 60% of the 

Indonesian population (250 million) live in areas where DENV is known to be 

circulating. Currently, Indonesia reports the highest average number of dengue 

cases in Asia [7, 8]. The IR of DHF has had a cyclic pattern, with peaks occurring 

approximately every 6–8 years. Although the annual IR of DHF has increased 

significantly over the last five decades, molecular epidemiology data are lacking 

in some regions of Indonesia. Most molecular epidemiology studies were 

conducted in cities on Java Island including Jakarta [214], Semarang [17], 

Sukabumi [216], Surabaya [13, 217, 219, 255, 698], and Purwokerto [218] and Bali 

[213, 302]. Studies outside Java and Bali are limited.  
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Until 2014, there was no published data of circulating DENV in Aceh and Jambi 

province of Indonesia. Aceh was the area most severely affected by the 

earthquake and tsunami of 26 December 2004, and the WHO warned of an 

increased risk of dengue following this disaster. An assessment conducted over 

the period 2003 to 2011 revealed that there was an upward trend of dengue cases 

in Aceh from 2.76 per 100,000 in 2003 to 56.40 per 100,000 in 2011 [121]. In 2012, a 

total of 2,269 cases of DHF were reported in Aceh; the highest case numbers were 

in Banda Aceh, Aceh Besar, Bireuen and Lhokseumawe with 506, 376, 316 and 

300 cases, respectively [699]. In 2014, 2,208 DHF cases were reported to the Aceh 

Provincial Health Office [10]. Although the number of dengue cases has 

increased in this region, molecular epidemiology data are not available. In 

addition, the anticipated licensing of dengue vaccine candidates currently 

undergoing field trials highlights the need for data on current and previous 

circulating DENV serotypes, genotypes, and lineages in target populations, such 

as in Indonesia. Therefore more molecular epidemiology data are needed in 

particular from regions with no available data.  

 

In Jambi, another province located on Sumatra Island of Indonesia, there was 

also a significant increase of DHF cases during 2014, from 638 cases in 2013 

which doubled to 1,308 in 2014 [10, 40]. This figure levelled out in 2015 when 

1,354 dengue cases were reported [119]. This trend was also observed in the 

capital of Jambi Province, and a molecular epidemiology study was conducted 

there to assess the circulating DENV associated with the outbreaks during 2014-

2015 [215]. The study found that all four DENV serotypes co-circulated during 

the outbreaks and  DENV-1 Genotype I was the predominant strain [215]. 

However, because no previous molecular study had been conducted in Jambi, 

the results are hard to interpret in the context of transmission dynamics. For 

example, whether the viruses associated with the outbreaks evolved locally or 

were imported from other places within Indonesian or from overseas. Therefore, 

a follow-up study is important to assess DENV transmission dynamics in Jambi.  
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CHIKV, an Alphavirus of the Togaviridae family, is another endemic arbovirus in 

Indonesia. The first chikungunya outbreak was reported in June 1982 in Jambi 

Province, followed by multiple outbreaks between 1983 and 1984 [117]. Since 

then chikungunya cases were rarely reported in the country before CHIKV re-

emerged in early 2001, and multiple outbreaks have been reported subsequently 

[10, 38-40, 112, 118-124]. Although there is an increase in chikungunya cases in 

the country, molecular epidemiology studies are limited and most of them were 

conducted in Java [44, 45, 515, 517]. During the 2014-2015 dengue outbreaks in 

Jambi [215], molecular epidemiology studies were conducted to identify 

circulating CHIKV as well as other arboviruses [132, 519]. These studies 

identified co-circulation of DENV, CHIKV and ZIKV [132, 519]. Given the fact 

that Aceh and Jambi are located in Sumatra Island and are in close proximately, 

it is also important to determine the presence and circulation dynamics of 

CHIKV and ZIKV in both areas, to clarify circulation dynamics between Aceh 

and Jambi. This is also important with regard to public health as co-circulation of 

arboviruses is likely to cause misdiagnosis and underreporting of infection. 

 

One issue of concern highlighted by molecular epidemiology studies in Jambi 

[215, 519], was that many patients with dengue-suspected patients were not 

confirmed with DENV, CHIKV or ZIKV infection leaving a high percentage of 

acutely ill patients with unknown aetiological agents. Given the fact that 

leptospirosis, caused by infection with bacteria of the genus Leptospira, is often 

under-recognized and commonly confused with dengue in tropical settings [700, 

701], it is important to consider leptospirosis infection among DENV, CHIKV and 

ZIKV triple-negative patients. Leptospirosis is presumed to be the most 

widespread zoonotic infections worldwide and is now identified as a disease of 

public health importance in Southeast Asian countries [702]. Globally, it is 

estimated that there are 1.03 million leptospirosis cases and 58,900 deaths 

annually, with the highest morbidity and mortality observed in South and 

Southeast Asia [703]. In Indonesia, leptospirosis is a highly underestimated 
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continuous health problem [704] and one of the most common causes of acute 

undifferentiated fever [705, 706].  

 

4.3 AIMS OF STUDY  

The aims of this study were:  

a. To determine the serotypes, genotype, lineages and phylogenetic relationship 

of DENV currently circulating in Aceh and Jambi, Indonesia.  

b. To determine the genotypes, lineages and phylogenetic relationship of 

CHIKV currently circulating in Aceh and Jambi, Indonesia.  

c. To determine aetiological agents among DENV- and CHIKV-negative serum 

samples from Aceh and Jambi, including ZIKV and Leptospira.  

 

4.4 RESULTS  

4.4.1  Current Circulating DENV in Aceh and Jambi 

4.4.1.1 Sample characteristics  

Based on National Disease Surveillance data from Directorate General of Disease 

Prevention and Control of the Indonesian Ministry of Health (MoH), there were 

1,509 dengue cases in Aceh in 2015 (Figure 4.1). In this present study, during the 

period of 1 January-31 December 2015, serum samples were collected from 63 

dengue-suspected patients. Dengue-suspected patients were defined as patients 

with fever >38°C accompanied by at least one clinical sign of dengue, such as 

malaise, arthralgia, rash, retro-orbital pain, signs of DHF or DSS. The patients 

were recruited from four hospitals in Aceh’s capital city, Banda Aceh. All sera 

were tested for NS1 enzyme immunoassay (EIA) to determine the presence of 

NS1 antigen, which confirmed 29 (46.0%) cases of DENV infection. Demographic 

characteristics of the dengue cases are presented in Table 4.1.  

 

In Jambi, there was a significant increase of dengue cases during 2014-2015 from 

638 cases in 2013 which doubled to 1,308 in 2014 and to 1,354 in 2015 (Figure 4.1). 

To respond to this significant increase, a molecular epidemiology study was 
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conducted during the period of December 2014–March 2015 [215]. In 2016, as a 

follow-up study, 142 dengue-suspected patients were enrolled from the capital 

city of Jambi Province and 27 were confirmed as dengue cases based on NS1 EIA. 

Demographic and clinical characteristics of the patients are presented in Table 

4.1.  

 
Figure 4.1. Annual dengue cases in Aceh and Jambi, 2011-2017 
Data obtained from National Disease Surveillance database, the Directorate General of 
Disease Prevention and Control of the MoH.  
 
 
Among 56 dengue cases recruited from Aceh (2015) and Jambi (2016), the median 

age was 21.3 years with majority of the patients aged between 21-30 years (33.9%) 

followed by 12-20 years (26.8%) (Table 4.1). There was an equal number between 

male and female cases. Complete clinical histories were available from 43 

patients from both regions.  
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Table 4.1. Demographic and clinical characteristics of dengue cases in Aceh and Jambi  
 

Characteristics Aceh (n=29) Jambi (n=27) Total (n=56)  
Gender     

Male  13 (44.8) 15 (55.6) 28 (50.0) 
Female 16 (55.2) 12 (44.4) 28 (50.0) 

Age (year)    
0-10 3 (10.3) 9 (33.3) 12 (21.4) 
11-20 12 (41.4) 3 (11.1) 15 (26.8) 
21-30 12 (41.4) 7 (25.9) 19 (33.9) 
31-40 2 (6.9) 5 (18.5) 7 (12.5) 
41-50 0 (0.0) 2 (7.4) 2 (3.6) 
>50 0 (0.0) 1 (3.7) 1 (1.8) 

Clinical symptoms      
Fever 16 (100.0) 27 (100.0) 43 (100.0) 
Nausea or vomiting  15 (93.8) 27 (100.0) 42 (97.7) 
Aches and pains 15 (93.8) 12 (44.4) 27 (62.8) 
Retro-orbital pain 10 (62.5) 4 (14.8) 14 (32.6) 
Headache 13 (81.3) 25 (92.6) 38 (88.4) 

Warming signs     
Abdominal pain or tenderness 8 (50.5) 1 (3.7) 9 (20.9) 
Persistent vomiting  0 (0.0) 0 (0.0) 0 (0.0) 
Clinical fluid accumulation 0 (0.0) 0 (0.0) 0 (0.0) 
Mucosal bleeding  4 (25.5) 0 (0.0) 4 (9.3) 
Lethargy  0 (0.0) 0 (0.0) 0 (0.0) 
Liver enlargement  2 (12.5) 0 (0.0) 2 (4.7) 

Severe dengue signs    
Respiratory distress 0 (0.0) 0 (0.0) 0 (0.0) 
Severe bleeding  0 (0.0) 0 (0.0) 0 (0.0) 
Impaired consciousness  0 (0.0) 0 (0.0) 0 (0.0) 

 

The most common reported clinical symptoms were fever, nausea or vomiting, 

headache, and aches and pains (myalgia or arthralgia). Warning signs of dengue 

based on WHO criteria [98] were observed in 12 (27.9%) patients in which 

abdominal pain or tenderness was the most frequent (20.9%) followed by 

mucosal bleeding (9.3%). Of those with a warning sign, the vast majority (11, 

91.6%) were from Aceh in particular from Zainoel Abidin Hospital (8, 66.6%). 

This is not surprising, because this hospital is a provincial referral hospital where 

most of the severe cases were referred. No patient with severe dengue signs were 

observed among recruited patients.  
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4.4.1.2 Serotype distributions of DENV in Aceh and Jambi 

Twenty six of 29 (89.6%) NSI positive samples from Aceh were successfully 

serotyped (APPENDIX  XII). DENV-1 was the predominant virus (11, 40.7%). 

DENV-2 and DENV-3 were present in equal number (7, 25.9%) and no DENV-4 

viruses were detected (Figure 4.2). One co-infection of two serotypes (DENV-2 

and DENV-3) was detected.  

 

In Jambi, 19 of 27 (70.3%) NS1 positive serum samples were serotyped 

(APPENDIX  XII). All four DENV serotypes were found to circulate in Jambi in 

2016 of which DENV-2 was predominant (11, 57.8%), followed by DENV-3 (5, 

26.3%), DENV-1 (2, 10.5%) and DENV-4 (1, 5.2%) (Figure 4.2).  

 

 
Figure 4.2. Serotype distributions of DENV isolated from Aceh and Jambi 
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4.4.1.3 Distribution of DENV genotypes and lineages in Aceh and Jambi  

All NS1 positive sera, from both locations, were cultured. Six (22.2%) and 14 

(51.8%) serum samples from Aceh and Jambi, respectively, were positive after 

second passage (based on the presence of cytopathic effects and/or NS1 EIA). All 

of the culture-positive samples were therefore sequenced and analyzed 

phylogenetically. To obtain more sequences from Aceh samples, viral RNA was 

extracted directly from sera of culture-negative specimens and a pair of PCR 

primers targeting a short fragment of E gene was used. Two additional partial E 

genes, 227 base pairs long, were successfully sequenced, giving a total of 8 

sequences from Aceh among which 5 viruses belong to DENV-1 and 3 sequences 

were DENV-2 (Table 4.2). All DENV-1 viruses belong to Genotype I and all those 

DENV-2 viruses were Cosmopolitan genotype.   

 

In Jambi, 14 E genes were successfully sequenced (2 DENV-1, 8 DENV-2 and 4 

DENV-3). Similar to Aceh, all viruses of DENV-1 and DENV-2 belonged to 

Genotype I and Cosmopolitan genotype, respectively. Phylogenetic analysis 

revealed that all DENV-3 belonged to Genotype I (Table 4.2).  
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Table 4.2 Phylogeny of DENV from Aceh and Jambi  
 

Origin  Sex Age 
(year) 

Collection  
date (D/M/Y) 

Isolate ID Serotype Genotype Lineage E-gene sequence Source of RNA 

Aceh Female 53 27/03/2015 D1/IDN_Aceh_006/2015 DENV-1 I L2 Complete Culture supernatant  
Aceh Female 21 14/09/2015 D1/IDN_Aceh_007/2015 DENV-1 I L2 Complete Culture supernatant  
Aceh Male 19 12/12/2015 D1/IDN_Aceh_014/2015 DENV-1 I L1 Partial (227 bp) Serum  
Aceh Female 11 21/09/2015 D1/IDN_Aceh_021/2015 DENV-1 I L4 Complete Culture supernatant  
Aceh Female 18 29/09/2015 D1/IDN_Aceh_040/2015 DENV-1 I L3 Partial (227 bp) Serum 
Aceh Male 17 14/09/2015 D2/IDN_Aceh_017/2015 DENV-2 Cosmopolitan L2 Complete Culture supernatant  
Aceh Female 27 19/08/2015 D2/IDN_Aceh_036/2015 DENV-2 Cosmopolitan L2 Complete Culture supernatant  
Aceh Female 20 16/16/2015 D2/IDN_Aceh_046/2015 DENV-2 Cosmopolitan L2 Complete Culture supernatant  
Jambi Female 6 07/11/2016 D1/IDN_Jambi_022/2016 DENV-1 I L5 Complete Culture supernatant  
Jambi Male 33 08/08/2016 D1/IDN_Jambi_031/2016 DENV-1 I L5 Complete Culture supernatant  
Jambi Male 6 30/06/2016 D2/IDN_Jambi_021/2016 DENV-2 Cosmopolitan L2 Complete Culture supernatant  
Jambi Male 7 22/07/2016 D2/IDN_Jambi_024/2016 DENV-2 Cosmopolitan L2 Complete Culture supernatant  
Jambi Female 35 22/12/2016 D2/IDN_Jambi_025/2016 DENV-2 Cosmopolitan L1 Complete Culture supernatant  
Jambi Female 43 08/08/2016 D2/IDN_Jambi_029/2016 DENV-2 Cosmopolitan L2 Complete Culture supernatant  
Jambi Male 24 11/08/2016 D2/IDN_Jambi_032/2016 DENV-2 Cosmopolitan L1 Complete Culture supernatant  
Jambi Male 38 24/08/2016 D2/IDN_Jambi_038/2016 DENV-2 Cosmopolitan L2 Complete Culture supernatant  
Jambi Male 23 16/09/2016 D2/IDN_Jambi_043/2016 DENV-2 Cosmopolitan L2 Complete Culture supernatant  
Jambi Female 30 21/11/2016 D2/IDN_Jambi_102/2016 DENV-2 Cosmopolitan L2 Complete  Culture supernatant  
Jambi Male 17 25/09/2016 D3/IDN_Jambi_048/2016 DENV-3 I L1 Complete Culture supernatant  
Jambi Female 9 25/09/2016 D3/IDN_Jambi_049/2016 DENV-3 I L1 Partial (663 bp) Culture supernatant  
Jambi Female 3 07/10/2016 D3/IDN_Jambi_056/2016 DENV-3 I L1 Complete Culture supernatant  
Jambi Male 21 05/12/2016 D3/IDN_Jambi_134/2016 DENV-3 I L1 Complete Culture supernatant  
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a. DENV-1  

Based on DENV-1 classification proposed previously [303], all DENV-1 from 

Aceh and Jambi belong to Genotype I (Figure 4.3). The viruses fell into four 

phylogenetically distinct lineages (Lineage 1-4) and were mixed together with 

sequences from Southeast Asia region. These lineages could be further 

differentiated into two major groups based on the origin of the viruses: 

Indonesian local strains (Lineage 2 and 4) and introduced strains (Lineage 1 

and 3) (Figure 4.3).  

 

Lineage 1 consisted of one virus from Aceh (D1/IDN_Aceh_014/2015). Some 

viruses isolated from Western Australia (WA) travelers in 2016 (discussed in 

Chapter 6) were also fell into this lineage. Interestingly, most members from 

this lineage were viruses isolated from China during 2014-2016 and Malaysia 

(2014) (Figure 4.4). Viruses of this lineage have never been isolated in the 

Indonesian region prior to this present study. Viruses of Lineage 2 

(D1/IDN_Aceh_007/2015 and D1/IDN_Aceh_006/2016), however, clustered 

together with Indonesian strains including those isolated from Jambi and 

other parts of Indonesia (Figure 4.4). The viruses were very close 

phylogenetically with a virus isolated from Jambi in 2014 (KU529696) (Figure 

4.4).  
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Figure 4.3. Phylogenetic tree of DENV-1 isolated from Aceh and Jambi 
The phylogenetic tree was generated using the maximum likelihood method available in 
the RAxML program with GTR+Γ model of 5 viruses from Aceh, 2 viruses from Jambi, 
and 4282 E gene sequences as references (4268 sequences from GenBank and 14 
sequences of viruses sampled from WA travellers during 2016-2017 (Chapter 6)). Some 
phylogenetic clusters have been collapsed to reveal the positions of isolated viruses in 
more detail. All identified viruses belong to Genotype I and clustered into five lineages 
(L1-L5). Pink indicates Aceh linage, blue indicates Jambi lineage. 
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Figure 4.4. DENV-1 Lineage 1 and 2  isolated from Aceh, 2015 
Viruses within Lineage 1 and 2 are shown. DENVs are coloured based on their origin: 
Aceh (pink), WA travellers (red) and from GenBank (black). 
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Similar to Lineage 1, a virus within Lineage 3 was closely related to viruses 

isolated from China in 2007 as well as viruses isolated from Singapore, 

Malaysia and Vietnam during 2005-2006 (Figure 4.5). Lineage 4 virus 

(D1/IDN_Aceh_021/2016) was closely related to Indonesian strains that were 

isolated in 2013 during phase III trials of the CYD tetravalent dengue vaccine 

(KY818093 and KY818091) [12] (Figure 4.5). No more viruses have been 

isolated from this lineage.    

 

Unlike viruses isolated in Aceh, all viruses from Jambi in 2016 

(D1/IDN_Jambi_022/2016 and D1/IDN_Jambi_031/2016) fell into one lineage, 

Lineage 5,  together with those viruses isolated from Jambi during 2014-2015 

(Figure 4.6). Among 107 confirmed dengue cases during the 2014-2015 

outbreak, DHF and DSS occurred in 36% and 2%, respectively; the outbreaks 

were caused by viruses within Lineage 5 [215]. This indicates that the viruses 

associated with 2014-2015 outbreaks in Jambi are continuing to circulate in 

the region as of 2016.  
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Figure 4.5. DENV-1 Lineage 3 and 4 isolated from Aceh, 2015 
Viruses within Lineage 3 and 4 are shown. DENVs are coloured based on their origin: 
Aceh (pink) and from GenBank (black). 
 
 
 
 

L3 

L4 



192 
 

 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.6. DENV-1 Lineage 5 isolated from Jambi, 2016 
Viruses within Lineage 5 are shown. DENVs are coloured based on their origin: Jambi 
(blue) and from GenBank (black). 
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b. DENV-2 

Of three DENV-2 viruses isolated from Aceh and eight from Jambi, all 

belonged to the Cosmopolitan genotype [303] and were further differentiated 

into two phylogenetically distinct lineages (Lineage 1 and 2) (Figure 4.7). 

Lineage 2 consisted of viruses from both regions while Lineage 1 consisted of 

viruses from Jambi only.  

 

Viruses within Lineage 1 (D2/IDN_Jambi_025/2016 and 

D2/IDN_Jambi_031/2016) clustered together with viruses isolated from 

Indonesia including those isolated from Bali, Jakarta, Sukabumi, and from 

other countries such as PNG (Figure 4.8). Interestingly, although these 

viruses were positioned relatively close to the most predominant DENV-2 

isolated during 2014-2015 dengue outbreak in Jambi (Figure 4.8), the 

bootstrap support between these two groups of virus was 83% (well above 

the threshold of  75%) and therefore could classified into two different 

lineages. This suggests a DENV-2 lineage shift in Jambi between 2015 and 

2016.  

 

Lineage 2 included all three DENV-2 from Aceh 

(D2/IDN_Aceh_[017.036.046]/2015) and six viruses from Jambi 

(D2/IDN_Jambi_[021.024.029.038.043.102]/2016). The lineage also included 

viruses isolated during 2014-2015 dengue outbreaks in Jambi as well as other 

viruses from Sumatra and Java such as Purwokerto [707]. This suggest that 

viruses within this lineage are distributed from the westernmost part of 

Sumatra Island to Java Island. Interestingly, viruses of this lineage were also 

isolated from neighbouring countries including Singapore and Malaysia.  
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Figure 4.7. Phylogenetic tree of DENV-2 isolated from Aceh and Jambi  
The phylogenetic tree was generated using the maximum likelihood method available in 
the RAxML program with GTR+Γ model of 3 viruses from Aceh, 8 viruses from Jambi, 
and 3494 E gene sequences as references (3469 sequences from GenBank and 25 
sequences of viruses sampled from WA travellers during 2016-2017 (Chapter 6)). Some 
phylogenetic clusters have been collapsed to reveal the positions of isolated viruses in 
more detail. All identified viruses belong to Cosmopolitan genotype and clustered into 
two lineages (L1-L2). Blue indicates Jambi lineage and green indicates the lineage that 
consists viruses isolated both from Aceh and Jambi.  
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Figure 4.8. DENV-2 Lineage 1 and 2 isolated from Aceh and Jambi 
Viruses within Lineage 1 and 2 are shown. DENVs are coloured based on their origin: 
Aceh (pink), Jambi (blue), WA travellers (red) and from GenBank (black). 
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c. DENV-3 

Four DENV-3 viruses were isolated from Jambi and identified as Genotype I 

[45] (Figure 4.9). All these viruses grouped into one lineage together with 

Indonesian strains that were isolated from various localities including Bali, 

Surabaya, Purwokerto and Jakarta (Figure 4.10). This lineage also included 

the only virus that was isolated (KU529754) during the 2015 dengue outbreak 

in Jambi [215]. This suggests there no change in circulating DENV-3 in Jambi 

between 2015 and 2016. This lineage also consists of viruses isolated in 

Malaysia and Singapore.   
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Figure 4.9. Phylogenetic tree of DENV-3 isolated from Jambi, 2016 
The phylogenetic tree was generated using the maximum likelihood method available in 
the RAxML program with GTR+Γ model of 4 viruses from Jambi and 2054 E gene 
sequences as references (2032 sequences from GenBank and 22 sequences of viruses 
sampled from WA travellers during 2016-2017 (Chapter 6)). Some phylogenetic clusters 
have been collapsed to reveal the positions of isolated viruses in more detail. All 
identified viruses belong to Genotype I and clustered into one lineage (L1).  
 
 
 
 
 
 
 



198 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.10. DENV-3 Lineage 1 isolated from Jambi, 2016 
Viruses within Lineage 1 are shown. DENVs are coloured based on their origin: Jambi 
(blue), WA travellers (red) and from GenBank (black). 
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4.4.2 Currently Circulating CHIKV in Aceh and Jambi 

DENV NS1-negative serum samples from both regions were cultured to isolate 

two significant arboviruses (CHIKV and ZIKV). Of 149 NS1-negative sera (34 

from Aceh and 115 from Jambi), five samples, all from Jambi, showed cytopathic 

effects. RT-PCR showed that three were positive for CHIKV, none for ZIKV 

(Table 4.3).  

 

The E1 gene of the three CHIKV RT-PCR positive samples was successfully 

sequenced and phylogenetic analysis revealed that all three fell into one lineage 

within the Asian genotype (Figure 4.11). The viruses were closely related to those 

previously circulating in the regions of Indonesia such as in Jambi, Bali, Banten 

and those Indonesian viruses sampled from travelers returning to Taiwan, Japan 

as well as to Australia (Figure 4.12).  

 

Furthermore, all isolated viruses were propagated and whole genomes were 

sequenced. Phylogenetic analysis based on full or partial genome sequences 

indicated these viruses were closely related to viruses that circulated in Jambi in 

the previous year (2015) (Figure 4.13). The viruses were also closely related to an 

Indonesian virus imported to Japan in 2015 (LC259091) [708] as well as viruses 

isolated from WA travellers vising Indonesian during period of high 

chikungunya activity in 2013 (Figure 4.13).  
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Table 4.3 List of samples tested by RT-PCR for ZIKV and CHIKV from Jambi 
 

Origin  Sex Age 
(year) 

Collection  
date (D/M/Y) 

ID NS1 EIA RT-PCR 
ZIKV 

RT-PCR 
CHIKV 

Genotype Sequence  

Jambi Male 53 21/11/2016 CHIKV/IDN_Jambi_101/2016 Negative Negative Positive Asian Full genome 
Jambi Female 10 24/11/2016 CHIKV/IDN_Jambi_112/2016 Negative Negative Positive Asian Full genome 
Jambi Female 29 02/12/2016 CHIKV/IDN_Jambi_129/2016 Negative Negative Positive Asian Partial genome 
Jambi Male 10 27/11/2016 CHIKV/IDN_Jambi_119/2016 Negative Negative Negative NA NA 
Jambi Female 23 02/10/2016 CHIKV/IDN_Jambi_055/2016 Negative Negative Negative NA NA 

 
 



201 
 

 
Figure 4.11. E1-based phylogenetic tree of CHIKV isolated from Jambi, 2016 
The phylogenetic tree was generated using the maximum likelihood method available in 
the RAxML program with GTR+Γ model of 3 CHIKV from Jambi and 1435 E1 gene 
sequences as references (1422 sequences from GenBank and 13 sequences of viruses 
sampled from WA travellers in 2013 (Chapter 6). All viruses belong to Asian genotype 
and the viruses are coloured in blue.  
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Figure 4.12. E1-based phylogeny three of CHIKV isolated from Jambi, 2016  
All viruses belong to Asian genotype and closely related to Indonesian viruses including 
those previously circulating in Jambi during 2015. Viruses from Jambi are coloured in 
blue.  
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Figure 4.13. Genome-based phylogeny of CHIKV isolated from Jambi, 2016 
The phylogenetic tree was generated using the maximum likelihood method available in 
the RAxML program with GTR+Γ model of three CHIKV isolated in Jambi in 2016, and 
565 E1 gene sequences as references (560 sequences from GenBank and 5 sequences of 
viruses sampled from WA travellers in 2013 (Chapter 6). Some phylogenetic clusters 
have been collapsed to reveal the positions of the viruses from Jambi. CHIKVs sampled 
from Jambi are coloured in blue.   
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4.4.3 Leptospirosis in Aceh and Jambi 

To investigate other possible aetiological infectious agents among patients with 

negative results for all three targeted arboviruses (DENV, CHIKV and ZIKV), the 

serum samples were tested for the presence of anti-leptospiral IgM and total 

IgM/IgG. In addition, NS1 positive sera from Aceh were also tested to assess co-

circulation of DENV and Leptospira. A total of 174 sera were tested (58 from 

Aceh and 115 from Jambi) and 9 (5.2%) were seropositive for anti-leptospiral IgM 

antibody, indicating current leptospirosis (Table 4.4). In addition, 4 (2.3%) of 174 

samples were seropositive for anti-leptospiral total IgM/IgG. In total, 13 (7.4%) of 

174 samples were seropositive for either anti-leptospiral IgM or total IgM/IgG.   

 

Among 25 DENV NS1 positive sera from Aceh, none were seropositive for anti-

leptospiral IgM antibody; one sample (4.0%) was positive for total anti-

leptospiral IgM/IgG. 

 

Table 4.4. Seroprevalence of anti-leptospiral antibodies of samples from Aceh and 
Jambi 
 

Assay  Site and type of 
serum 

Sample 
available  

Sample tested  
(%) 

Leptospiral antibody (%) 
Negative Positive 

IgM Jambi (n=142)     
 NS1-negative  115 115 (100) 109 (94.8) 6 (5.2) 
 NS1-positive 27 0 (0.0) NA NA 

 Aceh (n=63)     
 NS1-negative 34 34 (100) 31 (91.2) 3 (8.8) 
 NS1-positive* 29 25 (86.2) 25 (100) 0 (0.0) 

 Total 205 174 (84.8) 165 (94.8) 9 (5.2) 
Total IgM/IgG  Jambi (n=142)     

 NS1-negative  115 115 (100) 113 (98.3) 2 (1.7) 
 NS1-positive 27 0 (0.0) NA NA 

 Aceh (n=63)     
 NS1-negative 34 34 (100) 33 (97.1) 1 (2.9) 
 NS1-positive 29 25 (86.2) 24 (96.0) 1 (4.0) 
 Total 205 174 (84.8) 170 (94.8) 4 (2.3) 

* Four samples had insufficient volume to be tested 
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4.5 DISCUSSION  

This study was conducted to determine currently circulating major arboviruses 

in Indonesia (DENV, CHIKV and ZIKV) focusing in Aceh and Jambi. This study 

was the first virological investigation of dengue and chikungunya in Aceh. In 

Jambi, where an assessment of DENV and CHIKV molecular epidemiology had 

been conducted in 2014-2015 [215, 519], this present follow-up study provides 

updated and more detailed information on transmission dynamics of both DENV 

and CHIKV in the region. No CHIKV and ZIKV were isolated among serum 

samples from Aceh and no ZIKV were identified in Jambi. Data on currently 

circulating DENV in both regions and DENV transmission dynamics between 

regions is described. We also confirm continuous co-circulation between DENV 

and CHIKV in Jambi. In addition, Leptospira was identified as an important 

aetiological agent among dengue-suspected patients.  

 

4.5.1 Current Circulating of DENV in Aceh and Jambi 

DENV molecular epidemiology was investigated in Aceh in 2015 and in Jambi in 

2016. Although both regions are located in Sumatra Island, the serotype 

distributions are distinct. In Aceh, DENV-1 was the predominant serotype while 

in Jambi DENV-2 was predominant. DENV-4 was the least predominant serotype 

in both regions. Interestingly, a previous study in Jambi in 2014-2015 found that 

DENV-1 was the predominant serotype followed by DENV-2 [215]. In this 

present study, DENV-2 was the predominant serotype (57.8%). Although 

sampling is a potential bias, there is a possibility that a serotype shift occurred in 

Jambi during 2016.  

 

In addition to differential serotype distributions, distinct DENV lineage 

distributions were observed in Aceh and Jambi. Of four DENV-1 Genotype I 

lineages from Aceh, two (Lineage 1 and Lineage 3) were closely related to viruses 

from China and only one (Lineage 2) shared a common ancestor with viruses 

from Jambi (Figure 4.4 and Figure 4.5). However, the short E gene sequence 
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fragments of the Lineage 1 and 3 viruses (227bp), means the phylogenetic 

relationship may not be robust. Nevertheless, there are some reasons to support 

the close relationship of viruses between Aceh and China. Aceh Province is 

located next to North Sumatra Province where Chinese is the fourth biggest 

ethnicity, most living in Medan, the capital city North Sumatra, with a high 

population mobility. There are frequent flights between Medan and cities in 

China via Kuala Lumpur of Malaysia and Singapore (Figure 4.14). In addition 

there are direct flights between Aceh’s capital Banda Aceh and Penang of 

Malaysia. This transport pattern supports virus movement between Aceh in 

Indonesia, and China. However, no E gene sequence are available from North 

Sumatra; the only available sequences are four NS1 gene sequences (2 DENV-2, 1 

DENV-3 and 1 DENV-4) [287]. A brief analysis using Dengue Genographic 

Viewer [303] indicated that except for DENV-3, all of those viruses isolated from 

North Sumatra Province are closely related with viruses isolated in China.  

 

In contrast, all DENV-1 isolated from Jambi in 2016, which grouped as Lineage 5, 

were closely related with viruses that circulated in Jambi in previous years (2014-

2015) (Figure 4.6). All viruses within Lineage 5 were associated with virulent 

2014-2015 dengue outbreaks in Jambi in which DSS occurred in 2% of 107 

confirmed dengue patients [215]. Interestingly, no DENV-1 isolated from Aceh 

belong to this lineage indicating distinct DENV-1 circulated in Aceh in 2015, not 

closely related with the viruses circulating in Jambi during 2014-2015. There are 

no direct flights between Aceh and Jambi and flights between Medan and Kuala 

Lumpur in neighbouring Malaysia are far more frequent than between Medan 

and Jambi, within Indonesia. This pattern of population movements supports our 

data regarding distinct DENV circulation patterns between geographically 

distinct areas in Indonesia.  
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Figure 4.14. Flight patterns between Aceh and Jambi   
The arrows indicate the main flight routes between Aceh, Jambi and neighbour localities. 
Red dot indicates location of Medan, the capital of North Sumatra Province. Medan is the 
largest city in Sumatra Island and has major international flight routes connected to 
neighbouring dengue endemic areas, especially Malaysia and Singapore. There is no 
direct flight between Aceh and Jambi Province.  
 

In contrast with DENV-1, DENV-2 and DENV-3 are more homogeneous. All 

DENV-2 from Aceh and Jambi grouped into Cosmopolitan genotype, the most 

common genotype in Indonesia and neighbouring countries. All DENV-2 viruses 

clustered with local Indonesian strains. The same pattern was observed for 

DENV-3: all isolated viruses from Jambi belonged to Genotype I and clustered 

with Indonesian viruses including those that circulated during 2014-2015 dengue 

outbreaks in Jambi.  

 

4.5.2 CHIKV Circulation in Aceh and Jambi 

Although multiple chikungunya outbreaks have been reported in Indonesia [10, 

38-40, 112, 118-124], CHIKV molecular epidemiology studies on Sumatra Island 
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are limited. In the present study in Aceh (2015) and Jambi (2016), CHIKV was 

successfully isolated and sequenced from Jambi, and not from Aceh. 

Phylogenetic analyses based on E1 or whole genomes  revealed that all three 

isolated viruses were Asian genotype and clustered with Indonesian CHIKV 

strains isolated from a wide range localities such as Sumatra, Java and Bali, 

including viruses that circulated in Jambi in 2015 (Figure 4.12 and Figure 4.13).  

 

This study confirmed continuous co-circulation of DENV and CHIKV in Jambi as 

reported previously [519]. Together, these data provide insight that DENV and 

CHIKV co-circulation may occur in many places in Indonesia, a pattern that has 

been reported in other regions [44, 525]. Continuous and sustainable 

transmission of CHIKV in Jambi could add the burden of DENV infection in 

particular owing to the absence of confirmatory laboratory testing for CHIKV in 

most hospitals in Indonesia. The findings from this study emphasize the 

importance of laboratory testing for CHIKV among dengue-suspected patients.  

 

The lack of confirmatory laboratory testing for CHIKV and similarity of dengue 

and chikungunya clinical presentation indicates chikungunya incidence and 

mortality is underreported. No chikungunya-associated deaths have been 

recorded in country since the disease was officially recognized by MoH  

Indonesia in 1973 [112]. Since 2004, chikungunya has been included in the 

National Diseases Surveillance run by MoH and has been reported in the Annual 

Report of Indonesia Health Profile, the formal annual report from MoH  

Indonesia, since 2005 [112]. In the National Guideline of Prevention and Control 

of Chikungunya from MoH [709], there are no clear criteria for assessing or 

reporting chikungunya-related deaths that should be included in the surveillance 

system. In addition, as illnesses caused by CHIKV and DENV infection are 

clinically indistinguishable and not all reported dengue cases in Indonesia are 

confirmed by laboratory testing, there is a possibility that chikungunya-related 

deaths may be wrongly attributed to dengue as a consequence of the 
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prioritization of dengue surveillance. Inconsistencies in the MoH reporting 

system reflect that chikungunya is not a priority disease in Indonesia, that there 

is poor surveillance and an insufficient reporting system. For example 

chikungunya was excluded from the 2016 MoH Annual Report [710] and was 

included in the 2017 Annual Report [711]. MoH should provide clear criteria for 

chikungunya-associated deaths in the national guidelines and institute a clear 

reporting system. In addition, in outbreaks, active surveillance might be required 

to reduce underreporting of chikungunya deaths in the country.  

 

4.5.3 Leptospirosis in Aceh and Jambi 

Leptospirosis is caused by Leptospira sp. and the bacteria can be divided into 

numerous serovars based on agglutination assay [702]. Although leptospirosis is 

presumed to be the most widespread zoonotic infection globally, infection is still 

widely underreported [702]. In Indonesia, leptospirosis is a highly 

underestimated continuous health problem [704] and studies related to this 

infection are limited, especially among dengue-suspected patients.    

 

In the present study, the overall seroprevalence of anti-leptospiral IgM and total 

IgM/IgG was 7.4% in Aceh and Jambi. This is comparable with a previous studies 

Indonesia [705, 706, 712]. For example a study conducted in Papua found that 

8.8% out of 226 of patients with acute, non-malaria, febrile illnesses were positive 

for leptospirosis by PCR during 1997-2000 [713]. Co-infection between dengue 

and leptospirosis were also observed [713]. A more recent study in Semarang 

(Central Java Province) found that 9.4% of 137 samples collected from acute 

undifferentiated fever patients were seropositive for leptospirosis [705]. Data 

from Central Veterinary Research in Bogor during 2002-2004, found that 124 

(10.8%) of 1146 serum samples collected from leptospirosis-suspected patients 

from various regions in Indonesia were seropositive [712]. Furthermore, data 

from the same centre found that the most prevalent serevoar in cows was hardjo 
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(64.4%), tarassovi (30.2%), pomona (6.7%), australis (3.1%), rachmati (3.1%) and 

bataviae (2.7%) [712]. 

 

Although Indonesia is classified as a country with moderate annual IR (1 to 10 

case per 100,000 population) together with Malaysia, Malaysia and the 

Philippines [704], the WHO suggests that leptospirosis is a greatly 

underestimated continuous health problem in the country [714]. The WHO 

prediction seems to be true because based on 2006-2016 data from MoH, 

leptospirosis data were only available from 8 (24.2%) of 33 provinces, mostly 

from provinces located in Java Island. This emphasizes that leptospirosis is still 

underreported in most regions including Aceh and Jambi. In Aceh for example, 

between 2005 and 2016, only 49 leptospirosis cases were reported in 2006 and no 

cases have ever been reported from Jambi prior to the present study. Data from 

provinces that have reported leptospirosis cases show that CFR is relatively high, 

ranging between 5.1 and 17.7%. Leptospirosis case numbers and CFR in 

Indonesia are presented in Figure 4.15.  

 

 
Figure 4.15. Number of cases and CFR of leptospirosis in Indonesia, 2006-2016 
Data obtained from MoH Indonesia.  
 

Underreporting of leptospirosis in Indonesia occurs for reasons including non-

specific clinical features, lack of laboratory testing and unreliable rapid 
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diagnostic tests [703, 715, 716]. Reliable screening and confirmatory laboratory 

testing is needed to support diagnosis of leptospirosis in Indonesia, including 

accurate cheap and rapid diagnostic tests.  

 

4.6 CHAPTER SUMMARY  

For this study, 29 and 27 confirmed dengue patients were recruited in Aceh and 

Jambi, respectively. DENV-1 was the predominant serotype identified in Aceh 

while DENV-2 was predominant in Jambi. In total, 22 whole or partial E genes 

were successfully sequenced (5 DENV-1 and 3 DENV-2 from Aceh; 2 DENV-1, 8 

DENV-2 and 4 DENV-3 from Jambi). Phylogenetic analysis showed that all 

DENV-1 viruses and DENV-2 from both regions belonged to Genotype I and 

Cosmopolitan genotype, respectively and all DENV-3 viruses from Jambi fell into 

Genotype I. Some viruses in particular DENV-1 displayed distinct lineage 

distribution, where two DENV-1 lineages from Aceh were more closely related to 

viruses from China instead of Jambi. In contrast, DENV-2 from both regions and 

DENV-3 from Jambi were all closely related to Indonesia local strains.  

 

In this study three CHIKV, all from Jambi, were sequenced. Phylogenetic 

analyses based on E1 or genomes showed all viruses belonged to Asian genotype 

and clustered closely with Indonesian CHIKV strains including those previously 

circulating in Jambi in 2015, confirming continuous and sustainable transmission 

of CHIKV in the region. This emphasises the importance of simultaneous testing 

for CHIKV among dengue-suspect patients.  

 

Although Aceh and Jambi never reported leptospirosis cases to MoH in the last 

decade, this study identified a substantial (7.4%) seroprevalence of anti-

leptospiral IgM or total IgM/IgG among dengue-suspected patients in Aceh and 

Jambi. These data emphasize underreporting of leptospirosis cases in both 

regions mainly due to non-specific clinical features, lack of laboratory tests and 
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unreliable rapid diagnostic tests. The study underscores the need for rapid, 

cheap, and reliable diagnostic testing for leptospirosis in the country. 
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5.1 PREAMBLE  

This is the second of five Result chapters in this thesis. In this chapter, 

seroprevalence of major arboviruses in Indonesia is described. Virus-specific 

NAb against DENV, ZIKV, and RRV are presented. For CHIKV, total antibody 

was measured using a HI assay. Results are derived from serum samples 

collected from healthy residents of Aceh Province, Indonesia. Detailed methods 

used in chapter are described in Section 3.8 of Chapter 3. The results in this 

chapter are divided into four sections: participants’ characteristics (Section 5.4.1), 

prevalence of DENV NAb (Section 5.4.2), prevalence of ZIKV NAb (Section 

5.4.3), and prevalence of RRV NAb and total antibody for CHIKV (Section 5.4.4). 

Discussions are also divided into four sections: prevalence of DENV NAb 

(Section 5.5.1), prevalence of ZIKV NAb (Section 5.5.2), prevalence of RRV NAb 

and total antibody for CHIKV (Section 5.5.3), and study limitations (Section 

5.5.4).  

 

5.2 INTRODUCTION 

Dengue was reported for the first time in Indonesia in 1968 [7, 178] and is 

endemic in the country. Dengue molecular epidemiology studies have been 

conducted in major Indonesian cities and regions, including Bali [213], Jakarta 

[214], Jambi [215], Makassar [188], Semarang [17], Sukabumi [216], Surabaya 

[217], and Purwokerto [218]. Although these studies have been important in 

determining the current circulating DENV serotypes, genotypes and lineages, 

these studies are unable to provide information on history of dengue infection. In 

addition, population antibody prevalence data is important as an indicator of the 

magnitude of dengue infection and informs dynamic transmission models. A 

recent study using sera collected during 2014 in Indonesia found that 98.6% of 

serum samples neutralized one or more DENV serotypes and 50.9% neutralized 

more than one serotype [717]. However, only 23 sera from Aceh were included in 

the study. Therefore, a more comprehensive study using representative serum 

samples from Aceh was conducted.  



215 
 

Zika, caused by ZIKV, is a re-emerging public health threat. Multiple outbreaks 

of microcephaly-associated Zika cases have been reported since its re-emergence 

in 2007 [47-50, 718]. Microcephaly associated with ZIKV infection has been also 

reported in Asian countries [719-721]. The presence of ZIKV in Southeast Asia 

has been confirmed by detection of the virus in Ae. aegypti mosquitoes in 

Malaysia in 1966 [608]. Recent autochthonous transmission of ZIKV has been 

confirmed in the region such in Thailand [722], the Philippines [723], Vietnam 

[724], Cambodia [725], Indonesia [132], Malaysia [726] as well as travellers 

returning from the Southeast Asian countries [727]. However, only one large 

outbreak has been reported in the region, in Singapore in 2016 [596]. It has been 

hypothesized that the background herd immunity to ZIKV or cross-protection by 

antibodies against other flaviviruses might have prevented the development of 

large ZIKV outbreaks [728]. A recent study in Nicaragua revealed that recent 

DENV infection was significantly associated with decreased risk of symptomatic 

ZIKV infection although both prior and recent DENV infection did not affect the 

rate of total ZIKV infections [729].  

 

In Indonesia, although there has not been a known Zika outbreak, there is 

evidence of ZIKV transmission [54-59, 132]. A recent modelling study ranked 

Indonesia as the third country most at risk for ZIKV exposure due to the monthly 

volume of airline travellers [61]. These studies indicate Zika is potentially a major 

health problem in Indonesia. However, only one study has been conducted to 

assess the ZIKV-specific antibody response in Indonesia [56] and the number of 

samples included from Aceh province was very limited. Therefore, more data 

regarding ZIKV seroprevalence in westernmost regions in Indonesia is required 

to enhance our understanding of previous ZIKV infection in the country.   

 

Chikungunya, another endemic arbovirus in Indonesia, was reported for the first 

time in 1973 in the country [112] although  there was evidence to suggest that 

CHIKV has been circulated since 1779 [115, 116]. Assessment of CHIKV 
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seroprevalence, specifically measurement of NAb by PRNT is limited in 

Indonesia. Most seroprevalence studies assessed anti-CHIKV IgM or IgG, or total 

antibodies [45, 117, 118, 512, 513, 525]. Only one study assessed  anti-CHIKV 

NAb using PRNT [113]. RRV is closely related to CHIKV. It is a member of genus 

Alphavirus of the family Togaviridae and was isolated for the first time from a 

human in 1972 in Australia [730]. Both RRV and CHIKV belong to the Semliki 

Forest virus antigenic complex  group together with Semliki forest virus, BFV, 

Getah virus (GETV), O'nyong-nyong virus and others [731]. Although both of 

these viruses are closely related, CHIKV has spread to almost 40 countries 

worldwide including Indonesia [502] while it is believed that RRV is endemic 

only in Australia and PNG. RRV is the most common arboviral disease in 

Australia where approximately 5000 cases are reported annually [732]. Previous 

studies have suggested  that RRV was introduced to the Pacific region during 

1970s and was associated with massive outbreaks during 1979-1980 in American 

Samoa [733], Fiji [734], and the Cook Islands [735]. Following those epidemics, 

RRV has not been thought to circulate outside Australia and PNG. 

 

However, current evidence indicates that RRV is circulating outside of Australia 

and PNG. A study in American Samoa found that 63% of serum  samples 

collected in 2010 from individuals born after 1980 and who had no history of 

travel outside the territory were seropositive for RRV [736]. In French Polynesia, 

during 2011-2013, among blood donors born after 1981 and who have never 

travelled abroad, 37% were seropositive for RRV [737]. Another study of blood 

samples collected during 2014-2015 also identified RRV seropositivity in French 

Polynesia [738]. Altogether these studies indicate silent RRV transmission 

occurred in the Pacific region after the 1979-1980 epidemics. In Indonesia, there 

was evidence of previous RRV circulation from serum samples collected during 

1969-1972 in easternmost regions of Indonesian archipelago such as Maluku, 

Ambon and Papua [113]. However, there was no evidence of RRV circulation in 

the western region of Indonesia. This is could be because the viruses do not 
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circulate or this viral infection is neglected. To better understand infection history 

of those arboviruses, in particular ZIKV and RRV, the presence and magnitude of 

virus-specific NAb responses were assessed using PRNT.  

 

5.3 AIMS OF STUDY  

The aims of the study were:  

a. To determine the prevalence of DENV NAb responses in healthy residents of 

Aceh, Indonesia. 

b. To determine the prevalence of ZIKV NAb responses in healthy residents of 

Aceh, Indonesia. 

c. To determine the prevalence of RRV NAb responses and the prevalence of 

total CHIKV-antibodies in healthy residents of Aceh, Indonesia. 

 

5.4 RESULTS  

5.4.1 Participants’ Characteristics   

In this study, seroprevalence of DENV, ZIKV and RRV were measured using 

PRNT, and CHIKV seroprevalence measured using HI assay. Serum samples 

used in this study were collected from 199 residents of two sub-districts within 

Aceh Jaya regency of Aceh in 2017.  

 

The majority of participants from whom serum samples were collected were 

female, 129 (64.8%) vs. 70 (35.2%) male. There was an approximately equal 

number of participants for age group 11-20, 31-40 and 41-50 years old, 

approximately 22.5% for each group. However, there was a low number of 

participants, 27 (13.6%), aged between 21-30 years old. The number of 

participants for other age groups was less than 10% each (5.5% for <10 years old, 

9.5% for 51-60 years old and 3.0% for >60 years old). Detailed distribution of 5-

years interval age groups and gender are provided in Figure 5.1. Due to the low 

number of individuals for each age group using 5-year intervals, 10-year 

intervals were used for further analyses. 
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Figure 5.1. Number of participants based on age and gender (n=199) 
The proportion of female is higher for almost all age groups. There was a single 
participant aged younger than five years old, and five and six individuals for age groups 
56-60 and >61 years old, respectively.   
 
 
5.4.2 DENV-Specific NAb Profile 

5.4.2.1 Prevalence of DENV NAb  

PRNT profiles were determined using PRNT50, PRNT75, and PRNT90 endpoints.  

Furthermore, for each threshold, PRNT profiles were classified using two inverse 

dilutions: 10 and 40. Dengue is considered to be hyperendemic in Indonesia [717] 

and most serum samples were collected from adults; therefore, most of whom 

were assumed to have experienced multiple previous DENV infections. The 

proportion of anti-DENV NAb-positive individuals is presented in Table 5.1. 

Using the standard cut-off point [717], PRNT50 >10, DENV NAb responses 

against at least one serotype were detected in all samples. The highest proportion 

of samples were reactive against DENV-4 followed by DENV-1 while the lowest 

was for DENV-3 and DENV-2. At PRNT50 >10, 99.5% of samples were 

seropositive for DENV-1 while 99.0% and 96.0% of samples were seropositive for 
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DENV-2 and DENV-3, respectively. NAb against DENV-4 were detected in all 

serum samples.    

 

Table 5.1 Proportion of DENV NAb-positive sera at different thresholds 
 

Threshold and cut-off  DENV-1 
n (%) 

DENV-2  
n (%) 

DENV-3  
n (%) 

DENV-4  
n (%) 

PRNT50     
1:10 198 (99.5) 197 (99.0) 191 (96.0) 199 (100.0) 
1:40 192 (96.5) 181 (91.0) 168 (84.4) 198 (99.5) 
PRNT75         
1:10 196 (98.5) 186 (93.5) 176 (88.4) 199 (100.0) 
1:40 172 (86.4) 132(63.3) 131 (65.8) 180 (90.5) 
PRNT90         
1:10 190 (95.5) 151 (75.9) 156 (78.4) 190 (95.5) 
1:40 111 (55.8) 45 (22.6) 68 (34.2) 97 (48.7) 

 
 

5.4.2.2 DENV infection status  

Sera were categorized as naïve, monotypic or multitypic based on interpolated 

NAb titers at PRNT50 as follows: (a) naïve, if NAb titers were <10 for all four 

serotypes; (b) monotypic, if NAb titers were >10 for only one serotype or if titers 

were ≥10  for different serotypes, with a single serotype having a high titer (>80  

and >5 times higher than other serotype titers); and (c) multitypic, if the titers 

were ≥10 for different serotypes without a single predominant titer [717]. Using 

this classification, samples with interpolated NAb titer <10 were given the value 

1 and those with NAb titer >160 were given the value of 160. Using this 

algorithm, none of the samples had a naïve response. Multitypic NAb responses 

were observed in 198 (99.5%) samples and one sample had monotypic response 

for DENV-4 (Figure 5.2A). When the threshold was increased to PRNT75 >10, 

multitypic infections were observed in 193 (96.9%) sera (Figure 5.2B). Monotypic 

profiles were observed in 4 samples for DENV-4 and 1 sample for DENV-1, from 

individuals aged 12-20 years old. Another DENV-1 monotypic profile was 

observed for a participant within the 21-30 years age group. No monotypic 

infection was observed among those aged more than 30 years old, and multitypic 

profiles were predominantly observed for DENV-4 followed by DENV-1. These 
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findings are also true when the threshold was increased to PRNT90 >10 (Figure 

5.2C). 
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Figure 5.2. Status of DENV infection by age group (n=199) 
Status of individuals with naïve, monotypic, or multitypic infection classified using three thresholds (PRNT50, PRNT75, and PRNT90 at >10). For each 
threshold, all monotypic infections were observed in individuals younger than 30 years old.   
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5.4.2.3 GMT of DENV NAb titers  

Interpolated NAb titers were determined using a non-linear regression curve at 

three different thresholds, PRNT50, PRNT75, and PRNT90 (Figure 5.3A-C). NAb 

GMTs were calculated for each DENV serotype. Using a standard threshold, 

PRNT50, DENV-4 had the highest GMT (147.5) followed by DENV-1 (137.7), 

DENV-2 (109.9) and DENV-3 (83.9) (Figure 5.3A). This order did not change 

using a higher PRNT75 threshold (Figure 5.3B). However, using PRNT90, DENV-1 

had the highest GMT followed by DENV-4, DENV-3 and DENV-2 (Figure 5.3C).  

 

 

Figure 5.3. GMT of DENV NAb titers with different thresholds (n=199) 

To calculate NAb GMTs for each serotype, individual NAb titers were interpolated using 
non-linear regression curve for each threshold: PRNT50 (A), PRNT75 (B), and PRNT90 (C). 
Highest GMTs were observed for DENV-4. 
 

GMTs for each DENV serotype were stratified based on age and gender, and 

increased with age for all serotypes for all three thresholds (Figure 5.4). This 

pattern, typically seen in dengue-endemic areas, was more clear for DENV-2 and 

DENV-3. At PRNT50, the GMTs for DENV-1 and DENV-4 were greater than 120 

for all age groups (Figure 5.4). 
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Figure 5.4. GMT stratification by age (n=199) 

DENV NAb GMTs for each age group for all serotypes were calculated based on three 
thresholds PRNT50, PRNT75, and PRNT90. GMTs increased with age.  
 
 



224 
 

NAb GMTs were not influenced by gender for all four DENV serotypes at all 

thresholds (Figure 5.5). Although GMTs were slightly lower among female 

participants, in particular for DENV-1 and DENV-4, t-test analyses revealed that 

differences were not statistically significant.  

 

 
 
Figure 5.5. GMT stratification by gender (n=199) 

NAb GMTs titers for each DENV serotype, for males and females, were calculated at 
three thresholds PRNT50, PRNT75, and PRNT90. There was no significant difference 
between genders for all serotypes. 
 

5.4.3 ZIKV-Specific NAb Profile 

5.4.3.1 Prevalence of ZIKV NAb 

To assess ZIKV seroprevalence, serum samples were screened for total anti-ZIKV 

antibodies using HI assay. Sufficient volume was available to test 196 of 199 

serum samples.  HI titers ≥10 were obtained for 117 (59.6%) samples (range 1:10 - 

1:640) (Figure 5.6A). ZIKV-specific NAb was measured by PRNT for 116/117 
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seropositive samples with sufficient volume for testing. NAb titers at three 

thresholds (PRNT50, PRNT75, and PRNT90) are depicted in Figure 5.6B.  

 

 
Figure 5.6. Distribution of anti-ZIKV HI and NAb titers 

Anti-ZIKV HI titers ≥10 were obtained for 117 of 196 serum samples (A). NAb titers of 
seropositive sera were measured using PRNT and were interpolated at three thresholds 
(PRNT50, PRNT75, and PRNT90) (B).  
 

ZIKV seropositivity has been defined as PRNT50 ≥10 [739, 740]. However, 

because the closely related Flavivirus DENV is endemic in Indonesia, a higher 

threshold, PRNT90, is recommended. Because this is an explorative study, six 

criteria that were used earlier for DENV (Section 5.4.2) were adopted. The 

proportion of NAb-positive sera for each cut-off are presented in Figure 5.7. At 

threshold PRNT50 >10, NAb were detected in all specimens while a total of 113 

(97.4%) and 73 (62.9%) serum samples were seropositive at PRNT75 >10 and 

PRNT90 >10, respectively. At the highest cut-off, PRNT90 >40, 7 (6.0%) specimens 

were seropositive for ZIKV (Figure 5.7). 
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Figure 5.7. ZIKV NAb-positive sera at different thresholds (n=116) 

In this explorative study, ZIKV seropositive sera were classified using a combination of 
six cut-offs (three threshold of plaque reductions percentage and two cut-offs for serum 
dilutions). 
 
 
To explore age distribution, ZIKV seropositive samples were stratified based 

on 10-year age intervals (Figure 5.8A-B). There was a trend that percentage 

seropositivity was higher among older participants at higher NAb threshold 

(Figure 5.8C-D). For example at the highest cut-off point, PRNT90 >40, more 

than 20% of samples from participants aged 51-60 and >61 years old were 

ZIKV-positive while the percentage of positive sera was very low for younger 

age groups.  
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Figure 5.8. Proportion of ZIKV NAb positive sera based on age groups 

The number (A-B) and the percentage (C-D) of ZIKV-seropositive sera were calculated 
using six combinations of cut-off (PRNT50, PRNT75 and PRNT90 at >10 and >40). The 
numbers on the top of the bar graphs (A-B) indicate the total number and percentage 
of seropositive sera for each cut-off. Most ZIKV seropositive serum samples at higher 
cut-off point were obtained from older participants.  
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5.4.3.2 GMT of ZIKV NAb titers 

ZIKV Nab GMTs were also calculated using the three different thresholds 

PRNT50, PRNT75, and PRNT90. Distributions of NAb titers of all samples are 

presented in Figure 5.9A. At threshold PRNT50, the GMT was 40.9, decreasing to 

26.7 and 10.3 for PRNT75 and PRNT90, respectively (Figure 5.9A).   

 

When GMTs were stratified based on gender, there was no significant difference 

between male and female for each threshold with p=0.343, p=0.251, p=0.223, for 

PRNT50, PRNT75, and PRNT90, respectively (Figure 5.9B). However, GMTs 

increased with age. For example, at PRNT90, GMT for individuals aged 1-10 years 

old was 6.63, increasing to 10.39 for the middle age group (31-40 years old), and 

to 18.12 for the oldest group (>61 years old) (Figure 5.9C).  

 
Figure 5.9. GMTs of ZIKV NAb titers  

Interpolated NAb titer for all serum samples was determined using non-linear regression 
curve and the GMTs were calculated at three thresholds (PRNT50, PRNT75, and PRNT90) 
(A).  NAb GMTs stratified by gender (B) and age (C) for each threshold. NAb was 
slightly higher in female compared to male but not statistically significant. GMTs 
increased by age.  
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5.4.3.3 Confirmation of ZIKV infection  

To confirm the validity of ZIKV infection among ZIKV seropositive samples at 

the highest threshold (PRNT90), confirmation step with stringent criteria was 

conducted. In Indonesia, due to cross-reactivity between DENV and ZIKV, it was 

recommended that serum samples were classified to: (a) ZIKV seropositive, if 

ZIKV PRNT90 titers >4-fold higher than all DENV serotype PRNT90 titers; and (b) 

Flavivirus seropositive, if ZIKV NAb are present but at PRNT90 titers <4-fold 

higher than any DENV PRNT90 titer [56]. The distribution of both DENV NAb 

and ZIKV NAb titers at PRNT90 for all 116 serum samples and the GMTs NAb 

titers for all four DENV serotype and ZIKV are presented in Figure 5.10A. In this 

study, at threshold PRNT90, 73 and 7 samples had NAb titers >10 and >40, 

respectively. Using the new criteria, none of the samples were ZIKV seropositive. 

However, 76 (65.5%) samples were classified as Flavivirus seropositive. Detailed 

NAb titers for DENV and ZIKV for all 116 serum samples are presented in 

APPENDIX  XIII.  

 

Detailed profiles of seven sera with ZIKV NAb titer >40 at PRNT90 were explored 

(Figure 5.10B and Table 5.2). When dengue infection background was assessed, 

all seven sera had multitypic anti-DENV NAb responses at PRNT50 >10  (Table 

5.2). However, PRNT90 >40 for both DENV and ZIKV indicated that two of 

samples, ID #71 and #119, were classified as naïve for DENV infection and 

seropositive for ZIKV and thus suggestive of ZIKV infection.   
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Figure 5.10. NAb titers for ZIKV and DENV at PRNT90 (n=116) 

ZIKV NAb titers and corresponding DENV NAb titers were plotted to analysis dengue 
infection background and GMTs were calculated (A). Seven serum samples with ZIKV 
NAb titers >40 and DENV NAb titers were plotted individually and GMTs calculated (B). 
Using recommended criteria, none of the samples can be classified as ZIKV seropositive. 
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Table 5.2. Comparison of DENV and  ZIKV NAb-positive sera  
 

ID Age 
(Year) 

Gender PRNT90 titer for DENV [1/dil] Status of dengue infection  Zika measures [1/dil] Infection status* 
DENV-1 DENV-2 DENV-3 DENV-4 PRNT90 >10 PRNT90 >40 HI titer PRNT90 titer 

A-157 53 Female 100.05 120.75 >160 >160 Multitypic  Multitypic 640 93.119 Flavivirus seropositive 
A-52 63 Female 39.19 11.55 36.86 100.23 Multitypic DENV-4 160 89.746 Flavivirus seropositive 
A-97 60 Female 104.86 43.27 57.94 117.66 Multitypic Multitypic 320 67.247 Flavivirus seropositive 
A-71 53 Male 32.43 16.61 31.40 36.67 Multitypic Naïve  80 57.835 Flavivirus seropositive 
A-119 22 Female 27.48 36.11 29.55 39.67 Multitypic Naïve 80 55.986 Flavivirus seropositive 
A-94 50 Female >160 24.31 28.42 89.72 Multitypic Multitypic 40 51.872 Flavivirus seropositive 
A-13 55 Male 48.83 24.40 15.89 160.00 Multitypic DENV-4 40 45.076 Flavivirus seropositive 

*ZIKV seropositive: ZIKV PRNT90 titers >4-fold higher than all DENV serotype. Flavivirus seropositive:  ZIKV NAb are present but at titers <4-fold higher 
than any DENV NAb titer [56]. 
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5.4.4 RRV-Specific NAb and CHIKV Total Antibody 

5.4.4.1 Prevalence of RRV NAb  

 Of 199 serum samples, 4 sera had insufficient volume to be tested for RRV PRNT 

leaving a total of 195 serum samples. RRV NAb prevalence of samples were also 

categorized based on PRNT profiles at three thresholds: PRNT50, PRNT75, and 

PRNT90. In this explorative study, for each threshold three cut-offs using two 

inverse dilutions were used: 10, 20 and 40. The proportion of RRV NAb-positive 

sera at each cut-off point are presented in Figure 5.11. All sera were seropositive 

at threshold PRNT50 at all serum dilution cut-offs (>10, >20 and >40). The 

proportion of RRV seropositive sera decreased to 162 (83.7%), 110 (56.4%) and 45 

(23.1%) at threshold PRNT90 at >10, >20 and >40, respectively.  

 

Figure 5.11. Proportion of RRV NAb-positive at different thresholds (n=195) 
RRV seropositivity was determined using nine cut-off points (three plaque reduction 
percentages and three serum dilutions). At the most stringent cut-off, PRNT90 >40, 45 
(23.1%) serum samples were RRV seropositive.  
 
 
Distribution of PRNT90 by age and gender was assessed. When cut-off was 

increased from PRNT90 >10 to PRNT90 >40, the proportion of negative sera 

increased almost equally for all age groups (Figure 5.12A-C). The percentage of 

serum that became RRV NAb negative ranged between 35.6-55.5% when the 

positive criteria increased from PRNT90 >10 to >20 (Figure 5.12B). Again, the 
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percentage of RRV seronegative individuals increased almost equally when the 

cut-off was increased to PRNT90 >40, except for the oldest age group (Figure 

5.12C). Although most of the participants in this study were female, there was no 

association between gender and RRV NAb seropositivity (Figure 5.12D).    

 
Figure 5.12 Age and gender distribution of RRV seropositive sera at PRNT90 (n=195) 
Distribution of age and gender were explored at cut-off PRNT90 >10, >20 and >40. The 
number of RRV NAb negative and positive sera for each cut-off were calculated (A-C). In 
addition, the percentage of negative sera were provided (the percentage numbers on the 
top bar of panel A-C) to assess the changes at each cut-off. Data indicate that the 
percentage of negative-sera increased approximately equal for each age group. 
Distributions of gender were also provided for each cut-off (D). The percentages on the 
top bar of panel D represent the proportion of female.  
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5.4.4.2 GMT of RRV NAb titers 

RRV NAb GMTs were calculated at three different thresholds: PRNT50, PRNT75, 

and PRNT90. PRNT50 GMT of total samples was 156.8, decreasing to 109.1 at 

PRNT75 and to 18.7 at PRNT90. (Figure 5.13A). GMTs were not influenced by 

gender at all three thresholds (Figure 5.13B). Although levels were slightly lower 

among male, in particular at PRNT75 and PRNT90, t-test analyses indicated that 

there was no statistical significance with p=0.225, p=0.230 and p=0.871 for PRNT50, 

PRNT75, and PRNT90, respectively. GMTs were not associated with age at all 

thresholds although they were slightly increased with age for PRNT75 (Figure 

5.13C).  

 

 

Figure 5.13. GMT of RRV NAb titers  
Interpolated NAb titer for all serum samples was determined using non-linear regression 
and GMTs were calculated at three thresholds (PRNT50, PRNT75, and PRNT90) (A). GMTs 
were stratified by gender (B) and age (C) for each threshold.  
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5.4.4.3 Confirmation of RRV infection 

CHIKV, a Togavirus that is phylogenetically and antigenically closely related to 

RRV, is endemic in Indonesia. Therefore, the highest threshold, PRNT90, was 

used to define serostatus as RRV seropositive or RRV-seronegative. Ideally, all 

serum samples should be assessed for neutralization capacity to distinguish 

between CHIKV and RRV infection. However, CHIKV NAb titers were not 

available because in Australia this requires a biosafety level-3 facility and time 

constraints prevented this analysis from being undertaken. Instead, the cut-offs 

plasma dilution increased to >40, >80 and >100. Using this criteria, 45 out of 195 

(23.1%) of serum samples had RRV NAb titers >40. Of 195 serum samples tested 

by anti-CHIKV HI, 122 (62.6%) were negative with titer <10 and 73 (37.4%) were 

positive with titer ≥10 (Figure 5.14).  

 

 
Figure 5.14. Distribution of HI titers for CHIKV (n=195) 
 
 
Of 122 samples with CHIKV HI titers <10, 24, 8 and 4 samples had RRV NAb 

titers 40, 80 and 100, respectively. These samples are considered RRV 

seropositive. A complete list of serum samples with CHIKV HI titers <10 and 

RRV NAb PRNT90 >40 and corresponding CHIKV HI titers is presented in Table 

5.3.  
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Table 5.3. List of samples with CHIKV HI <10 and RRV Nab PRNT90 titer >40  
 

Sample ID Age (year) Gender CHIKV HI titer RRV NAb titer  (PRNT90) 
A-77 39 Male <10 >160 
A-79 16 Male <10 >160 
A-65 24 Male <10 119.2 
A-71 53 Male <10 107.8 
A-94 50 Female <10 100.8 
A-169 40 Female <10 88.1 
A-33 8 Male <10 87.4 
A-60 14 Male <10 84.3 
A-182 49 Female <10 78.7 
A-62 17 Female <10 75.7 
A-41 40 Female <10 68.5 
A-188 36 Female <10 66.9 
A-66 40 Female <10 65.3 
A-36 44 Female <10 65.2 
A-30 45 Male <10 62.4 
A-166 50 Female <10 60.5 
A-126 14 Male <10 50.9 
A-95 40 Female <10 49.8 
A-189 10 Male <10 46.5 
A-164 40 Female <10 45.6 
A-16 27 Female <10 45.4 
A-86 16 Female <10 44.5 
A-57 18 Female <10 44.1 
A-76 42 Male <10 43.4 

 

 
5.5 DISCUSSION  

5.5.1 Prevalence of DENV-Specific NAb 

In this cross-sectional study, DENV seroprevalence was assessed among healthy 

inhabitants from sub-urban areas in Aceh Province, Indonesia. PRNT data were 

obtained from 199 individuals with a mean of age of 33.1 years. Using a 

threshold PRNT50 >10, all sera neutralized one or more DENV serotype; 198 

(99.4%) showed a multitypic profile and a single sample was monotypic for 

DENV-4. These data indicate dengue is hyperendemic in this region. The results 

from this study are comparable with seroprevalence data among children (mean 

age of 9.6 years) from urban areas in Indonesia in which 98.6% out of 765 samples 

neutralized one or more DENV serotype using the same threshold [717]. In their 

study, multitypic profiles were observed in 50.9% of the samples [717] while in 
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the present study 99.4% of samples had multitypic infection. This is not 

surprising because the participants in the present study were older, with 75.2% of 

them aged 20 years or older.  

  

In this present study, using different thresholds (PRNT50, PRNT75, and PRNT90, at 

>10) no monotypic infection was observed in participants aged more than 30 

years old. In addition, NAb GMTs titer increased with age indicating likely long 

term dengue circulation in the area. This classic pattern has also been observed in 

many studies in endemic and hyperendemic countries including India [741], Sri 

Lanka [742], Vietnam [743], and Mexico [744]. Our data confirm hyperendemic 

dengue circulation has occurred for a long time, likely many decades, in Aceh 

Province, Indonesia. A study in Yogyakarta, Central Java, in 1995 found that 

56.2% of 1,837 children aged between 4-9 years old had PRNT70 NAb titers >60. 

Altogether, these data indicate that dengue has been hyperendemic in different 

regions of Indonesia with intense transmission for decades and continuing until 

recent years.  

 

Data from this present study indicate that 100% of samples were positive for 

DENV-4 with fewer samples (191; 96%) seropositive for DENV-3. NAb GMTs of 

all four serotypes indicate that DENV-4 demonstrated the highest values and  

DENV-3 the lowest, suggesting differential DENV serotype predominance in 

Aceh. However, predominance could not be elucidated clearly because the 

proportion of monotypic infections was low. Interestingly, although a previous 

study in Indonesia found that DENV-2 had the highest GMT and DENV-4 the 

lowest when monotypic infections were sub-analyzed for each province, DENV-4 

was predominant in Aceh [717]. Of 14 provinces assessed in that study, DENV-4 

predominance was observed in Aceh only while in other provinces DENV-1, 

DENV-2, and DENV-3 or a combination of these serotypes were dominant, with 

DENV-2 dominance being more common [717]. Altogether, these findings 

indicate that distribution of predominant serotypes varies by region in Indonesia. 
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Given this diversity of dengue exposure history, it is not surprising that the rates 

of symptomatic infection, and also the pattern of outbreaks, vary across 

Indonesian localities, although not entirely influenced by serotype distributions.  

 

Furthermore an investigation during a 2012 dengue outbreak in Aceh revealed 

that DENV-4 was the most frequent serotype using RT-PCR serotyping (9 

samples were DENV-4, 3 were DENV-1, 2 were DENV-2, and 2 were DENV-3) 

[262]. DENV-4 viruses were isolated from 4 of 5 investigated regencies while 

DENV-1, DENV-2 and DENV-3 viruses were isolated from three, one and two 

regencies, respectively. DENV-4 viruses were not isolated from Simeulue 

regency, an island regency which is far from the main island of Sumatra [262].  

 

5.5.2 Prevalence of ZIKV-Specific NAb 

Various thresholds have been used previously to define ZIKV infection, for 

example PRNT50 ≥10 [739, 740]. However, the high degree of structural and 

nucleotide sequence homology between ZIKV and other flaviviruses [745] 

means discriminating ZIKV infection in samples from dengue hyperendemic 

backgrounds is challenging especially if the samples were collected from adults. 

The WHO recommend the use of PRNT90 threshold as the gold standard 

confirmatory assay for ZIKV serology [746]. Previous studies have used 

endpoints of PRNT90 ≥10 [747, 748] or ≥20 [749, 750]. In this study, at threshold 

PRNT90 >10, >20 and >40 there were 75 (64.6%), 20 (17.2%) and 7 (6.0%) samples 

classified as ZIKV seropositive. However, because serum samples used in this 

study had multiple exposures to DENV (Section 5.4.2.1), interpretation is more 

complex.  

 

Using a criterion for ZIKV seropositivity that has been used previously in 

Indonesia, ZIKV-specific PRNT90 >4-fold higher than any anti-DENV NAb titer 

[56], none of the serum samples were positive for ZIKV infection. Nevertheless 

more than 75% of the specimens were Flavivirus seropositive. One of the reasons 
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for this high percentage of nonspecific Flavivirus seropositivity is because 75.2% 

of participants in this study were aged 20 years old or older and 100% of the 

participants have been exposed to at least one DENV serotype. A previous study 

in Aceh in 2014, using serum samples collected from 20 children aged between 1-

18 years, found that none of samples were confirmed as ZIKV seropositive nor 

Flavivirus seropositive [56]. Nevertheless, using stringent criteria of PRNT90 >40 

(Table 5.2), the possibility of ZIKV infection could not be neglected in particular 

for samples A-71 and A-119. If the same threshold was used to diagnose ZIKV 

and DENV, PRNT90 at >40, those two samples would be classified as naïve for all 

four DENV serotype and seropositive for ZIKV - suggesting a true ZIKV 

infection.  

 

The possibility of DENV and ZIKV co-infection cannot be ruled out. In one 

study, when ZIKV NAb titers were measured 12-19 months later after illness 

onset among PCR-confirmed Zika cases, only 70.1% of 62 samples could  be 

diagnosed as ZIKV infection based on the described criteria [751]. Furthermore 5 

(8%) samples had DENV NAb titer >4-fold higher than ZIKV NAb titer [751]. 

Due to this fact, diagnosing ZIKV based on the criteria ZIKV PRNT90 titer >4-fold 

higher than that for any DENV NAb titer potentially underreports Zika cases in 

dengue endemic areas. Furthermore, cross-reactivity between ZIKV and DENV 

not only is a diagnostic dilemma but also probably has clinical consequences. An 

in vitro study found that DENV-induced antibodies enhance ZIKV infection in 

FcγR bearing monocytic cell line [752]. In addition, other studies have reported 

that anti-DENV antibodies may enhance ZIKV infection through the process of 

ADE of infection [753-756]. Although growing evidence also suggests that prior 

DENV has a protective role in ZIKV infection [757-760] and studies in rhesus 

macaques [761, 762] and humans [763] do not support ZIKV enhancement, other 

studies have suggested that protection or enhancement in ZIKV infection may 

depend upon the level of anti-DENV antibodies present [753]. Nevertheless, 

improvements in the immunological measurement of ZIKV and DENV exposure 
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in humans and those that are able to discriminate ZIKV and DENV infection are 

needed. 

 

5.5.3 Prevalence of RRV-Specific NAb  

This is the first study to assess the prevalence of RRV-specific NAb in the western 

part of Indonesia. Previously there was evidence of RRV circulation from serum 

samples collected during 1969-1972 in easternmost regions of Indonesian 

archipelago such as Maluku, Ambon and Papua [113]. However, there was no 

evidence of RRV circulation in the western region of Indonesia. In this study, 45 

out of 195 (23.1%) of samples were RRV positive at threshold PRNT90 >40, of 

which 24 had CHIKV HI titer <10 suggesting RRV transmission in Aceh Province, 

the westernmost region of Indonesia archipelago. This is not surprising, because 

other evidence also shows that RRV is currently circulating in other places in the 

region outside of Australia and PNG [736-738]. After massive RRV outbreaks in 

Pacific regions during 1979-1980 [733-735], current data suggest that RRV is 

circulating in American Samoa [736] and French Polynesia [737, 738]. During 

2003-2004, there were also two 2 RRV cases identified among two Canadian 

travellers returning from Fiji [764]. Altogether, these findings indicate active 

circulation of RRV outside of Australia and PNG in current times.   

 

There are some reasons that make RRV transmission possible in Indonesia. 

Although Ae. camptorhynchus, Ae. vigilax, and Culex annulirostris are the most 

important vectors for RRV, the virus has been recorded from 42 species  

mosquitoes [732] and Ae. aegypti, Ae. albopictus, two endemic mosquitos in 

Indonesia, are susceptible to infection and capable for RRV transmission [765-

767]. Given the fact that RRV antibodies have been detected in the easternmost 

part of Indonesia between 1969-1972 [113], that RRV viruses have been 

introduced from endemic country to non-endemic places [733-735] and have 

been able to establish autochthonous transmission [736-738], and that the 

transportation system is modernized, it is very likely that the viruses also have 
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been introduced to other regions of Indonesia. Finally, the reservoirs for RRV are 

present in Indonesia. Although the natural host of the virus are thought to be 

nonmigratory Australian native macropodids, such as kangaroos and wallabies, 

several domestic and wild animals that endemic in Indonesia such as horses, 

dogs, cats and possums are also able to serve as reservoirs for RRV [732].  

 

The question that remains is why introduction of RRV to Pacific region cause 

massive outbreaks in some countries during 1979-1980 [733-735] while there was 

no report of RRV case or outbreak in Indonesia? One of the important fact is 

although Indonesian Ministry of Health recognised CHIKV for the first time in 

1973 in Samarinda (Kaliamantan or Borneo Island), evidence from historical 

reports suggest the virus has circulated since 1779 [115, 116]. Whether this 

CHIKV infection background results in cross-protection to RRV infection in 

Indonesian population, there are no clear data. Nevertheless, in Pacific region, 

before RRV outbreaks occurred during 1979-1980 [733-735], there were no 

reported chikungunya cases until 2011 [527, 768]. Therefore, this naïve CHIKV 

infection background may make the population more susceptible for RRV 

infection. Although there is no clear evidence of cross-protection between CHIKV 

and RRV, animal models studies indicated cross-protection among Alphavirus 

members [769, 770].   

 

The RRV NAb observed in this study may be cross-reactive with GETV, another 

Semliki Forest group virus that is closely related with RRV. GETV was isolated 

for the first time in Malaysia in 1955 from Culex spp. mosquitoes and is widely 

distributed from Eurasia to Australasia [771]. A study among serum samples 

collected since 1972 found that one out of 199 samples from Borneo (Kalimantan) 

island was seropositive [772]. Another study also suggested GETV circulation in 

Papua based on analysis of archival sera collected in 1956 [113]. While these 

studies found evidence of seropositivity in humans in Queensland, PNG and 
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Papua (Indonesia) [113, 772], it is thought that these may have been due to cross-

reactions with RRV.  

 

5.5.4 Study Limitations 

Due to the difficulty in identifying plaque-inducing strains of DENV-3 and 

DENV-4, for use as target viruses in dengue PRNTs in this study (see Section 

3.8.3.1), only two serotypes (DENV-1 and DENV-2) were contemporaneous 

endemic Indonesian viruses. The WHO reference strains DENV-3H-87 and DENV-

4H-241, isolated in 1956, were used. Using WHO references strains for dengue 

PRNT is widely accepted. In this study, most serum samples were collected from 

participants aged five years old or older. This means that most of samples had 

multitypic infection profiles and it is difficult to determine the current 

predominant serotypes. Therefore, analysis of samples from a younger 

population is required for better discrimination of predominant DENV serotypes.   

 

5.6 CHAPTER SUMMARY  

All four DENV serotypes have been circulating in Aceh prior to 2017 with 

DENV-4 as the predominant serotype. DENV-4 had the highest mean NAb titers 

followed by DENV-1, DENV-2 and DENV-3. All respondents had already been 

exposed to one or more DENV serotype by the age of 30 years. This indicates 

DENV is hyperendemic in the region. Among 116 sera that had ZIKV HI titer 

≥10, 20 were reactive at a threshold of PRNT90 >20 and 7 at PRNT90 >40. However 

when ZIKV seropositivity was classified based on previous criteria [56], none of 

the samples were ZIKV seropositive but 76 (65.5%) samples were classified as 

Flavivirus seropositive. This study demonstrated for the first time the presence of 

NAb against RRV in sera collected from the westernmost region on Indonesian 

archipelago. Using a threshold PRNT90, 24 of 195 (12.3%) serum samples had an 

RRV NAb titer >40 and had a CHIKV HI titer <10.  
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6.1 PREAMBLE  

This is the third of five Result chapters in this thesis. In this chapter the 

movements of DENV and CHIKVt o WA are reported. The importation of DENV 

during 2016-2017 and CHIKV during 2012-2017 were assessed using acutely ill 

WA travelers returning from Indonesia as sentinels and viruses were isolated 

and characterized. Detailed methods used in this study are described in Section 

3.9 of Chapter 3. The findings and the discussion of this chapter are divided into 

two main sections: DENV (Section 6.4.1 and Section 6.5.1) and CHIKV (Section 

6.4.2 and Section 6.5.2). In addition, a discussion on the potential for dengue and 

chikungunya emergence in Australia is presented (Section 6.5.3).  

 

6.2 INTRODUCTION 

Dengue, the most important mosquito-borne viral disease in humans, is a major 

international public health concern and associated with significant morbidity, 

mortality, and economic cost [3, 4]. Since dengue was first documented in 

Indonesia’s capital Jakarta in 1968, it has become prevalent in all provinces of the 

country and is now a major public health problem [7]. Nearly 60% of the 

Indonesian population (250 million) live in areas where DENV is known to be 

circulating.  

 

In Australia, transmission of DENV is currently restricted to urban areas of north 

Queensland and the Torres Strait where Ae. aegypti, the main vector for 

DENV, remains well established. However, modernization of transportation 

systems accounts for enhancing importation of DENV from endemic countries 

such as Indonesia to Australia by overcoming natural barriers of travel time and 

geography. The number of imported dengue cases was increased significantly by 

298% and 155% in 2010 and 2011, respectively compared to the five year mean 

[773]. The increase is not only the number of cases but also the number of 

affected areas as well as the proportion of imported cases [773, 774]. Indonesia is 

one of the source countries of dengue imported to Australia [77, 189, 773, 774], 
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where more than half of all imported dengue cases were acquired in Indonesia 

[773, 774]. Introduction of DENV by returning travelers has caused regular 

outbreaks in Australia [775-777]. 

 

In WA, the westernmost state of Australia, dengue outbreaks were reported in 

northern parts of the state up until the mid-1940s but Ae. aegypti were eradicated 

completely by the end of the 1960s [775]. Currently, there is no native mosquito 

species that have potential to transmit DENV in the state [778]. Although 

autochthonous DENV circulation does not occur in WA, the state has reported 

the highest number of dengue cases in the country in recent years [774, 779]; 

approximately 80% of these imported cases were acquired in Bali [773]. Bali is 

one of the most popular tourist destinations for inhabitants of WA especially 

after new budget airlines recently began offering affordable Bali package 

holidays. Before 2006 the annual average of dengue was 14 cases, this increased 

significantly to 558 cases in 2015 [780]. 

 

Dengue is notifiable disease in WA and continuous molecular dengue 

surveillance has been conducted since 2000 to monitor DENV movements to the 

state from the Asia Pacific region. Analysis of DENV imported by returned 

travelers to WA has identified a DENV-2 Cosmopolitan genotype, endemic 

lineage that evolved locally in Bali [77].  Emergence of this lineage was associated 

with major dengue outbreaks in Bali during 2011-2012 [77]. This virus was then 

exported to other Asian and European countries in subsequent years [221, 224]. 

In 2015, this lineage continued to circulate in Bali and was detected among local 

dengue patients [213]. As this lineage is associated with major dengue outbreaks 

[77] and introduction of new lineages to unaffected regions might cause more 

severe forms of dengue [204, 205, 209, 210], the spread of this lineage should 

clearly be monitored. Therefore, continuous surveillance using WA returning 

travellers will provide valuable and timely information of: (a) characteristics of 

DENV that are introduced to WA; (b) current circulating DENV in Indonesian 
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regions; and (c) transmission dynamics of virulent DENV lineages in the Asia 

Pacific region.   

 

CHIKV is another endemic arbovirus in Indonesia. The first chikungunya 

outbreak was reported in June 1982 in Jambi province of Sumatra Island, 

followed by multiple outbreaks between 1983 and 1984 [117]. Since then 

chikungunya cases were rarely reported in the country, before CHIKV re-

emerged in early 2001. Multiple outbreaks have been reported subsequently [10, 

38-40, 112, 118-124] of which two nation-wide outbreaks have been recorded, 

during 2009-2010 and in 2013 with 137,655 and 15,324 cases, respectively [38-40]. 

 

Modernization of transportation systems has also contributed to the global 

expansion of CHIKV, to areas with or without competent mosquito vectors. 

Current data suggest that CHIKV-infected travellers have been documented in 

more than twenty countries throughout Asia, Europe, and North America [781]. 

In Australia, data from the National Arbovirus and Malaria Advisory Committee 

indicated that between 2008 and 2014, there were 327 chikungunya cases in the 

country and almost 40% originated from Indonesia [78, 79, 81, 83, 84, 298]. The 

most striking finding is that there was a significant increase in chikungunya cases 

during 2012-2013 from 20 cases in the previous year [79] to 96 cases in 2012-2013 

[78].  

 

Although a high number of chikungunya cases have been reported in Australia, 

data on the molecular characteristics of CHIKV imported to Australia is limited. 

Currently, fewer than 20 imported CHIKV sequences are available on GenBank 

[782-784]. Most were isolated from travellers who returned from the Philippines 

(2014-2016, n=2) and Indonesia (2011, n=2) and one sequence from Mauritius 

(2006), Malaysia (2008), Timor-Leste (2010), PNG (2013), Bangladesh (2017),  

Kiribati (2015), Samoa (2014), Caribbean (2014), and India (2016, n=1) [782, 783].  
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Chikungunya was included as notifiable infectious disease in WA for the first 

time in May 2008, and since that time the average incidence was six cases 

annually until 2012.  In 2013, the case count increased significantly to 51 cases 

from January to September [785]. Of these cases, the great majority (92%) 

originated from Indonesia of which 94% had been to Bali [785]. The trend of 

imported chikungunya cases in WA and Australia seemed to follow the 

incidence pattern of infection in Indonesia where national surveillance also 

indicated a significant increase of chikungunya during 2012-2013 [40]. To the best 

of our knowledge, only three Indonesian CHIKVs have been characterized by 

sequencing of their whole genome during 2013, including viruses exported to 

Russia [518] and Japan [708]. Given the increasing number of chikungunya cases 

imported into WA and a lack of understanding of the genomic characteristics of 

imported CHIKV, a study to characterise the genome of Indonesian CHIKV 

imported to WA over time was undertaken.  

 

This study was conducted to determine the movements of circulating Indonesian 

DENV and CHIKV to WA and to monitor the transmission dynamics of 

predominant DENV lineages using acutely ill WA travellers as sentinels.   

 

6.3 AIMS OF STUDY  

The aims of this study were:  

a. To determine the serotypes, genotypes, lineages and phylogenetic 

relationship of DENV imported to WA by travelers returning from Indonesia. 

b. To determine the genotypes, lineages and phylogenetic relationship of 

CHIKV imported to WA by travelers returning from Indonesia. 

c. To monitor the transmission dynamic and distribution of predominant 

lineages of DENV using acutely ill WA travellers as sentinels.   
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6.4 RESULTS  

6.4.1  Movements of Indonesian DENV to WA 

6.4.1.1 Samples characteristics 

Data from the  WA Notifiable Infectious Diseases Database (WANIDD), 

Communicable Disease Control Directorate, Department of Health, indicate that 

between 1 January 2016 and 31 December 2017, there were 739 imported DF 

notifications [786]. In this surveillance system both confirmed and probable cases 

are included. Case definitions for both confirmed and probable cases, based on 

WHO criteria, have been published elsewhere by WA Department of Health 

[787]. There were 558 and 181 DF cases with annual crude rate of 21.1 and 6.6 per 

100,000 population in 2016 and 2017, respectively [786]. Of these cases, 191 

(34.2%) and 35 (19.3%) sera from 2016 and 2017, respectively, that were  NS1 

antigen and PCR serotyping positive, were cultured for DENV isolation. The 

monthly number of DF notifications and the number of sera included in the 

study are presented in Figure 6.1. On average, every month, 29.8% sera from DF 

cases were included in the study.  

 

 
Figure 6.1. Monthly number of imported DF cases in WA and serum samples included 
in the study, 2016-2017 
The data of DF notifications were obtained from WA Department of Health.   

 

There was a sharp decrease in DF notifications in WA in 2017 compared to 2016 

(558 vs. 181) and this continued to decrease in 2018 (137 cases). The pattern of DF 

case notifications observed in WA followed the notification of dengue 
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haemorrhagic fever (DHF) cases reported by Ministry of Health (MoH) of 

Indonesia (Figure 6.2). DHF cases in 2017 decreased from 201,885 cases in 2016 to 

59,047 cases with IR 77.9 and 22.5 per 100,000 population, respectively [710, 711]. 

DHF cases in Indonesia for 2018 have not published by MoH of Indonesia.  

 

 

Figure 6.2. Dengue notification in WA and Indonesia, 2014-2018 
Data obtained from WA Department of Health and MoH of Indonesia indicate that DF 
incidence in WA followed the pattern of DHF cases in Indonesia.  
 

6.4.1.2 Origin of imported DENV to WA  

During 2016-2017, 67 DENVs were successfully isolated and/or sequenced (58 in 

2016 and 9 in 2017). In 2016, out of 58 DENVs, 48 (82.7%) originated from 

Indonesia of which 37 (77.1%) were from travellers returning from Bali (there 

were data on origin for the remaining viruses although it is possible they were 

also from Bali). One virus was imported from Solomon Islands and from an 

unspecified Pacific nation; one each from Thailand and from an unspecific 

Southeast Asian country, and six with unknown origin (Table 6.1 and Figure 

6.3). All DENV-1 (11 viruses), 19 out of 22 DENV-2, 13 out of 19 DENV-3 and 5 

out of 6 DENV-4 were isolated from travellers who returned from Indonesia.  
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Figure 6.3. Origin of DENV imported to WA, 2016-2017 
 
 
In 2017, a low number of dengue cases was reported in WA, and RNA extraction 

was carried out directly from 31 sera that yielded negative culture results. Nine 

DENVs were successfully sequenced, of which four yielded partial E gene only. 

Among the nine sequenced viruses, only two viruses (DENV-1 and DENV-3) 

were isolated from travelers known to have returned from Bali; six samples 

originated in East Timor, Vietnam, Solomon Island, Thailand, Malaysia and 

India; and travel history was unknown for the 9th DENV (Table 6.1).  
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Table 6.1 Geographic origin and phylogeny of DENV imported to WA, 2016-2017 
 

No  Sex Age 
(year) 

Collection  
date (D/M/Y) 

Origin IgM Serotype Isolate ID Genotype Lineage 

1 Female 53 27/03/2016 Bali Negative DENV-1 D1/IDN_Bali_502/2016 I L5 
2 Female 48 31/03/2016 Bali Negative DENV-1 D1/IDN_Bali_506/2016  I L4 
3 Male 52 31/03/2016 Bali Negative DENV-1 D1/IDN_Bali_507/2016  I L4 
4 Female 25 04/02/2016 Indonesia Negative DENV-1 D1/IDN_Unknown_509/2016  I L4 
5 Female 32 15/04/2016 Indonesia Negative DENV-1 D1/IDN_Unknown_514/2016 I L5 
6 Male 35 25/04/2016 Bali Negative DENV-1 D1/IDN_Bali_517/2016  I L2 
7 Female 31 28/04/2016 Bali Negative DENV-1 D1/IDN_Bali_519/2016  I L3 
8 Female 43 07/06/2016 Bali Negative DENV-1 D1/IDN_Bali_554/2016  I L5 
9 Male 9 29/06/2016 Bali Negative DENV-1 D1/IDN_Bali_566/2016  I L5 
10 Female 59 27/05/2016 Bali Negative DENV-1 D1/IDN_Bali_581/2016  I L4 
11 Female 47 27/06/2016 Bali Positive DENV-1 D1/IDN_Bali_644/2016 I L5 
12 Female 14 02/07/2017 Vietnam Negative DENV-1 D1/Vietnam_680/2017 I L1 
13 Male 1 20/01/2017 Indonesia Positive DENV-1 D1/IDN_Unknown_684/2017 I L5 
14 Male 45 06/05/2017 East Timor Negative DENV-1 D1/East_Timor_689/2017 I L2 
15 Female 10 24/01/2016 Bali Negative DENV-2 D2/IDN_Bali_482/2016  Cosmopolitan L4 
16 Male 34 30/01/2016 Bali Negative DENV-2 D2/IDN_Bali_483/2016  Cosmopolitan L4 
17 Male 21 18/02/2016 Bali Negative DENV-2 D2/IDN_Bali_489/2016  Cosmopolitan L4 
18 Female 23 26/02/2016 Bali Negative DENV-2 D2/IDN_Bali_491/2016  Cosmopolitan L4 
19 Female 51 28/02/2016 Bali Negative DENV-2 D2/IDN_Bali_492/2016  Cosmopolitan L4 
20 Female 62 03/04/2016 Unknown Negative DENV-2 D2/Unknown_493/2016 Cosmopolitan L5 
21 Male 42 14/03/2016 Unknown Negative DENV-2 D2/Unknown_496/2016 Cosmopolitan L4 
22 Female 45 21/03/2016 Unknown Negative DENV-2 D2/Unknown_498/2016  Cosmopolitan L4 
23 Male 51 22/03/2016 Unknown  Negative DENV-2 D2/Unknown_499/2016 Cosmopolitan L6 
24 Male 18 25/03/2016 Bali Negative DENV-2 D2/IDN_Bali_501/2016  Cosmopolitan L6 
25 Female 58 29/03/2016 Bali Negative DENV-2 D2/IDN_Bali_505/2016  Cosmopolitan L4 
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No  Sex Age 
(year) 

Collection  
date (D/M/Y) 

Origin IgM Serotype Isolate ID Genotype Lineage 

26 Female 49 04/03/2016 Bali Negative DENV-2 D2/IDN_Bali_510/2016  Cosmopolitan L2 
27 Female 34 08/04/2016 Bali Negative DENV-2 D2/IDN_Bali_512/2016  Cosmopolitan L4 
28 Male 41 02/05/2016 Unknown Negative DENV-2 D2/Unknown_521/2016 Cosmopolitan L5 
29 Female 42 28/04/2016 Bali Positive DENV-2 D2/IDN_Bali_541/2016  Cosmopolitan L4 
30 Male 30 22/04/2016 Bali Positive DENV-2 D2/IDN_Bali_544/2016  Cosmopolitan L4 
31 Female 31 12/06/2016 Bali Negative DENV-2 D2/IDN_Bali_558/2016  Cosmopolitan L4 
32 Male 70 21/06/2016 Bali Negative DENV-2 D2/IDN_Bali_561/2016  Cosmopolitan L4 
33 Female 25 21/03/2016 Bali Negative DENV-2 D2/IDN_Bali_579/2016  Cosmopolitan L6 
34 Female 51 26/08/2016 Bali Negative DENV-2 D2/IDN_Bali_600/2016  Cosmopolitan L7 
35 Female 34 14/10/2016 Bali Negative DENV-2 D2/IDN_Bali_664/2016  Cosmopolitan L1 
36 Male 41 03/05/2016 Indonesia Negative DENV-2 D2/IDN_Unknown_672/2016 Cosmopolitan L5 
37 Female 20 17/07/2017 Unknown Negative DENV-2 D2/Unknown_673/2017 Cosmopolitan L4 
38 Female 41 15/01/2017 Solomon Islands Negative DENV-2 D2/Solomon_Islands_674/2017 Cosmopolitan L3 
39 Male 66 20/06/2017 Thailand Negative DENV-2 D2/Thailand_688/2017 Cosmopolitan L7 
40 Male 37 15/02/2016 Pacific Island  Negative DENV-3 D3/Pacific Island_488/2016 I L1 
41 Female 53 09/03/2016 Unknown Negative DENV-3 D3/Unknown_495/2016 I L3 
42 Female 60 24/03/2016 Bali Negative DENV-3 D3/IDN_Bali_500/2016 I L3 
44 Male 31 27/03/2016 Bali Negative DENV-3 D3/IDN_Bali_502/2016 I L4 
43 Female 26 29/03/2016 Thailand Negative DENV-3 D3/Thailand_503/2016 I L3 
45 Male 32 18/04/2016 Bali Negative DENV-3 D3/IDN_Bali_515/2016 I L3 
46 Male 12 25/04/2016 Bali Negative DENV-3 D3/IDN_Bali_518/2016 I L3 
47 Male 48 03/05/2016 Bali Negative DENV-3 D3/IDN_Bali_520/2016 I L4 
48 Male 60 05/05/2016 Bali Negative DENV-3 D3/IDN_Bali_522/2016 I L3 
49 Female 16 25/04/2016 Bali Positive DENV-3 D3/IDN_Bali_539/2016 I L3 
50 Female 41 10/05/2016 Bali Positive DENV-3 D3/IDN_Bali_542/2016 I L5 
51 Female 40 05/06/2016 Indonesia Negative DENV-3 D3/IDN_ Unknown _552/2016 I L2 
52 Male 54 06/06/2016 Unknown  Negative DENV-3 D3/Unknown_553/2016 I L2 
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No  Sex Age 
(year) 

Collection  
date (D/M/Y) 

Origin IgM Serotype Isolate ID Genotype Lineage 

53 Male 56 08/06/2016 Solomon Islands Negative DENV-3 D3/Solomon_Islands_555/2016 I L1 
54 Male 35 17/01/2016 Unknown Negative DENV-3 D3/Unknown _559/2016 I L2 
55 Female 54 20/06/2016 Bali Negative DENV-3 D3/IDN_Bali_560/2016 I L2 
56 Female 36 25/06/2016 Indonesia Negative DENV-3 D3/IDN_Unknown_564/2016  I L2 
57 Male 63 23/07/2016 Indonesia Negative DENV-3 D3/IDN_Unknown_575/2016 I L3 
58 Female 33 29/03/2016 Bali Negative DENV-3 D3/IDN_Bali_580/2016 I L3 
59 Female 42 19/07/2017 Bali Negative DENV-3 D3/IDN_Bali_695/2017 I L5 
60 Female 33 10/04/2017 Malaysia Negative DENV-3 D3/Malaysia_686/2017 I L4 
61 Male 15 14/05/2017 India Negative DENV-3 D3/India_690/2017 III L6 
62 Female 23 13/02/2016 SE_Asia Negative DENV-4 D4/SE_Asia_487/2016 II L1 
63 Male 33 04/03/2016 Indonesia Negative DENV-4 D4/IDN_Unknown_508/2016 II L2 
64 Female 54 04/06/2016 Bali Negative DENV-4 D4/IDN_Bali_551/2016 II L2 
65 Male 71 24/06/2016 Indonesia Negative DENV-4 D4/IDN_Unknown_563/2016 II L1 
66 Female 45 30/06/2016 Bali Negative DENV-4 D4/IDN_Bali_567/2016 II L1 
67 Male 15 12/10/2016 Indonesia Negative DENV-4 D4/IDN_Unknown_667/2016 II L2 
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6.4.1.3 DENV serotype imported to WA 

During 2016-2017, the DENV E gene of 67 isolates was sequenced (full length or 

partial) and the predominant serotype was DENV-2 (25, 37.3%) followed by 

DENV-3 (22, 32.8%), DENV-1 (14, 20.9%) and DENV-4 (6, 8.9%). This serotype 

data was similar to diagnostic RT-PCR serotyping data obtained from PathWest 

Laboratory (Figure 6.4). Among 419 DENV diagnostic serotype reports produced 

during 2016-2017 from PathWest Laboratory, DENV-2 accounted for 37.2% 

followed by DENV-3 (28.6%), DENV-1 (23.1%) and DENV-2 (10.9%).  

 

  
Figure 6.4. Serotype of DENV imported to WA, 2016-2017 
The serotype percentage of sequenced DENVs in this study is similar with a total RT-PCR 
serotyping data from PathWest Laboratory.  
 

All four serotypes were identified in WA travellers during 2016 with DENV-2 

being the predominant isolated serotype and DENV-4 demonstrating lowest 

frequency. In 2017, however, no DENV-4 were successfully sequenced while 

DENV-1, DENV-2, DENV-3 were isolated and sequenced with similar frequency.  

 

During 2016, the success rate of virus isolation was much higher among IgM 

negative compared to IgM positive sera (67.9% vs. 7.3%). Considering both IgM 

negative and IgM positive sera, the highest success rate of isolation was DENV-2 

(35.8%) while the lowest was DENV-1 (27.3%).  
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6.4.1.4 Indonesian DENV genotypes imported to WA 

With the exception of DENV-3 for which two genotypes were identified, a single 

genotype was identified for each serotype during 2016-2017. However, co-

circulation of multiple distinct lineages (Indonesian local and introduced viruses) 

was identified in the Indonesia source population for DENV-1 and DENV-2. In 

general, viruses within DENV-1 and DENV-2 imported from Indonesia to WA 

were closely related to those previously circulating in a variety of locations across 

Southeast Asia countries. In contrast, almost all Indonesian DENV-3 and DENV-

4 viruses sampled from WA travellers were closely related to Indonesian 

endemic strains. 

 

a. DENV-1  

Among 14 DENV-1 isolated and sequenced during 2016-2017 (twelve viruses 

from Indonesia of which nine originated in Bali, one virus from Vietnam and 

one from East Timor) all grouped into Genotype I [303] (Figure 6.5). The 

viruses fell into five separate lineages (Lineage 1-5). A virus from Vietnam 

clustered in Lineage I (Figure 6.6); the remaining viruses, originating in 

Indonesia, created four lineages (Lineage 2-5) and were clustered together 

with viruses from a wide range of geographic distributions (Figure 6.6, 

Figure 6.7 and Figure 6.8). 

 

As expected, the virus from Vietnam (D1/Vietnam_680/2017, Lineage 1) was 

clustered with other Vietnamese viruses including those identified in other 

parts of the world such as French Polynesia (2013 and 2014), New Caledonia 

(2012), Vanuatu (2013) and China (2012) (Figure 6.6). Identification of this 

strain in a traveller returning to WA from Vietnam in 2017 indicates that 

DENV-1 Genotype I Lineage 1 has continued to circulate in Vietnam for 

decades.  
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Figure 6.5. Phylogenetic tree of Indonesian DENV-1 imported to WA 
The phylogenetic tree was generated using the maximum likelihood method available in 
the RAxML program with GTR+Γ model of 12 Indonesian DENV-1, 2 DENV-1 from other 
localities and 4275 E gene sequences as references (4268 sequences from GenBank and 7 
sequences of viruses sampled from Aceh and Jambi during 2015-2016 (Chapter 4)). Some 
phylogenetic clusters have been collapsed to reveal the positions of the Indonesian 
viruses imported to WA in more detail. All identified viruses belong to Genotype I (G1) 
and clustered into five lineages (L1-L5). The lineages of the isolated viruses are coloured 
in red.  
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Two viruses (D1/IDN_Bali_517/2016 and D1/East_Timor_689/2017) clustered 

together to create Lineage 2 and were closely related with viruses isolated 

from Singapore, Timor-Leste and those Indonesian viruses imported to 

Taiwan (Figure 6.6).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.6. DENV-1 Lineage 1 and Lineage 2 imported to WA, 2016-2017 
Viruses within Lineage 1 and 2 are shown. DENVs sampled from WA travellers are 
coloured in red.  
 
 

L2 

L1 
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Another Indonesian isolated virus, D1/IDN_Bali_519/2016 (Lineage 3), clearly 

belonged to an Indonesian endemic lineage and was closely related with 

other Indonesian viruses isolated from Jakarta, Bali and Jambi, as well as 

those viruses imported to Taiwan (Figure 6.7). Three viruses isolated from 

Bali (D1/IDN_Bali_[506.507.581]/2016 and one viruses with unspecified 

location in Indonesia (D1/IDN_Unknown_509/2016) clustered together with 

viruses isolated mostly from China (2014-2016) and Malaysia (2014-2015) and 

formed Lineage 4 (Figure 6.7). Although most of the viruses within this 

lineage were isolated in China between 2014 and 2016, there is no detailed 

epidemiological information available for these sequences to indicate 

location(s) within China where the viruses were imported.   

 

The last lineage, Lineage 5, consisted of viruses with diverse geographic 

distributions (Figure 6.8). Six viruses were isolated from Indonesia in 2016-

2017 (D1/IDN_Bali_[502,.554.566.644]/2016, D1/IDN_Unknown_514/ 2016 and 

D1/IDN_Unknown_684/2017) clustered together within this lineage with 

other viruses isolated mostly from Johor Bahru of Malaysia (2014), Singapore 

(2013-2014), and other Indonesian viruses. 
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Figure 6.7. DENV-1 Lineage 3 and Lineage 4 imported to WA, 2016-2017 
Viruses within Lineage 3 and 4 are shown. DENV sampled from WA travellers are 
coloured in red and DENV from Aceh (2015) in pink (Chapter 4). 
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Figure 6.8. DENV-1 Lineage 5 imported to WA, 2016-2017 
Viruses within Lineage 5 are shown. DENV sampled from WA travellers are coloured in 
red. 
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b. DENV-2 

Of 25 DENV-2 viruses isolated during 2016-2017, 17 originated from 

Indonesia (16 from Bali), one each from Thailand and Solomon Islands and 

six viruses had unknown travel history. All viruses belonged to the 

Cosmopolitan genotype (Figure 6.9). Viruses from Indonesia fell into six 

phylogenetically distinct lineages (Lineage 1, 2, 4-7) and mixed with viruses 

sampled from a wide range of geographic localities in Southeast Asia region 

(Figure 6.9). These lineages could be classified into two groups based on 

origin of the viruses: Indonesian local strains (Lineage 1, 4, 5, 6) and 

introduced strains (Lineage 2 and 7).  

 

The virus within Lineage 1 (D2/IDN_Bali_664/2016) grouped with viruses 

that previously circulated in Bali and Java, as well as viruses isolated in 

Taiwanese and Australian travellers returning from Indonesia (Figure 6.10). 

Interestingly, the members of this lineage were also sporadically isolated 

from Malaysia (2013), China (2014) and Timor-Leste (2010 and 2015). In 

contrast, virus within Lineage 2 (D2/IDN_Bali_510/2016) clearly does not 

belong to an Indonesian endemic stain (Figure 6.10). Lineage 2 virus grouped 

with Philippines strain viruses that have been circulating in the Philippines 

since 2010 and closely related with the Philippines strain imported and 

isolated from Pacific Ocean countries such as in Yap Island of the Federated 

States of Micronesia, PNG, Fiji, French Polynesia, and Tuvalu. These data 

indicate that the virus was likely introduced to Bali.  
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Figure 6.9. Phylogenetic tree of Indonesian DENV-2 imported to WA 
The phylogenetic tree was generated using the maximum likelihood method available in 
the RAxML program with GTR+Γ model of 17 Indonesian DENV-2, 8 viruses from other 
places or with unknown travel history and 3280 E gene sequences as references (3269 
sequences from GenBank and 11 sequences of viruses sampled from Aceh and Jambi 
during 2015-2016 (Chapter 4)). Some phylogenetic clusters have been collapsed to reveal 
the positions of the Indonesian viruses imported to WA in more detail. All identified 
viruses belong to Cosmopolitan genotype and clustered into seven lineages (L1-L7). The 
WA viruses are coloured in red. 
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Figure 6.10. DENV-2 Lineage 1 and Linage 2 imported to WA, 2016-2017 
Viruses within Lineage 1 and 2 are shown. DENV sampled from WA travellers are 
coloured in red. 
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Lineage 3 consisted of a virus that was isolated from Solomon Islands in 2017 

(D2/Solomon_Islands_674/2017) and this virus sits together with other 

viruses isolated mostly from PNG (2010-2016) and Solomon Islands (2016) as 

well as those imported to Australia during 2016 (Figure 6.11). Phylogenetic 

analysis revealed that the ancestor of this lineage was likely viruses that 

previously circulating in PNG.  

 

Most DENV-2 viruses from Bali (11 isolates) were grouped into Lineage 4 

together with another virus from Indonesia and two viruses with unclear 

travel history (one from 2016 and one from 2017) (Figure 6.11). Most isolated 

viruses within this lineage originated in Bali, and this group represents the 

predominant DENV-2 strain that has circulated in Bali and introduced into 

WA by returned travelers, since 2012. This lineage was also isolated from 

Taiwanese travelers returning from Bali.  
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Figure 6.11. DENV-2 Lineage 3 and Lineage 4 imported to WA, 2016-2017 
Viruses within Lineage 3 and 4 are shown. DENV sampled from WA travellers are 
coloured in red. 
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Viruses within Lineage 5 (oon from Indonesia (D2/IDN_Unknown_672/2016) 

and two viruses from unknown travel history) clustered to form one group 

with other endemic Indonesian viruses either those isolated locally in 

Indonesian regions such as  Jakarta, Sukabumi, Bali, Surabaya and Jambi, or 

those viruses isolated from Taiwanese travelers returning from Indonesia 

(Figure 6.12). This suggests that Lineage 5 is Indonesian local variant that has 

circulated in the country for years.  

 

Although viruses within Lineage 6 (D2/IDN_Bali_[479.501]/2016 and 

D2/Unknown_499/2016) were closely related to Indonesian isolates such as 

those isolates from Bali, Madura, and Jambi, viruses from Malaysia, 

Singapore, Australia and PNG also clustered together (Figure 6.12);  this 

lineage therefore has a very diverse geographic distribution. DENV-2 viruses 

isolated during 2014-2014 in Jambi (Chapter 4) also clustered within this 

lineage.  

 

Interestingly, one virus from Bali (D2/IDN_Bali_600/2016) and one from 

Thailand (D2/Thailand_688/2017) clustered together in Lineage 7 (Figure 

6.13), indicating that this lineage is not an endemic to Indonesia. The viruses 

grouped together with viruses isolated from diverse geographical locations 

including China (2013-2015), Malaysia (2013-2014), Nepal (2013), Singapore 

(2013), and Sri Lanka (2016-2017). With the exception of one virus isolated in 

Bali (2014) and one isolated in Jambi (2015), the members of this lineage have 

never been reported in Indonesia. These data indicate Lineage 7 circulates 

widely in the region. 
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Figure 6.12. DENV-2 Lineage 5 and Lineage 6 imported to WA, 2016-2017 
Viruses within Lineage 5 and 6 are shown. DENVs sampled from WA travellers are 
coloured in red. 
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Figure 6.13. DENV-2 Lineage 7 imported to WA, 2016-2017 
Viruses within Lineage 7 are shown. DENV sampled from WA travellers are coloured in 
red. 
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c. DENV-3 

In two-year period, 22 DENV-3 samples (19 in 2016 and 3 in 2017) were 

sequenced and with the exception of one virus (D3/India_690/2017),  grouped 

into Genotype I [303]. The exception, D3/India_690/2017, belonged to 

Genotype III.  Of 22 viruses, 14 (63.6%) were isolated from patients returning 

from Indonesia, one each returning from Pacific Island, Solomon Islands, 

Thailand, India and Malaysia, while three patients had unknown travel 

history. Viruses within Genotype I grouped into five lineages (Lineage 1-

Lineage 5) while the virus within Genotype III was assigned as Lineage 6 

(Figure 6.14). The 14 Indonesian strains separated into four of those 

phylogenetically distinct lineages (Lineage 2-5) (Figure 6.14) and shared 

common ancestors with other Indonesian viruses that had circulated 

previously in Bali or other parts of Indonesia.  

 

Lineage 1 consisted of two viruses from the Pacific region (one from an 

unspecified Pacific island (D3/Pacific_Island_488/2016) and from Solomon 

Islands (D3/Solomon_Islands_555/2016) (Figure 6.15). These viruses were 

closely related to strains associated with dengue outbreaks in Pacific region 

including Solomon Islands (2013), Fiji (2014), and Vanuatu (2014). These 

viruses shared a common ancestor, a virus first identified on the northern 

coast of PNG in 2007, which had evolved locally [788].  

 

Viruses within Lineage 2 (three from Indonesia and two of unknown origin) 

were closely related with viruses that have circulated in Indonesia since 2004 

(including Jakarta, Makassar, and Bali) (Figure 6.15). This lineage was also 

closely related to a group of Indonesian viruses that were isolated during 

1998-2004 (collapsed). The members of this lineage also have been isolated in 

Taiwanese travellers returning from Indonesia for five years and from an 

Australian traveller returning from Indonesia in 2015.  
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Figure 6.14. Phylogenetic tree of Indonesian DENV-3 imported to WA 
The phylogenetic tree was generated using the maximum likelihood method available in 
the RAxML program with GTR+Γ model of 14 Indonesian DENV-3 as well as 8 viruses 
from other origins and 2036 E gene sequences as references (2032 sequences from 
GenBank and 4 sequences of viruses sampled from Jambi in 2016 (Chapter 4)). Some 
phylogenetic clusters have been collapsed to reveal the positions of the Indonesian 
viruses imported to WA in more detail. Except for one virus that clustered with 
Genotype III (GIII), all identified viruses belong to Genotype I (GI) and clustered into five 
lineages (L1-L5). The lineages of the isolated viruses are coloured in red. 
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Figure 6.15. DENV-3 Lineage 1 and Lineage 2 imported to WA, 2016-2017 
Viruses within Lineage 1 and 2 are shown. DENVs sampled from WA travellers are 
coloured in red. 
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Viruses within Lineage 3 were the most predominant DENV-3 strains from 

Indonesia; seven out of 14 (50%) isolated viruses grouped into this lineage 

(Figure 6.16). Although most viruses within this lineage originated in Bali, 

they have been also isolated from other Indonesian islands including Java 

and Borneo Island, as well as from travellers returning to Taiwan and Japan.  

 

Two viruses from Bali (D3/IDN_Bali_[502.520]/2016) and one from Malaysia 

(D3/Malaysia_686/2017) clustered together into Lineage 4 (Figure 6.16). This 

lineage has also been identified in various regions of Indonesia including 

Jambi, Purwokerto, Surabaya and Bali, as well as in travellers returning from 

Indonesia [77, 223]. In addition all DENV-3 samples isolated from Jambi in 

2016 (Chapter 4) also grouped in this lineage indicating that this lineage 

circulated in a large geographic area in Indonesia: from Jambi in Sumatera 

Island to Bali. This strain has also been isolated in China, Singapore, and 

Malaysia. D3/Malaysia_686/2017 displayed a high degree of similarity to a 

virus isolated from a traveller retuning to Australia from Malaysia in 2016 

(Figure 6.16).  
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Figure 6.16. DENV-3 Lineage 3 and Lineage 4 imported to WA, 2016-2017 
Viruses within Lineage 3 and 4 are shown. DENVs sampled from WA travellers are 
coloured in red while DENVs sampled from Jambi (Chapter 4) are coloured in blue.  
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The final two Indonesian viruses (D3/IDN_Bali_542/2016 and 

D3/IDN_Bali_695/2017) clustered together within Lineage 5 (Figure 6.17). 

This lineage includes endemic Indonesian viruses that have been isolated 

from Makassar, Surabaya, Jakarta, Purwokerto and Bali; from travellers 

returning from Indonesia during 2008-2010 [77, 223] and also from 

neighbouring countries including Singapore and Malaysia [301, 789]. 

Interestingly, viruses within Lineage 2, 3 and 5 have rarely been reported as 

autochthonous infection in other countries suggesting that they have largely 

been restricted to Indonesia for years [15, 223]. 

 

The single virus within Genotype III (D3/India_690/2017) was closely related 

to viruses isolated in Singapore (2007-2013), India (2009-2010) and China 

(2013) (Figure 6.17), with the highest degree of similarity to virus isolated in 

Singapore in 2013, when Genotype III was the most predominant genotype 

within DENV-3 [790]. This virus was also closely related to strains that 

circulated in India between 2009 and 2010. Together, these data indicate that 

Lineage 6 is not endemic to Indonesia. 
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Figure 6.17. DENV-3 Lineage 5 and Lineage 6 imported to WA, 2016-2017 
Viruses within Lineage 5 and 6 are shown. DENVs sampled from WA travellers are 
coloured in red.  
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d. DENV-4 

Six DENV-4 isolates were successfully sequenced. Five viruses originated in 

Indonesia and one was from an unspecified Southeast Asian country; all 

viruses belonged to Genotype II based on DENV-4 [303] and were further 

divided into two phylogenetically distinct lineages (Figure 6.18). Unlike 

DENV-1 and DENV-2, the geographic distribution of the viruses of DENV-4 

was very homogeneous. Lineage 1 viruses (D4/SE_Asia_487/2016, 

D4/IDN_Unknown_563/2016 and D4/IDN_Bali_567/2016), for example, 

clustered with viruses isolated in Bali between 2010 and 2015 (Figure 6.19), 

while viruses within Lineage 2 (all from Indonesia) were closely related with 

viruses isolated from other localities in Indonesia including Jambi, West Java, 

and Bali as well as viruses isolated from Taiwanese travellers returning from 

Indonesia (Figure 6.19). In general, both of these lineages were closely related 

and shared a common ancestor with other viruses that previously circulated 

in Bali and other parts of Indonesia. These data indicate that all isolates from 

Bali were endemic Indonesian strains; there was no evidence of DENV-4 

introduction into Bali in 2016, from other countries in the region. 
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Figure 6.18. Phylogenetic tree of Indonesian DENV-4 imported to WA 
The phylogenetic tree was generated using the maximum likelihood method available in 
the RAxML program with GTR+Γ model of 5 Indonesian DENV-4 and 1 virus from an 
unspecified SE Asia country and 1258 E gene sequences from GenBank. Some 
phylogenetic clusters have been collapsed to reveal the positions of the Indonesian 
viruses imported to WA in more detail. All viruses belong to Genotype II (GII) and 
clustered into two lineages (L1 and L2). The lineages of the isolated viruses are coloured 
in red. 
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Figure 6.19. DENV-4 Lineage 1 and Lineage 2 imported to WA, 2016 
Viruses within Lineage 1 and 2 are shown. DENVs sampled from WA travellers are 
coloured in red. 
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6.4.2 Movements of Indonesian CHIKV to WA 

6.4.2.1 Serum samples  

In this study, 111 archival and current serum samples from WA travellers 

diagnosed with CHIKV infection (anti-CHIKV-specific IgM positive and/or 

seroconversion) were cultured for CHIKV isolation. In addition, between 2015 

and 2017, all samples with anti-CHIKV-specific IgG positive were also cultured. 

The collection date of the sera covered a seven year period, from 2011 to 2017. 

The numbers of cultured sera for each year are presented in Figure 6.20. Based on 

notification data from WA Department of Health, there was an increase in the 

number of chikungunya cases during January to September 2013 where 51 cases 

were reported,  92% of which had a history of recent travel to Indonesia [785]. In 

Indonesia, during the same year, there was a nationwide chikungunya outbreak 

in which 15,324 cases were reported to MoH [40]. During 2015-2017, the number 

of cultured sera was higher compared to chikungunya notifications because all 

anti-CHIKV-specific IgM and IgG positive sera were included to maximize virus 

isolation.  

 

 
Figure 6.20. Annual number of chikungunya cases in WA and number of serum 
samples included in the study, 2008-2018 
There was a significant increase of chikungunya cases reported to WA Department of 
Health during 2013 compared to previous years. No sera were cultured prior to 2011.  
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6.4.2.2 Indonesian CHIKV genotypes imported to WA 

Of 111 serum samples that were cultured, 13 showed positive results and were 

sequenced. All of the isolated viruses were derived from serum samples collected 

in 2013 and belong to Asian genotype (Figure 6.21 and Table 6.2). 

 
Figure 6.21. E1-based phylogenetic tree of CHIKV imported to WA, 2011-2017 
The phylogenetic tree was generated using the maximum likelihood method available in 
the RAxML program with GTR+Γ model of 11 Indonesian CHIKV, 2 from unknown 
localities and 1425 E1 gene sequences as references (1422 sequences from GenBank and 3 
sequences of viruses sampled from Jambi in 2016 (Chapter 4). All viruses belong to Asian 
genotype. The viruses are coloured in red. 
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Table 6.2. Origin and phylogenetic placement of CHIKV imported to WA, 2011-2017  
 

Year Sequence ID  Origin Collection date 
D/M/Y 

Sequence Genotype  

2013 CHIKV/IDN_Bali_003/2013 Bali 13/04/2013 Whole genome  Asian 
2013 CHIKV/Unknown_004/2013 Unknown 28/04/2013 E1 Asian 
2013 CHIKV/IDN_Bali_005/2013 Bali 19/04/2013 Whole genome Asian 
2013 CHIKV/IDN_Bali_006/2013 Bali 04/06/2013 Whole genome Asian 
2013 CHIKV/IDN_Bali_007/2013 Bali 07/06/2013 E1 Asian 
2013 CHIKV/IDN_Bali_008/2013 Bali 23/07/2013 Whole genome Asian 
2013 CHIKV/IDN_Bali_009/2013 Bali 26/07/2013 E1 Asian 
2013 CHIKV/IDN_Bali_012/2013 Bali 27/07/2013 Whole genome Asian 
2013 CHIKV/IDN_Bali_013/2013 Bali 25/07/2013 E1 Asian 
2013 CHIKV/IDN_Bali_014/2013 Bali 26/07/2013 E1 Asian 
2013 CHIKV/IDN_Bali_015/2013 Bali 04/07/2013 E1 Asian 
2013 CHIKV/IDN_Bali_016/2013 Bali 27/07/2013 E1 Asian 
2013 CHIKV/Unknown_017/2013 Unknown 31/07/2013 E1 Asian 
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All isolated viruses were closely related to endemic Indonesian CHIKV strains 

that have been isolated from Bali (2013-2016), Jambi (2015), and those Indonesian 

viruses imported to Taiwan (2010-2014), Japan (2013-2015), and Singapore (2013) 

(Figure 6.22). These viruses shared a common ancestor, a virus that circulated in 

Bandung (West Java) of Indonesia since 2007 [44].  

 

Phylogenetic analysis based on whole genome sequences of five representative 

viruses indicated these viruses were closely related with Indonesian viruses that 

were imported into Germany in 2013 (KM673291) [791], and into Japan in 2012 

(LC259085) [708], 2013 (LC259087) [708], and 2015 (LC259091) [708] (Figure 6.23).   
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Figure 6.22. E1-based phylogenetic tree of Indonesian CHIKV imported to WA 
Some phylogenetic clusters have been collapsed to reveal the positions of the Indonesian 
viruses imported to WA in more detail. CHIKVs sampled from WA travellers are 
coloured in red while CHIKVs isolated from Jambi (Chapter 4) are coloured in blue.  
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Figure 6.23. Genome-based phylogenetic tree of Indonesian CHIKV imported to WA 
The phylogenetic tree was generated using the maximum likelihood method available in 
the RAxML program with GTR+Γ model of 5 Indonesian CHIKV isolated from WA 
travellers in 2013 and 563 sequences as references (560 whole genome sequences from 
GenBank and 3 sequences of viruses sampled from Jambi in 2016 (Chapter 4). Some 
phylogenetic clusters have been collapsed to reveal the positions of the Indonesian 
viruses imported to WA in more detail. CHIKVs sampled from travellers to WA are 
coloured in red while viruses from Jambi coloured in blue.  
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6.5 DISCUSSION  

This study sought to determine DENV (serotype, genotype and lineage) and 

CHIKV (genotype and lineage) circulating in Indonesia and to monitor 

movement of these viruses to Australia. These data provide valuable and timely 

information regarding transmission dynamics of emerging and re-emerging 

DENV lineages in the region.  

 

6.5.1 Movements of Indonesian DENV to WA 

During 2016-2017, 73.1% of all isolated or sequenced DENVs originated from WA 

travellers returning from Indonesia of which almost 80% had travelled to Bali. All 

four DENV serotypes circulated in Bali during 2016-2017 indicating 

hyperendemicity of dengue in this province as reported previously [77, 213]. 

DENV-2 was the predominant isolated serotype followed by DENV-3. A 

previous study in WA travellers returning from Bali during 2010-2012 [77] and a 

study in international travellers visiting Bali during 2015-2017 [302] also 

indicated that DENV-2 was the most prevalent serotype in Bali. However, a 

study conducted in Bali during dengue peak season in 2015 in acutely ill local 

inhabitants found that DENV-3 was the predominant serotype [213]. Although 

the findings of these studies appear to be contradictory they may highlight 

differences in sampling: one assessed  local inhabitants [213] while the others 

assessed infection in  travellers from non-endemic countries [77, 302]; the 

contribution of pre-existing dengue immunity to DENV transmission dynamics 

in Bali should be investigated further.  

 

Phylogenetic analyses indicate multiple lineages of DENV-1, DENV-2 and 

DENV-3 co-circulated in Bali during 2016-2017. In particular for DENV-1 and 

DENV-2, both Indonesian local strains and introduced strains from other 

countries (i.e. strains that were introduced to Indonesia) co-circulated. A 

previous study also revealed that at least three different lineages  each of DENV-

1 and DENV-2 co-circulated in Bali during 2015 [213]. Cumulative genotype data 
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from WA travellers sampled between 2010-2017 (2010-2012 [77], 2013-2015 [792] 

and data from this present study) indicated there was a genotype replacement 

within DENV-1 where Genotype IV was replaced by Genotype I. DENV-1 

Genotype IV was reported have circulated in Bali in 2010 [77] and again was 

isolated in June 2015 [792]. However,  viruses within this genotype were not 

isolated during a study in Balinese population in 2015 [213]. The ongoing 

replacement of DENV-1 Genotype IV by Genotype I in Bali has been suggested 

previously [213]. In the present study (2016-2017) no Genotype IV viruses were 

isolated, further supporting the notion that DENV-1 Genotype IV was 

completely replaced by Genotype I sometime in 2015. This finding is not 

surprising since Bali is a global tourist destination and the number of visitors 

increases annually, and there is a high possibility that new lineages will continue 

to be introduced to Bali. These findings further support the value of using WA 

travellers as sentinels to provide information on DENV circulating in Indonesia.  

 

One of the most striking observations in the present study is that most DENV-1 

isolates from Bali are clustered together with viruses from a very wide range of 

geographic localities including in Southeast Asian countries (Malaysia, 

Singapore, and Myanmar), China, Timor-Leste, and Australia. The current data 

from Bali also indicate that DENV-1 and DENV-2 are more divergent compared 

to other serotypes [213]. Evidence from previous studies also revealed that 

DENV-1 and DENV-2 were more frequently reported among imported dengue 

cases into US [793], Australia [77, 189], Europe [794], and Asia [201, 223, 795]. 

Based on studies among travellers in US, Australia, Europe, Taiwan and China, 

DENV-1 and DENV-2 were also imported from diverse origins [77, 189, 201, 223, 

793-795]. Introduction of DENV-1 has been reported to cause more dengue 

outbreaks than other serotypes, including  major outbreaks with thousands of 

cases in Madeira, Portugal (2,100 cases in 2012) [796], Guangzhou, China (40,000 

cases [797], 5,947 cases [798], and 11,387 cases in 2014 [799]), and Taiwan (15,732 

cases in 2014) [800]. Smaller outbreaks with hundreds of cases also have been 
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reported including in Dongguan, China (2010) [801], Florida, USA (2013) [802], 

Yunnan, China (2013) [803],  Tokyo, Japan (2014) [804], and Guangdong, China 

(2006) [805]. Most of the viruses associated with those outbreaks were identified 

from Southeast Asia countries. Therefore, it is very important to monitor the 

movements of the DENV into and from this region including Indonesia.  

 

Similar to DENV-1, DENV-2 viruses isolated from WA travelers are also 

clustered with viruses from a number of dispersed countries. DENV-2 

Cosmopolitan genotype, Lineage 2 viruses for example, have been reported 

mostly from the Philippines since 2000 (Figure 6.10) and has circulated locally in 

Philippine for decades. These viruses cluster with viruses from Pacific region 

including Fiji (2014), Tuvalu (2014), and French Polynesia in 2017 [224, 806]. No 

virus from this lineage has been isolated from Indonesia previously indicating 

the isolated virus within this lineage was introduced to Bali from another 

country. A similar pattern is also shown for DENV-2 Cosmopolitan genotype 

Lineage 7 (Figure 6.13). The isolated virus within this lineage clustered with 

those circulating in China, Singapore, Malaysia, and Nepal indicating the virus 

was likely introduced to Bali as this strain has not previously been identified in 

Bali or indeed in other regions of Indonesia. These data indicate new lineages 

within DENV-1 and DENV-2 are frequently introduced to Bali, confirming our 

view of this region as a melting pot of substantial DENV diversity that serves as 

a hub for dengue transmission and mixing [77]. Furthermore, a similar pattern 

can be seen within DENV-2 Cosmopolitan genotype Lineage 6 (Figure 6.12). 

Although most of the viruses within this lineage were isolated from Indonesia, 

they were also sporadically distributed in other Southeast Asian countries 

(Malaysia, Singapore, Australia and PNG).  

 

In contrast with DENV-1 and DENV-2, all DENV-3 and DENV-4 viruses isolated 

from WA travellers returning from Bali were closely related to Indonesian 

endemic strains suggesting there was no introduction of the viruses within these 
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serotypes into Bali, or if introduction had occurred that subsequent circulation 

was limited. Other studies also found no introduction of any DENV-3 and 

DENV-4 stains into Bali in 2015 [213, 302]. However, this present study together 

with the other studies in locals and international travellers in Bali [213, 302], 

between 2015 and 2017, are unable to elucidate that either no importation DENV-

3 and DENV-4 into Bali occurred or that the viruses are unable to establish 

autochthonous circulation in Bali.  

 

This study provides information on current circulating DENV in the Asia Pacific 

region and is able to monitor the transmission dynamics of emerging lineages 

that have been reported previously in Indonesia (DENV-2 Cosmopolitan 

genotype Lineage 4) [77] and in PNG (DENV-3 Genotype I Lineage PNG)  [807] 

(Figure 6.11 and Figure 6.15). DENV-2 Cosmopolitan genotype Lineage 4  was 

identified for the first time as emerging in Bali in 2011, associated with major 

outbreaks during 2011-2012 [77]. This lineage continued to circulate in Bali in 

2015; viruses were isolated from local inhabitants [213] and travellers returning 

to Australia [792] and Germany [221]. In this present study, more than half of 

DENV-2 viruses isolated from travellers returning to WA belong to this lineage. 

This strain has continued to circulate since 2011 and is the source of DENV 

introduced to neighbouring countries, evidenced by its isolation from WA 

travellers returning from Thailand, Timor-Leste and other parts of Indonesia 

such as Lombok and Jakarta during 2012-2017 [77]. In 2013, this lineage was 

sampled in Malaysia [808] and one year later in Taiwan [224]. However, there are 

no further reports regarding continued circulation in those countries. Continued 

circulation of DENV-2 Cosmopolitan genotype Lineage 4 in Bali for almost one 

decade may be supported by favourable environmental conditions for DENV 

vectors (Ae. aegypti and Ae. albopictus). A previous study in Semarang (Central 

Java) of Indonesia also reported that favourable local environment could 

maintain local circulation of DENV-1 Genotype II for more than three decades 

[17]. Finally, viral determinants may have contributed to persistence of DENV-2 
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Cosmopolitan genotype Lineage 4. Previous studies suggested that DENV 

structural and non-structural factors encoded by the genome have been 

associated with more and less severe disease, and with clade replacement events 

[809-811].  

 

This present study also provides additional information regarding the DENV-3 

Genotype I PNG that was lineage first identified in 2007, and that evolved locally 

[807]. During 2016-2017, two viruses within this lineage were isolated from a 

traveller who had travelled to an unspecified Pacific nation (D3/Pacific 

Island_488/2016) and to Solomon Islands (D3/Solomon_Island_555/2016). This 

lineage was associated with a large dengue outbreak in Solomon Islands in 2013, 

associated with severe disease [812, 813] and a 2014 dengue outbreak in Fiji [814]. 

To explore detailed evolutionary history the members of this lineage, the time to 

most recent common ancestors (TMRCA) was estimated using the Bayesian 

Markov chain Monte Carlo (MCMC) together with all DENV-3 isolated from WA 

travellers (Figure 6.24). The results together with previous data reveal this 

lineage evolved in situ in PNG and formed a separate and distinct lineage within 

DENV-3 Genotype I that was not previously identified. The viruses then 

circulated in PNG, at least, since 2007 and continued to circulate locally [189, 

807]. Previous studies suggested that the origin of this lineage was from an 

Indonesian strain [807, 812]. In 2009, the viruses were likely imported into and 

established local circulation in Townsville, Australia [189] but there is no further 

evidence that this virus continues to circulate in Australia since then. Four years 

later, in 2013, this lineage caused a major dengue outbreak in the Solomon 

Islands where more than 6,000 cases of suspected dengue had been reported 

[812]. A year later, the viruses were reported to be circulating in Fiji and caused 

another massive outbreak with approximately 20,000 suspect dengue cases [814]. 

In the same year, the virus was also isolated from a WA traveller returning from 

Bali [792] indicating that the viruses circulated in Indonesia. Interestingly, the 

present study also found that the viruses were continuing to circulate in Pacific 
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region including in Solomon Islands in 2016 indicating that these viruses have 

been circulating in the Pacific region for four years.   

 

Figure 6.24. MCC tree of DENV-3 Genotype I PNG lineage 
MCC tree was generated by Bayesian inference method as implemented in BEAST with 
GTR evolution model and gamma parameter rates of 22 DENV-3 isolated from WA 
travellers (red), four viruses isolated from Jambi in 2016 (blue) (Chapter 4), and 77 
representative E gene sequences (75 sequences from GenBank (black) and two sequences 
of PNG lineage viruses kindly provide by Timo Ernest (D3/VUT/268/2014 and 
D3/IDN/Bali_280/2014). The posterior probabilities of the clades are indicated as numbers 
in the node labels. 
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6.5.2 Movements of Indonesian CHIKV to WA 

Chikungunya is endemic in Indonesia and multiple outbreaks have been 

reported [10, 38-40, 112, 118-124]. Like dengue, the modernization of the air 

transportation system accounts for enhanced movement of CHIKV to unaffected 

areas and as a consequence the incidence of travel-associated chikungunya cases 

is also increasing globally [815-821]. Indonesia is a source of CHIKV for other 

countries. Exported chikungunya cases that originated from Indonesia have been 

reported [42, 78-84, 111, 298, 516, 518, 520-524, 526, 527, 529-531, 533, 822] of 

which most are travellers returning to Australia [78-84, 298] followed by Taiwan 

[42, 516, 529], Japan [520, 521] and other countries in Asia, Europe and the Pacific 

region [518, 522-524, 526, 530-533, 538, 822]. However, only eight studies have 

been conducted with virus isolation [42, 111, 516, 518, 529, 531, 533, 822] and 

most were of travellers returning to Taiwan [42, 516, 529], followed by travellers 

from Singapore [111], France [822], the Netherlands [531], Russia [518], and 

Germany [533]. Studies characterising CHIKV isolated from Australian travellers 

returning from Indonesia are limited. In the present study, archival sera collected 

from chikungunya suspected WA travellers returning from Indonesia were 

assessed to provide information of CHIKV movements to Australia.  CHIKV was 

not isolated or sequenced from sera collected between 2011 and 2017, with the  

exception of those sera collected in 2013; 13 CHIKV were successfully sequenced 

of which five whole genomes were generated. Phylogenetic analysis indicates 

that all viruses belong to Asian genotype (Figure 6.22).  

 

Studies on the genetic characteristics of CHIKV among local inhabitants are 

limited in Indonesia, where only seven studies have been conducted: in Maluku 

(1985) [534], Bandung (2000-2004, 2006-2008) [44] and 2007-2008  [515], Surabaya 

(2010-2011) [517], Tangerang, Karang Anyar, Ngawi, Jembrana, Mataram, and 

Kubu Raya (2011) [104], Jambi (2015) [519] and the latest was in Bali during 2015-

2016 [45]. No studies were conducted during the peak season of chikungunya in 

2013 and therefore there are no Indonesian data to compare to the findings of this 
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present study. Nevertheless, evidence from travellers’ studies revealed that all 

Indonesian CHIKVs exported to Taiwan [42], and Japan [708] in 2013 belong to 

Asian genotype and were closely related to isolated viruses of this present study 

of Australian travellers. In addition, studies in Taiwanese and Russian travellers 

returning from Indonesia also found there were no East-Central South African 

(ECSA) genotype isolated in 2013 [42, 518]. ECSA were isolated in Indonesia 

during 2008-2011 only [42, 111, 529]. Altogether, these data also indicate that 

nation-wide chikungunya outbreak occurred in Indonesia in 2013 was likely 

caused by CHIKV Asian genotype and the viruses associated with the 2013 

outbreak were intensively imported to WA.  

 

6.5.3 The Risk of Dengue and Chikungunya Emergence in Australia 

Since 1879, dengue outbreaks have been reported repeatedly in Australia [776]. 

During 1990-2009, 31 dengue outbreaks recorded in north Queensland alone 

[776]. In WA, dengue outbreaks were reported in the northern parts of the state 

up until the mid-1940s [775]. DENV and CHIKV mosquito vectors are not 

generally present in WA and have not been reported since ~1960s [775]. 

International travel plays an important role in dengue and chikungunya 

transmission. DENV introduced by returning travelers to Australia have caused 

regular reported outbreaks [775-777]. During 2004-2013, there were 5,943 

imported dengue cases  in Australia with an average incidence of 7.78 per 

100,000 travelers [774]. During that period, the number of cases increased 

approximately 10 times and the number of affected areas also increased 

significantly [774]. In addition, the proportion of imported case also increased 

significantly from 23% between 1991 and 1999 to 46% between 2000-2012 [773]. 

More than half of all imported dengue cases were acquired in Indonesia [773, 

774] and Indonesia is the main source of dengue and chikungunya importation 

cases [78, 79, 81, 298, 777, 823]. 
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WA demonstrates the highest relative risks of imported dengue case compared to 

other states [774], associated with geographical proximity of the state to endemic 

countries such as Indonesia. More than 80% of imported dengue cases in WA 

were acquired in Bali [773]. A modelling study using the assumption that Aedes 

mosquitoes are introduced solely by human transport, indicates that the risks of 

dengue outbreak are higher in northern part of  WA but can extend to Perth 

metropolitan during summer [824]. In 2013, the first acquired DENV infection in 

WA after 1960 was reported [778]. It is believed that the infection was caused by 

a bite from a single infected mosquito vector that was transiently introduced to 

the region [778]. This case highlights the public health importance of maintaining 

surveillance efforts to ensure that any incursions of dengue vectors into WA are 

promptly identified and do not become established, particularly given the large 

numbers of viraemic dengue cases imported into WA by travellers returning 

from dengue-endemic regions [778].  

 

Currently, although transmission of dengue in Australia is restricted to urban 

areas of north Queensland and the Torres Strait where Ae. aegypti remains well 

established, large parts of Australia included WA are climatically suitable for 

dengue vector species [775]. A modelling study using the current distribution of 

Ae. aegypti and climate change scenarios for 2030 and 2050 suggested that WA is 

one of the regions that has high risk for Ae. aegypti expansion [775]. These data 

indicate that there is a potential risk of both vectors and the DENV becoming 

established in WA. In addition, Australia has several other mosquito species 

potentially capable of facilitating an outbreak of CHIKV should it be introduced. 

Aedes spp. were highly competent laboratory vectors of CHIKV, particularly Ae. 

vigilax, Ae. procax, as well as other species including Culex linealis [825]. Therefore, 

case and vector surveillance as well as population health responses are crucial for 

minimising any potential impact of DENV and CHIKV establishment in 

Australia.  
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6.6 CHAPTER SUMMARY  

Using WA travellers as sentinel, this study provides information on current 

circulating DENV and CHIKV in the region and the trends of their movements to 

Australia. All four serotypes with two or more lineages within each serotype 

circulated in Bali between 2016-2017, confirming dengue hyperendemicity in 

Indonesia. During 2016-2017, DENV-1 and DENV-2 lineages were introduced 

into Bali. Recent data indicate a genotype replacement within DENV-1 occurred 

in Bali where Genotype IV has been completely replaced by Genotype I. The 

present study is also able to provide insights into the transmission dynamics of 

two DENV lineages in the Asia Pacific region. The data confirm DENV-2 

Cosmopolitan genotype Lineage 4, which emerged in Bali in 2011, persisted in 

Bali until 2017 and has continued to spread to other countries and similarly, 

DENV-3 Genotype I PNG lineage, first identified in 2007 was introduced to Bali 

in 2014 and has persisted in the Pacific until at least 2016. All CHIKV isolated 

from WA travellers returning from Bali during the peak of chikungunya 

transmission activities in 2013 belong to the Asian genotype. These data suggest 

that a nation-wide chikungunya outbreak that occurred in Indonesia in 2013 was 

likely caused by CHIKV Asian genotype. Altogether, continuous surveillance 

using WA travellers as sentinels is able to provide valuable and timely 

information on transmission dynamics of major arboviruses in the region and the 

results will be important as essential indicators for Australia to strengthen 

preparedness strategies for the emergence of arboviruses in the country.  
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7.1 PREAMBLE  

This is the fourth of five Results chapters in this thesis. This chapter focuses on 

support toward dengue prevention and research among community members in 

Aceh Province, Indonesia. The research described in this chapter aims to 

understand KAP regarding dengue in the Acehnese population. Acceptance and 

WTP for a dengue vaccine and willingness to participate in dengue studies that 

require phlebotomy were also assessed. Detailed methods used in this study are 

described in Section 3.7 of Chapter 3. Study findings and discussion are divided 

into three main sections: KAP (Section 7.4.1 and Section 7.5.1), acceptance and 

WTP (Section 7.4.2 and Section 7.5.2) and willingness to participate (Section 

7.4.3 and Section 7.5.3).  

 

7.2 INTRODUCTION 

DF, caused by infection with any of the four DENV serotypes, has become the 

most important mosquito-borne viral disease in humans [3]. DF is associated 

with significant morbidity, mortality, and economic cost, particularly in 

developing countries [4]. Since DF was first documented in Indonesia’s capital 

Jakarta in 1968, it has become prevalent in all provinces of the country and is 

now a major public health problem [7]. Nearly 60% of the Indonesian population 

(250 million) live in areas where DENV is known to be circulating. In 2016 there 

were 201,885 notified cases of DENV infections (77.96 per 100,000 population) 

and 1,585 deaths due to DHF [826].   

   

Aceh, located at the northern end of Indonesia’s Sumatra Island, was the most 

severely affected area by the earthquake and tsunami disaster of 26 December 

2004. In 2005, the WHO warned of an increased DHF risk in tsunami-affected 

areas [827]. Reports issued between 2003 and 2011 showed an upward trend of 

reported DHF cases in Aceh [828]. In 2003, before the earthquake and tsunami, 

the incidence of DHF was 2.76 per 100,000. Incidence rates increased significantly 

to 35.36 per 100,000 in 2009, and again to 56.40 per 100.000 in 2011 [828]. Recently, 
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in 2016, a total of 2,651 DHF cases were reported in Aceh (52.02 per 100,000 

population) [826]. Despite the increasing incidence of DHF in Aceh, studies on 

dengue including community participation in dengue prevention and control are 

lacking. 

 

The dengue prevention and control programme has been nationally directed by 

the Ministry of Health (MoH) of Indonesia through the Directorate General for 

Communicable Diseases Control since 1968; the main objective is to prevent and 

reduce dengue morbidity and mortality at family and community levels [18]. In 

1970s, Indonesia started to implement a peri-focal spraying strategy and health 

education in a limited area and in 1980, in addition to peri-focal spraying, mass 

larviciding was adopted [18]. In 1992, organized community efforts were 

conducted at the village level through the Dengue Hemorrhagic Fever Working 

Group. Since 2000, the strategy of the dengue control programme has been 

focused on community participation in reducing vector breeding places [18]. An 

upward trend of reported dengue cases in Indonesia indicates, in part, that the 

program has not proven its effectiveness to reduce dengue infection. Therefore, it 

is important to assess KAP of Aceh communities regarding DENV transmission 

and its prevention.  

 

Recently, a dengue vaccine has been approved in the some countries and 

vaccination strategies have been considered as part of a dengue prevention 

program in dengue endemic countries [474]. A dengue vaccine produced by 

Sanofi Pasteur, CYD-TDV (Dengvaxia), has been licensed in Mexico, the 

Philippines and Brazil [829]. High acceptance of the dengue vaccine would be a 

critical factor for the success of dengue vaccination programs. However, 

assessments of the public’s acceptance and WTP for a dengue vaccine and its 

associated determinants are widely lacking. Three studies have been reported 

regarding WTP towards dengue vaccine in [27, 671, 830], one of them conducted 

in Indonesia [671]. This Indonesian study was conducted in Bandung, Java Island 
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[671]; cultural backgrounds among populations outside of Java Island are diverse 

and therefore it is important to  consider and include other cultural backgrounds 

when assessing WTP. An assessment of the public’s acceptance of the dengue 

vaccine may influence the adaptation of dengue vaccination strategies in certain 

regions, especially in developing countries [27]. Therefore, it is important to 

assess public acceptance and WTP for a dengue vaccine to generate 

recommendations for policy makers in endemic areas.  

 

Research on dengue requires community participation including development of 

biobanks, host and viral genetic and molecular epidemiology studies, and 

dengue vaccine trials. It is critical to obtain an adequate number of community 

members to participate in dengue research. However, the recruitment of 

adequate numbers of community members to participate in medical studies 

including dengue-related research is an ongoing problem for researchers. A 

willingness to participate study measures the willingness of respondents to take 

part in a particular study and the determinants associated with this willingness 

[3]. Willingness to participate surveys have been conducted in various setting 

either in actual [831-834] or in hypothetical conditions [832, 835] and for non-

infectious [834, 836-839] or infectious diseases [835, 840-843]. However, most of 

those studies did not require phlebotomy. Therefore it is important to identify 

the determinants that promote and hinder the willingness to participate in 

clinical research among participants in the particular heritage [844]. There have 

been no studies conducted in Indonesia to assess the willingness to participate, 

including in the dengue research setting. Up to the present time, willingness to 

participate has only very rarely been assessed for research on dengue. The only 

record, from Puerto Rico, assessed interest to participate in a dengue vaccine 

efficacy trial [842] and revealed that barriers for participating in a vaccine trial 

included lack of information on dengue vaccine candidates, lack of trust in new 

vaccines and trial procedures, and fear of infection or other side effects. In the 

wake of coordinated dengue prevention programmes planned for Aceh province, 
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assessment to determine the determinants that influence willingness to 

participate in dengue research that would require phlebotomy procedures 

among community members is therefore important. 

 

7.3 AIMS OF STUDY  

The aims of this study were:  

a. To assess and compare KAP on dengue among community members in 

Aceh province of Indonesia.  

b. To assess acceptance towards dengue vaccine and its associated 

determinants among inhabitants of Aceh, Indonesia.   

c. To assess WTP for a dengue vaccine and its associated modifiable 

determinants among community members in Aceh, Indonesia. 

d. To determine willingness to participate and the associated determinants in 

dengue research that would require phlebotomy procedures among 

Acehnese population, Indonesia.  

 

7.4 RESULTS  

7.4.1 KAP Regarding DENV Infection 

7.4.1.1 Questionnaire validity test   

The internal consistency of the questionnaire was confirmed using 52 interviews 

with participants from two different study sites (Aceh Barat Daya and Aceh Pidie 

Jaya) that have socio-demographic backgrounds similar to the main study 

participants. The Cronbach’s Alpha coefficient of KAP domain was 0.704, 0.962 

and 0.720, respectively. Details of questions used to assess the KAP domain are 

presented in APPENDIX  VI. 

 

7.4.1.2 Study population characteristics 

For this specific study, 677 healthy community members were surveyed and 68 

(10.0%) participants were excluded from the analysis due to missing information. 

A total of 609 inhabitants, who provided complete data, were included in the 
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final analysis (Table 7.1). Of the total participants, 70.3% were female and more 

than half (54.0%) were 17-29 years old. More than half of participants (51.4%) had 

a diploma certificate or a university degree. The majority (68.1%) were living in 

suburban areas with more than half (51.4%) of them earned less than IDR 1 

million  (approximately US$ 81) per month. Although less than one-tenth of the 

participants included in this study reported having had an episode of DF, 22.2% 

of the participants declared had family member(s) who had suffered from DF. 

This indicates a high prevalence of DF in Aceh.    

 

7.4.1.3 Knowledge on dengue  

A statistically significant difference in the mean knowledge score was identified 

between regencies (p<0.001). The highest mean knowledge score was achieved in 

Sabang and the lowest in Aceh Tengah (Table 7.1). Out of total participants, 280 

of them (45.9%) had a good knowledge level. Determinants associated with good 

knowledge were high education level, working as a civil servant, unmarried 

status, high monthly income, high SES and living in the city (p<0.05). Age group, 

gender and religion had no association with participants’ knowledge (Table 7.1).  

 

The study identified increased odds of having good knowledge if the 

participants had a diploma certificate or graduated from university compared to 

participants who were illiterate (Table 7.1). Higher monthly income and higher 

SES were also significantly associated with good knowledge (p≤0.001). In 

addition, participants living in the cities were approximately twice as likely to 

have good knowledge compared to participants living in the suburbs. 

Interestingly, having personally experienced DF, or having a family member 

with a history of DF, was not associated with an increase in the participants’ 

knowledge.  

 

After excluding insignificant predictor factors (p>0.25) from the analysis, the 

multivariate model revealed that SES was the only independent predictor factor 
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of knowledge regarding DF (Table 7.1). In the final model, there was increased 

odds of having good knowledge among participants who were classified in the 

richest quintile (5th quintile), compared to the poorest (1st quintile) with OR: 2.13 

with 95% confidence interval (95% CI): 1.10-4.11 (Table 7.1).  
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Table 7.1. Univariate and multiple logistic regression analysis showing predictors of knowledge levels (good vs. poor) (n=609) 
 

Variable n (%) Knowledge  

Mean score (±SD) 

Univariate Multivariate 

OR (95% CI) p-value aOR (95% CI) p–value 
Regency    <0.001** - - 

Aceh Besar 17.5 (4.89) 17.5 (4.89) 1    
Aceh Tengah  19.2 (3.57) 19.2 (3.57) 0.26 (0.12–0.55)    
Langsa 21.3 (2.61) 21.3 (2.61) 0.35 (0.17–0.68)    
Aceh Utara 21.5 (2.90) 21.5 (2.90) 1.16 (0.60–2.24)    
Aceh Singkil 21.2 (3.16) 21.2 (3.16) 1.13 (0.58–2.19)    
Sabang 23.0 (2.46) 23.0 (2.46) 4.86 (2.24–10.55)    
Aceh Timur 22.7 (3.83) 22.7 (3.83) 2.18 (1.11–4.30)    
Aceh Selatan  20.1 (3.47) 20.1 (3.47) 0.45 (0.24–0.85)    
Aceh Tamiang 21.5 (3.94) 21.5 (3.94) 1.33 (0.69–2.57)     

Age group (years)    0.159  0.639 

17–29 21.2 (3.5) 21.2 (3.5) 1  1  

30–44 20.6 (4.3) 20.6 (4.3) 0.85 (0.60–1.21)  0.97 (0.55–1.70)  

45–59 19.9 (3.7) 19.9 (3.7) 0.61 (0.35–1.05)  0.65 (0.28–1.51)  

60–84 19.8 (2.6) 19.8 (2.6) 0.29 (0.06–1.45)  0.48 (0.07–3.09)  

Gender     0.144  0.215 

Male 20.7 (4.01) 20.7 (4.01) 1  1  

Female 20.9 (3.72) 20.9 (3.72) 1.29 (0.91–1.84)  1.29 (0.86–1.94)  

Education     <0.001**  0.002* 

Illiterate  18.5 (4.24) 18.5 (4.24) 1  1  

Primary school 18.1 (3.92) 18.1 (3.92) 1.85 (0.32–10.61)  1.80 (0.28–11.57)  

Junior high school  17.1 (4.48) 17.1 (4.48) 1.08 (0.18–6.32)  0.66 (0.10–4.41)  

Senior high school 20.3 (3.57) 20.3 (3.57) 3.52 (0.77–16.02)  1.44 (0.27–7.67)  

Diploma  21.6 (3.25) 21.6 (3.25) 6.88 (1.49–31.67)  2.34 (0.42–12.78)  

Graduated  22.4 (3.34) 22.4 (3.34) 13.81 (3.01–63.29)  3.95 (0.72–21.63)   
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Variable n (%) Knowledge  

Mean score (±SD) 

Univariate Multivariate 

OR (95% CI) p-value aOR (95% CI) p–value 
Occupation    <0.001**  0.155 

Farmer  21.9 (3.44) 21.9 (3.44) 1  1  

Civil servant  21.9 (3.40) 21.9 (3.40) 8.84 (4.45–17.58)  1.40 (0.75–2.9   

Private employee  20.3 (3.76) 20.3 (3.76) 8.81 (4.22–18.37)  1.06 (0.57–1.99)  

Entrepreneur 87 (14.3) 17.7 (4.06) 4.25 (2.09–8.64)  0.47 (0.63–1.19)  

Student/University student  150 (24.6) 21.4 (3.24) 5.76 (2.89–11.48)  1.39 (0.10–3.04)  

Religion    0.248  0.585 

Muslim 601 (98.7) 20.9 (3.81) 1  1  

Other 8 (1.3) 19.4 (4.10) 0.38 (0.07–1.93)  0.612 (0.10–3.57)  

Marital status     0.045*  0.856 

Unmarried  258 (42.4) 21.5 (3.21) 1  1  

Married  333 (54.7) 20.4 (4.20) 0.67 (0.48–0.93)  0.96 (0.55–1.66)  

Widowed  18 (3.0) 21.4 (3.03) 1.19 (0.45–3.12)  1.75 (0.50–6.14)  

Monthly income (IDR)    <0.001**  0.073 

<1 million  313 (51.4) 20.3 (3.94) 1  1  

1 – ≤ 2 million 124 (20.4) 20.5 (3.55) 0.85 (0.55–1.31)  0.89 (0.53–1.50)  

2 – ≤ 3 million  96 (15.8) 21.9 (3.38) 2.39 (1.50–3.83)  1.74 (0.92–3.28)  

> 3 million 76 (12.5) 22.4 (3.53) 3.06 (1.80–5.20)  2.14 (1.03–4.41)  

SES    <0.001**  0.025* 

Poorest quintile  122 (20.0) 18.9 (4.22) 1  1  

2nd 123 (20.2) 20.8 (4.03) 1.62 (0.94–2.77)  0.93 (0.50–1.71)  

3rd  122 (20.0) 20.5 (3.29) 2.23 (1.31–3.80)  1.72 (0.95–3.12)  

4th  121 (19.9) 21.2 (3.48) 2.63 (1.54–4.48)  1.39 (0.75–2.58)  

Richest quintile  121 (19.9) 22.7 (3.26) 5.24 (3.03–9.06)  2.13 (1.10–4.11)  

Type of residence     <0.001**  0.610 

City  194 (31.9) 21.8 (3.24) 1  1  

Suburb   415 (68.1) 20.4 (4.99) 0.51 (0.36–0.72)  0.76 (0.40–1.43)  
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Variable n (%) Knowledge  

Mean score (±SD) 

Univariate Multivariate 

OR (95% CI) p-value aOR (95% CI) p–value 
Family member(s) suffered from DF    0.989   

Yes  135 (22.2) 21.0 (3.34) 1  - - 

No  474 (77.8) 20.8 (3.94) 1.00 (0.68–1.47)    

Personally suffered from DF        

Yes  56 (9.2) 21.6 (3.52) 1 0.081 1 0.402 

No  553 (90.8) 20.8 (3.83) 0.61 (0.35–1.06)  0.75 (0.60–1.42)  

aOR: adjusted odds ratio; CI: confidence interval; DF: dengue fever ; IDR: Indonesian rupiah; OR: odds ratio; SD: standard deviation  

*significant at p=0.05; **significant at p=0.001  



305 
 

7.4.1.4 Attitudes regarding dengue fever 

The average attitude score regarding DF significantly differed among regencies 

(p<0.001). The highest mean score of the attitude was obtained in Aceh Timur 

and the lowest in Langsa, 63.6 and 28.1, respectively (Table 7.2). Although more 

than 45% of the participants had good knowledge, only 32.1% (196 participants) 

had a good attitude regarding DF, and this was associated with education, 

occupation, SES and a personal history of DF (Table 7.2). As expected, having 

personally experienced DF was associated with approximately two times greater 

odds of having good attitude compared to participants who had not. In the final 

model, none of explanatory variable was associated with attitude towards DF 

(Table 7.2).  
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Table 7.2 Univariate and multiple logistic regression analysis showing predictors of attitude levels (good vs. poor) (n=609) 
 

Variable n (%) Attitude 
Mean score (±SD) 

Univariate Multivariate 
OR (95% CI) p-value aOR (95% CI) p–value 

Regency    <0.001** - - 
Aceh Besar 17.5 (4.89) 56.6 (6.41) 1    
Aceh Tengah  19.2 (3.57) 28.1 (4.90) 0.30 (0.14–0.64)    
Langsa 21.3 (2.61) 61.8 (5.67) 0.00 (0.00–3.56)    
Aceh Utara 21.5 (2.90) 61.3 (8.49) 1.19 (0.20–2.31)    
Aceh Singkil 21.2 (3.16) 61.8 (5.89) 0.92 (0.47–1.81)    
Sabang 23.0 (2.46) 62.2 (7.55) 1.04 (0.54–2.02)    
Aceh Timur 22.7 (3.83) 63.6 (6.87) 1.78 (0.92–3.46)    
Aceh Selatan  20.1 (3.47) 54.3 (10.53) 0.30 (0.15–0.61)    
Aceh Tamiang 21.5 (3.94) 57.5 (11.66) 0.73 (0.34–1.35)    

Age group (years)    0.209  0.406 
17–29 21.2 (3.5) 55.2 (14.14) 1  1  
30–44 20.6 (4.3) 57.3 (12.00) 1.02 (0.70–1.48)  1.32 (0.80–2.17)  
45–59 19.9 (3.7) 55.7 (12.59) 0.59 (0.23–1.11)  0.87 (0.40–1.89)  
60–84 19.8 (2.6) 55.0 (13.37) 0.24 (0.03–2.01)  0.45 (0.05–3.99)  

Gender     0.169  0.249 
Male 20.7 (4.01) 54.6 (13.89) 1  1  
Female 20.9 (3.72) 56.5 (12.99) 1.30 (0.89–1.91)  1.27 (0.84–1.91)  

Education     <0.001**  0.035* 
Illiterate  18.5 (4.24) 51.9 (14.60) 1  1  
Primary school 18.1 (3.92) 52.4 (9.89) 0.50 (0.08–2.86)  0.42 (0.07–2.50)  
Junior high school  17.1 (4.48) 48.5 (13.23) 0.51 (0.10–2.65)  0.38 (0.07–2.05)  
Senior high school 20.3 (3.57) 54.8 (13.60) 1.58 (0.43–5.78)  1.16 (0.28–4.74)  
Diploma  21.6 (3.25) 56.8 (13.42) 2.20 (0.59–8.18)  1.62 (0.37–6.93)  
Graduated  22.4 (3.34) 58.9 (12.30) 3.00 (0.81–11.00)  2.06 (0.48–8.69)  
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Variable n (%) Attitude 
Mean score (±SD) 

Univariate Multivariate 
OR (95% CI) p-value aOR (95% CI) p–value 

Occupation    0.025*  0.953 
Farmer  21.9 (3.44) 57.7 (13.44) 1  1  
Civil servant  21.9 (3.40) 56.5 (14.02) 2.67 (1.42–5.02)  1.12 (0.59–2.12)  
Private employee  20.3 (3.76) 55.6 (12.96) 2.63 (1.32–5.55)  1.06 (0.58–1.92)  
Entrepreneur 87 (14.3) 55.2 (9.33) 1.80 (0.92–3.52)  0.97 (0.42–2.22)  
Student/University student  150 (24.6) 54.4 (14.69) 2.28 (1.20–4.33)  1.29 (0.63–2.62)  

Religion    0.258 - - 
Muslim 601 (98.7) 56.1 (13.16) 1    
Other 8 (1.3) 45.0 (18.22) 0.48 (0.03–2.43)    

Marital status     0.658 - - 
Unmarried  258 (42.4) 55.2 (14.33) 1    
Married  333 (54.7) 56.3 (12.50) 0.86 (0.61–1.22)    
Widowed  18 (3.0) 58.2 (11.73) 0.74 (0.25–2.15)    

Monthly income (IDR)    0.382 - - 
<1 million  313 (51.4) 55.0 (13.76) 1    
1 – ≤ 2 million 124 (20.4) 54.6 (13.63) 1.05 (0.67–1.65)    
2 – ≤ 3 million  96 (15.8) 57.7 (12.64) 1.09 (0.67–1.78)    
> 3 million 76 (12.5) 59.5 (10.56) 1.58 (0.94–2.65)    

SES    0.013*  0.212 
Poorest quintile  122 (20.0) 56.8 (11.95) 1  1  
2nd 123 (20.2) 55.5 (13.70) 1.14 (0.63–2.03)  0.80 (0.43–1.50)  
3rd  122 (20.0) 55.5 (14.15) 1.48 (0.84–2.61)  1.23 (0.67–2.24)  
4th  121 (19.9) 55.8 (14.38) 1.89 (1.08–3.31)  1.39 (0.75–2.60)  
Richest quintile  121 (19.9) 60.0 (11.17) 2.33 (1.34–4.05)  1.50 (0.80–2.83)  

Type of residence     0.050  0.943 
City  194 (31.9) 55.9 (14.75) 1  1  
Suburb   415 (68.1) 55.9 (12.55) 0.69 (0.48–1.00)  0.98 (0.65–1.48)  
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Variable n (%) Attitude 
Mean score (±SD) 

Univariate Multivariate 
OR (95% CI) p-value aOR (95% CI) p–value 

Family member(s) suffered from DF    0.172  0.827 
Yes  135 (22.2) 54.3 (15.43) 1  1  
No  474 (77.8) 56.4 (12.58) 0.75 (0.50–1.12)  1.05 (0.65–1.71)  

Personally suffered from DF     0.018*  0.055 
Yes  56 (9.2) 54.9 (16.18) 1  1  
No  553 (90.8) 56.0 (12.96) 0.51 (0.29–0.89)  0.52 (0.26–1.01)  

aOR: adjusted odds ratio; CI: confidence interval; DF: dengue fever ; IDR: Indonesian rupiah; OR: odds ratio; SD: standard deviation 
*significant at p=0.05; **significant at p=0.001   



309 
 

7.4.1.5 DF prevention practices 

In this study, 32.0% (195) of participants had good DF prevention practices, a 

proportion similar to that of participants who had good attitude regarding DF. 

Factors correlated with prevention practice were education, occupation, SES and 

type of residence (Table 7.3). Participants who had a diploma degree or 

graduated from university were nine times more likely to have good DF 

prevention practice compared to those who were illiterate. In addition, 

participants who worked as civil servants, were employed in the private sector, 

were entrepreneurs or students also had higher odds of having good practice 

compared to farmers. Interestingly, there was no association between monthly 

income and preventive practice, although SES was significantly associated with 

prevention practice in a dose-dependent manner. Compared to the poorest SES, 

the odds of having  good DF prevention practices increased from 1.16 times for 

the second SES quintile, 1.41 times for the third SES quintile, 1.38 times for the 

fourth SES quintile to 2.68 times for the richest SES quintile. In addition, as 

expected, participants living in cities had better preventive practice compared to 

their counterparts in the suburbs. In the multivariate analysis, increased odds of 

having good DF prevention practice was identified among participants from the 

5th quintile compared to the poorest group (1st quintile) with OR: 2.68 (95% CI: 

1.40–5.12) (Table 7.3).  

 

7.4.1.6 Correlation between KAP and SES  

There was a significant positive correlation between asset score (SES) and KAP 

scores (Table 7.4). The significant correlations between KAP scores and asset 

score indicated that KAP regarding DF increased with increasing SES.  
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Table 7.3.Univariate and multiple logistic regression analysis showing predictors of practice levels (good vs. poor) (n=609) 
 

Variable n (%) Attitude 
Mean score (±SD) 

Univariate Multivariate 
OR (95% CI) p-value aOR (95% CI) p–value 

Regency    0.017* - - 
Aceh Besar 17.5 (4.89) 10.6  (3.61) 1    
Aceh Tengah  19.2 (3.57) 10.9 (2.79) 0.42 (0.19–0.92)    
Langsa 21.3 (2.61) 12.1 (2.64) 0.49 (0.23–1.01)    
Aceh Utara 21.5 (2.90) 12.0 (3.22) 1.13 (0.56–2.25)    
Aceh Singkil 21.2 (3.16) 12.4 (2.48) 1.22 (0.61–2.46)    
Sabang 23.0 (2.46) 12.7 (2.33) 1.60 (0.81–3.16)    
Aceh Timur 22.7 (3.83) 12.5 (2.74) 1.40 (0.71–2.76)    
Aceh Selatan  20.1 (3.47) 11.9 (2.84) 1.09 (0.57–2.05)    
Aceh Tamiang 21.5 (3.94) 12.0 (2.60) 1.13 (0.56–2.25)    

Age group (years)    0.307   
17–29  21.2 (3.5) 11.9 (2.89) 1    
30–44  20.6 (4.3) 12.1 (2.94) 1.01 (0.69–1.47)    
45–59  19.9 (3.7) 11.7 (2.67) 0.74 (0.40–1.35)    
60–84  19.8 (2.6) 12.1 (3.62) 2.63 (0.69–9.99)    

Gender     0.131  0.057 
Male  20.7 (4.01) 11.7 (2.90) 1  1  
Female  20.9 (3.72) 12.0 (2.89) 1.34 (0.91–1.96)  1.48 (0.99–2.24)  

Education     0.001*  0.256 
Illiterate   18.5 (4.24) 9.4 (3.07) 1  1  
Primary school 18.1 (3.92) 9.9 (3.27) 2.43 (0.24–24.03)  2.45 (0.23–25.25)  
Junior high school  17.1 (4.48) 10.1 (3.37) 1.80 (0.18–17.66)  1.44 (0.14–14.86)  
Senior high school  20.3 (3.57) 11.7 (2.82) 5.65 (0.72–43.90)  4.78 (0.57–39.81)  
Diploma  21.6 (3.25) 12.6 (2.82) 9.00 (1.15–70.42)  3.98 (0.46–33.88)  
Graduated 22.4 (3.34) 12.6 (2.39) 9.11 (1.17–70.88)  4.33 (0.51–36.67)  
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Variable n (%) Attitude 
Mean score (±SD) 

Univariate Multivariate 
OR (95% CI) p-value aOR (95% CI) p–value 

Occupation    <0.001**  0.007* 
Farmer  21.9 (3.44) 12.6 (2.18) 1  1  
Civil servant  21.9 (3.40) 13.1 (2.46) 3.56 (1.78–7.10)  1.83 (1.05–3.17)  
Private employee  20.3 (3.76) 12.0 (2.94) 6.25 (3.00–12.98)  1.02 (0.59–1.78)  
Entrepreneur  87 (14.3) 10.1 (3.34) 2.97 (1.44–6.10)  0.51 (0.21–1.21)  
Student/University student  150 (24.6) 11.4 (2.92) 2.27 (1.11–4.61)  0.58 (0.32–1.05)  

Religion    0.261 - - 
Muslim  601 (98.7) 11.9 (2.90) 1    
Other  8 (1.3) 11.6 (1.92) 0.30 (0.03–2.45)    

Marital status     0.714 - - 
Unmarried  258 (42.4) 11.9 (2.93) 1    
Married  333 (54.7) 12.0 (2.88) 0.88 (0.62–1.24)    
Widowed  18 (3.0) 11.4 (2.70) 0.75 (0.26–2.18)    

Monthly income (IDR)    0.474 - - 
<1 million  313 (51.4) 11.6 (3.09) 1    
1 – ≤ 2 million 124 (20.4) 11.9 (2.85) 1.01 (0.64–1.59)    
2 – ≤ 3 million  96 (15.8) 12.1 (2.71) 1.14 (0.70 – 1.86)    
> 3 million 76 (12.5) 13.1 (1.89) 1.49 (0.89–2.25)    

SES    <0.001**  0.015* 
Poorest quintile  122 (20.0) 10.8 (3.37) 1  1  
2nd  123 (20.2) 11.6 (2.85) 1.64 (0.90–2.97)  1.16 (0.61–2.19)   
3rd 122 (20.0) 11.7 (2.80) 1.82 (1.01–3.28)  1.41 (0.76–2.63)  
4th  121 (19.9) 12.2 (2.54) 1.94 (1.08–3.49)  1.38 (0.72–2.63)  
Richest quintile  121 (19.9) 13.0 (2.31) 3.88 (2.19–6.88)  2.68 (1.40–5.12)  

Type of residence     0.043*  0.948 
City  194 (31.9) 12.3 (2.64) 1  1  
Suburb  415 (68.1) 11.7 (2.99) 0.69 (0.48–0.98)  1.01 (0.67–1.53)  
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Variable n (%) Attitude 
Mean score (±SD) 

Univariate Multivariate 
OR (95% CI) p-value aOR (95% CI) p–value 

Family member(s) suffered from 
dengue fever 

   0.228 
 

  
0.768 

Yes  135 (22.2) 12.1 (2.71) 1  1  
No  474 (77.8) 11.9 (2.94) 0.78 (0.52–1.16)  0.92 (0.56–1.51)  

Personally experienced dengue fever    0.223  0.442 
Yes  56 (9.2) 11.8 (3.11) 1  1  
No   553 (90.8) 11.9 (2.87) 0.70 (0.40–1.23)  0.76 (0.38–1.51)  

aOR: adjusted odds ratio; CI: confidence interval; DF: dengue fever ; IDR: Indonesian rupiah; OR: odds ratio; SD: standard deviation  
*significant at p=0.05; **significant at p=0.001  



313 
 

There was also a significant positive correlation between knowledge-attitude, 

knowledge-practice and attitude-practice with the strongest correlation identified 

for knowledge-attitude. To validate these results, further analysis was conducted 

using KAP scores that had been classified as “good” and “poor” based on a cut-

off point of 80%. The analysis showed that participants who had good 

knowledge were 2.5 times more likely to have a good attitude regarding DF (OR: 

2.66, 95% CI: 1.87-3.77). However, there was no strong association between good 

knowledge and good practice (OR: 1.41; 95% CI: 1.00-1.98). As predicted, there 

was a strong association between good attitude and good DF preventive practice 

(OR: 2.18; 95% CI: 1.52-3.11).  

 

Table 7.4. Correlation between score of knowledge, attitude, practice and asset score 
(SES) 
 

 

 

 

 

 

 

 

7.4.1.7 Sources of information on dengue fever 

In this study, television (32.7%), HCW in the Community Health Centre 

(Puskesmas) (16.9%), internet (13.0%) and HCWs in the hospital (12.3%) were the 

major sources of information on DF among participants (Figure 7.1). Only 1% of 

the participants received information on DF from the radio. A possible reason is 

that few of the participants owned a radio. This indicates that radio transmission 

may not be an important source of information in Aceh. 

 

 

Variables Correlation (95% CI) p-value 
Asset index-knowledge  0.27 (0.21–0.33) <0.001** 
Asset index-attitude 0.16 (0.09–0.23) <0.001** 
Asset index-practice 0.26 (0.19–0.32) <0.001** 
Knowledge-attitude 0.34 (0.28–0.40) <0.001** 
Knowledge-practice 0.21 (0.15–0.27) <0.001** 
Attitude-practice  0.27 (0.21–0.33) <0.001** 
CI: confidence interval 
**significant at p=0.001 
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Figure 7.1. Source of information on DF among participants 
The numbers indicate the percentage of source of information used among inhabitants of 
Aceh province, Indonesia.  
 

Interestingly, there was a significant difference regarding the source of 

information on DF between participants who did, or did not, have family 

member(s) who had suffered from DF (p≤0.001). Although the most prominent 

source was television in both groups (32.7% vs. 34.4%), 19.0% of the participants 

without any history of DF in their family had received information on DF from 

HCWs in Puskesmas compared to 12.6% of those whose family members had 

suffered from DF. In addition, internet was a source of information on DF among 

19.3% of those participants whose family members had suffered from DF 

compared to only 11.2% in the group without family history of DF. Among 

participants who had personally experienced DF, more than 20% received 

information on DF from the internet and 7.1% from HCWs in Puskesmas. In 
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contrast, 17.9% of the participants who had never suffered from DF received this 

information from HCWs in Puskesmas and only a tenth of them obtained it from 

the internet.   

 

7.4.2 Acceptance and WTP for a Dengue Vaccine 

7.4.2.1 Acceptance towards dengue vaccine  

a. Demographic data   

For this outcome, surveys were completed by 677 healthy community 

members from nine regencies. Data from 25 (3.7%) participants were 

excluded from the analysis due to missing information. A total of 652 (96.3%) 

participants were analyzed. The characteristics of the participants are 

depicted in Table 7.5. A majority (86.5%) of the participants was female and 

approximately half of participants aged between 30–39 years old. 

Approximately 45% of respondent had attended a university and no illiterate 

participants were involved. There was approximately an equal proportion of 

employed and unemployed respondents (50.7% vs. 49.3%) and those who 

employed 46.4% were working in healthcare sectors. Approximately half of 

the participants were living under the poverty line that earned less than IDR 

1 million (US$81) each month. Less than 10% of the participants reported 

having a previous episode of DF. In addition, this study found that the 

prevalence of participants who had good scores in the KAP domains was 

33.6%, 25.0% and 23.8% for the knowledge, attitude, and practice domains, 

respectively. Less than 15% of the participants had a good attitude towards 

vaccination practice.  

 

b. Dengue vaccine acceptance and associated determinants 

We found that 37.6% and 39.7% of the participants expressed that they were 

likely and very likely to vaccinate their children (if they had children), 

respectively. Approximately 5% of the participants were unable to decide. 

When dichotomizing dengue vaccine acceptance into willing and non-willing, 
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the acceptance rate was 77.3%. The univariate analysis revealed that gender 

(being female), a high monthly income, high SES, a good attitude towards DF 

and a good attitude towards vaccination practice were associated with a 

better dengue vaccine acceptance (p<0.05) (Table 7.5).   
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Table 7.5. Univariate and multivariate logistic regression analysis showing predictors of dengue vaccine acceptance (willing vs. not willing) (n=652) 
 

Variable n (%) Willing (%) Univariate Multivariate 
OR (95% CI) p-value aOR (95% CI) p–value 

Regency    <0.001** - - 
Aceh Tengah (R) 79 (12.1) 88.6 1    
Langsa  74 (11.3) 95.9 3.04 (0.79–11.71) 0.106   
Aceh Besar  90 (13.8) 96.7 3.73 (0.97–14.29) 0.055   
Aceh Utara  58 (8.9) 98.3 7.34 (0.90–59.57) 0.062   
Aceh Singkil  69 (10.6) 88.4 0.98 (0.35–2.69) 0.969   
Sabang  65 (10.0) 96.9 4.05 (0.84–19.45) 0.081   
Aceh Timur  46 (7.1) 93.5 1.84 (0.47–7.18) 0.379   
Aceh Tamiang  51 (7.8) 80.4 0.53 (0.19–1.40) 0.200   
Aceh Selatan   120 (18.4) 67.5 0.27 (0.12–0.59) 0.001*   

Age group    0.174   
17–29 (R)  336 (51.5) 88.1 1  - - 
30–44  224 (34.4) 86.6 0.87 (0.52–1.45) 0.602   
45–59  80 (12.3) 91.3 1.40 (0.60–3.27) 0.425   
60–84 12 (1.8) 91.7 1.48 (0.18–11.82) 0.708   

Gender        
Male (R) 195 (29.9) 83.1 1  1  
Female 457 (70.1) 90.2 1.86 (1.14–3.02) 0.012* 1.69 (0.99–2.88) 0.053 

Education     0.321   
Primary school (R)  67 (10.3) 86.6 1  - - 
Junior high school   42 (6.4) 83.3 0.77 (0.26–2.26) 0.643   
Senior high school  239 (36.7) 88.7 1.21 (0.54–2.73) 0.362   
Diploma  136 (20.8) 84.6 0.85 (0.66–1.97) 0.705   
Graduated  168 (25.8) 91.7 1.70 (0.70–4.15) 0.239   

Occupation     0.093   
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Variable n (%) Willing (%) Univariate Multivariate 
OR (95% CI) p-value aOR (95% CI) p–value 

Farmer (R)  124 (19.0) 87.1 1  1  
Civil servant  163 (25.0) 92.5 1.81 (0.81–4.08) 0.147 0.47 (0.17–1.27) 0.137 
Private employee   94 (14.4) 84.0 0.77 (0.38–1.58) 0.488 0.36 (0.14–0.95) 0.040* 
Entrepreneur  125 (19.2) 83.0 0.72 (3.41–1.53) 0.396 0.51 (0.23–1.13) 0.096 
Student/University student  146 (22.4) 90.8 1.46 (0.69–3.08) 0.319 0.81 (0.29–2.25) 0.686 

Marital Status     0.117   
Unmarried (R)  257 (39.4) 90.3 1    
Married  374 (57.4) 86.1 0.67 (0.40–1.11) 0.117 1  
Widow  21 (3.2) 95.2 2.15 (0.28–16.75) 0.463 0.60 (0.30–1.19) 0.144 

Monthly income      0.243 1.62 (0.18–14.27) 0.665 
<1 million rupiahs (R)  335 (51.4) 86.6 1    
1 – ≤ 2 million rupiahs  138 (21.2) 87.0 1.03 (0.57–1.86) 0.910 1  
2 – ≤ 3 million rupiahs  100 (15.3) 89.0 1.25 (0.62–2.53) 0.525 1.33 (0.69–2.55) 0.395 
> 3 million rupiahs  79 (12.1) 94.9 2.91 (1.01–8.34) 0.047* 1.60 (0.64–3.93) 0.316 

Type of residency       4.77 (1.31–17.29) 0.018*  
Suburb (R)  457 (70.1) 86.4 1    
City  195 (29.9) 91.8 1.77 (0.99–3.13) 0.056 1  

Have family member(s) who suffered 
from dengue 

    1.45 (0.74–2.83) 0.275 

No (R) 520 (79.8) 88.5 1  - - 
Yes  132 (20.2) 86.4 0.83 (0.47–1.45) 0.508   

Have experienced dengue       
No (R) 595 (91.3) 88.1 1  - - 
Yes  57 (8.7) 87.7 0.97 (0.42–2.22) 0.938   

SES    0.075   
Poorest quintile (R)  131 (20.1) 85.5 1  1  
2nd  130 (19.9) 84.6 0.93 (0.47–1.84) 0.842 0.94 (0.44–1.98) 0.864 
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Variable n (%) Willing (%) Univariate Multivariate 
OR (95% CI) p-value aOR (95% CI) p–value 

3rd  130 (19.9) 86.2 1.06 (0.53–2.12) 0.879 1.09 (0.49–2.41) 0.840 
4th  130 (19.9) 95.4 3.51 (1.35–9.09) 0.010*  3.36 (1.17–9.63) 0.024* 
Richest quintile  131 (20.1) 88.5 1.31 (0.63–2.71) 0.463 0.77 (0.31–1.94) 0.580 

Knowledge regarding dengue       
Poor (R) 433 (66.4) 86.8 1  1  
Good  219 (33.6) 90.4 1.43 (0.84–2.43) 0.186 1.11 (0.60–2.04) 0.740 

Attitude toward dengue        
Poor (R) 489 (75) 85.1 1  1  
Good  163 (25) 96.9 5.45 (2.20–13.97) 0.000* 3.72 (1.40–9.91) 0.008* 

Preventive practice against dengue       
Poor (R) 497 (76.2) 89.1 1  - - 
Good  155 (23.8) 84.5 0.66 (0.40–1.12) 0.124   

Attitude toward vaccination       
Poor (R) 555 (85.1) 86.3 1  1  
Good  97 (14.9) 97.9 7.54 (1.82–31.22) 0.005* 6.05 (1.34–27.27) 0.019* 

aOR: adjusted odds ratio; CI: confidence interval; OR: odds ratio; R: reference group 
*significant at p=0.05; **significant at p=0.001 
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Being female increased the odds of accepting the dengue vaccine by 

approximately two times (OR: 1.86; 95% CI: 1.14–3.02) compared with being 

male. Although participants within the 3rd quintile of SES had increased odds 

of having a good acceptance of the dengue vaccine compared to the poorest 

group, the richest group showed no difference in dengue vaccine acceptance 

compared to the poorest group. This might indicate that SES is not a robust 

predictor of dengue vaccine acceptance. One interesting finding was that 

both personal history of the DF and having family member(s) with a DF 

history had no association with dengue vaccine acceptance.   

 

Within the KAP domains, this study found that better knowledge regarding 

DF and good preventive practices against DF had no association with dengue 

vaccine acceptance. However, good attitude regarding DF was associated 

with better support for dengue vaccination, with an OR of 5.45 (95% CI: 2.20–

13.97). In addition, as predicted, a good attitude towards vaccination practice 

was strongly associated with dengue vaccine acceptance (OR: 7.54, p=0.005). 

This indicates that a good attitude toward vaccination practice was the 

strongest determinant associated with support for the dengue vaccine. 

 

After excluding regency variable from the system, the multivariate analysis 

revealed that only attitude towards DF and attitude towards vaccination 

practice were independent predictors of dengue vaccine acceptance (Table 

7.5). However, some explanatory variables such as SES, occupation and 

monthly income were also associated with dengue vaccine acceptance to 

some degree. For instance, participants within the 4th quintile of SES had a 

higher acceptance than the poorest, but this association was inconsistent for 

the richest group. This present study also found that participants who were 

working in the private sector had decreased odds of accepting the dengue 

vaccine compared with farmers, whereas those who had the highest income 
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had more support for dengue vaccination than participants with the lowest 

income.   

Spearman`s rank correlation analysis confirmed that SES, knowledge 

regarding DF and preventive practice against DF had no significant 

correlation with DV acceptance (Table 7.6). This analysis also confirmed that 

the two strongest predictors associated with DV acceptance were attitude 

towards vaccination practice and attitude regarding DF (rs=0.41 and rs=0.39 

with p<0.01, respectively).   

 

Table 7.6. Correlation between dengue vaccine acceptance and selected 
explanatory variables (n=652) 

 
Variables Correlation (95% CI) p-value 
SES - Acceptance 0.09 (0.03–0.16) 0.012* 
Knowledge regarding dengue - Acceptance 0.08 (0.02–0.15) 0.033* 
Attitude regarding dengue - Acceptance 0.39 (0.33–0.44) <0.001** 
Preventive practice against DF - Acceptance -0.01 (-0.07–0.06) 0.908 
Attitude toward vaccination - Acceptance 0.41 (0.35–0.46) <0.001** 
CI: confidence interval; DF: dengue fever 
*significant at p=0.05; **significant at p=0.001 

 

In addition, the participants were asked to mention three important 

characteristics of the DV that would be main reasons for DV acceptance. The 

study found that having a DV that provided full protection against DENV 

infection was the most important characteristic (25.2%). Interestingly, the 

second most important DV characteristic (22.5%) was that the DV should be 

halal (does not contain any haram materials) (Figure 7.2). The number of doses 

required was not a substantial obstacle for DV acceptance.  
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Figure 7.2. The main reasons for dengue vaccine acceptance (n=1956) 

 

7.4.2.2 WTP for a dengue vaccine  

a. WTP for a dengue vaccine  

Data of 544 participants who provided complete information were included 

for analysis. The characteristics of the participants are presented in Table 7.7. 

The present study found that 509 of participants were willing to accept 

dengue vaccine, i.e. 6.4% (35/544) of the participants were unwilling to accept 

dengue vaccine even if the vaccine was provided for free. In addition 6.1% 

(33/544) stated that they would accept the vaccine only if the vaccine was 

provided for free. Therefore, only 476 participants (87.5% of total completed 

data), who were willing to pay for the dengue vaccine, were included in the 

final analysis.  

 

For an average individual, the mean and the median of WTP for a dengue 

vaccine was US$4.04 (95%CI: 3.86-4.23) and US$3.97 (95%CI: 3.74-4.23), 

respectively. The J-shaped distribution revealed that more than 93.6% 

(509/544) of the total participants were willing to accept dengue vaccine when 

it provided for free (Figure 7.3).  This percentage started to decrease to 
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approximately 87.5% (476/544) as the vaccine price went to US$0.73, and 

decreased constantly to 58.45% and to 32.90% for US$ 2.75 and US$11.00, 

respectively. There were 29.77% (162/544) of participants that were still 

willing to pay the dengue vaccine in the highest price provided (US$14.66).  

 

 
Figure 7.3. Vaccine price and WTP 
Relationship between the presented price and proportion of participant who are 
willing to pay a dengue vaccine in Aceh, Indonesia. 

 

b. Determinants associated with WTP for a dengue vaccine  

Initial linear regression model revealed that age, gender, occupation, type of 

residence, experience of having DF history, economic status, knowledge on 

DENV, knowledge on DF, attitude towards dengue  and preventive practice 

against dengue were associated with WTP to some degree (p<0.25) (Table 

7.7). Because this study was exploratory, all those explanatory variables were 

included in the final linear regression model.   
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Table 7.7. Determinants associated with the WTP for a dengue vaccine (n=476) 
 

Parameter  n (%) Unstandardized coefficients US$ estimate p-value 
B 95% CI of B SE Mean 95% CI 

Lower Upper Lower Upper 

Intercept   0.694 0.084 1.303 0.310 3.484 1.415 5.554 0.026* 

Age (18-29 years)  266 (48.9)         

30-44 198 (36.4) -0.230 -0.525 0.064 0.150 1.383 -0.687 3.452 0.125 

45-59 72 (13.2) -0.001 -0.397 0.395 0.202 1.739 -0.330 3.809 0.996 

60-84 8 (1.5) 0.215 -0.608 1.038 0.419 2.158 0.089 4.228 0.608 

Gender (Male) 168 (30.9)         

Female 376 (69.1) 0.160 -0.059 0.380 0.112 2.044 -0.025 4.113 0.152 

Education (Primary school) 57 (10.5)         

Junior high school   32 (5.9) -0.171 -0.687 0.345 0.262 1.468 -0.602 3.537 0.516 

Senior high school  213 (39.2) 0.011 -0.413 0.434 0.216 1.760 -0.309 3.829 0.960 

Diploma  106 (19.5) -0.011 -0.505 0.483 0.251 1.722 -0.348 3.791 0.965 

Graduated  136 (25.0) 0.272 -0.230 0.775 0.256 2.286 0.217 4.356 0.287 

Occupation (Farmer) 110 (20.2)         

Civil servant  144 (26.5) 0.436 -0.006 0.878 0.225 2.693 0.624 4.763 0.053 

Private employee   71 (13.1) 0.164 -0.310 0.638 0.241 2.051 -0.018 4.120 0.497 

Entrepreneur  105 (19.3) 0.197 -0.167 0.562 0.186 2.121 0.052 4.191 0.288 

Student/university student  114 (21.0) 0.365 -0.094 0.824 0.234 2.508 0.439 4.578 0.119 

Marital status (Unmarried) 205 (37.7)         
Married  319 (58.6) -0.118 -0.425 0.189 0.156 1.548 -0.522 3.617 0.451 

Widow  20 (3.7) -0.232 -0.818 0.353 0.298 1.380 -0.689 3.449 0.436 

Monthly income (<1 million IDR) 276 (50.7)         

1-<2 million IDR  115 (21.1) 0.070 -0.206 0.347 0.141 1.868 -0.201 3.938 0.617 

2 – ≤ 3 million IDR 86 (15.8) 0.024 -0.335 0.383 0.183 1.783 -0.286 3.853 0.895 

> 3 million IDR 67 (12.3) 0.193 -0.238 0.624 0.219 2.112 0.042 4.181 0.380 

Type of residency (Suburb) 387 (71.1)         

City  157 (28.9) 0.442 0.206 0.677 0.120 2.708 0.638 4.777 <0.001** 
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Parameter  n (%) Unstandardized coefficients US$ estimate p-value 
B 95% CI of B SE Mean 95% CI 

Lower Upper Lower Upper 

Have family member(s) who 

suffered from dengue 

 

108 (19.9) 

 

-0.061 

 

-0.332 

 

0.209 

 

0.137 

 

1.637 

 

-0.432 

 

3.707 

 

0.655 

Had experienced dengue fever 48 (8.8) 0.262 -0.127 0.650 0.198 2.262 0.192 4.331 0.186 

Economic status (Poorest quintile) 107 (19.7)         

2nd  110 (20.2) -0.110 -0.439 0.220 0.168 1.560 -0.509 3.630 0.514 

3rd  109 (20.0) -0.248 -0.586 0.089 0.172 1.358 -0.711 3.428 0.149 

4th  111 (20.4) -0.219 -0.569 0.130 0.178 1.398 -0.671 3.467 0.218 

Richest quintile  107 (19.7) -0.326 -0.711 0.059 0.196 1.257 -0.813 3.326 0.097 

Good knowledge on DENV   265 (48.7) 0.184 -0.036 0.403 0.112 2.092 0.022 4.161 0.101 

Good knowledge on dengue fever 192 (35.3) -0.124 -0.336 0.087 0.108 1.538 -0.532 3.607 0.248 

Good attitude toward dengue 150 (27.6) 0.306 0.064 0.549 0.123 2.365 0.296 4.434 0.013* 

Good preventive practice against 

dengue 

178 (32.7) 
0.225 0.012 0.438 0.108 2.180 0.110 4.249 0.039* 

Good attitude toward vaccination 

practice 

103 (18.9) 
0.234 -0.051 0.518 0.145 2.199 0.130 4.268 0.107 

Mean squared error (MSE) 1.109        

F value 3.931 (p<0.001)       

R2 0.209        

B: estimated regression coefficients; CI: confidence interval; IDR: Indonesia rupiah; SE: standard error; US$: American dollar  

*significant at p=0.05; **significant at p=0.001 

 

 

 



326 
 

The final multivariate model revealed that occupation, type of residence, 

knowledge on DENV, attitude towards dengue, and preventive practice 

against dengue were strongly associated with WTP (p<0.05) (Table 7.8). 

Participants who were working as civil servants and who were living in the 

city had a higher WTP compared to reference group (farmer, entrepreneur 

and private employee) and who were living in the suburbs, by US$2.66 and 

US$2.76, respectively. In addition, participants who had good knowledge on 

DENV, good attitude towards dengue and good preventive practice against 

dengue also had a higher WTP by US$2.18 (95%CI: 0.12-4.23), US$2.43 

(95%CI: 0.37-4.48) and US$2.18 (95%CI: 0.12-4.23), respectively. Age, gender, 

had experienced DF, economic status, knowledge on DF and attitude towards 

vaccination practice had no significant association with WTP.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



327 
 

Table 7.8. Final model of determinants associated with the WTP for a dengue vaccine (n=476) 
 

Parameter  Unstandardized coefficients US$ estimate p-value 
B 95% CI of B SE Mean 95% CI 

Lower Upper Lower Upper 
Intercept  0.653 0.253 1.053 0.204 3.324 1.267 5.382 0.001* 
Age (Other age groups)          

30-44 -0.290 -0.509 -0.072 0.111 1.294 -0.763 3.351 0.009* 
Gender (Male)         

Female 0.136 -0.072 0.345 0.106 1.982 -0.075 4.040 0.199 
Occupation (Farmer, entrepreneur, private employee)         

Civil servant  0.433 0.195 0.671 0.121 2.667 0.610 4.724 <0.001** 
Student/university student  0.229 -0.037 0.496 0.136 2.176 0.118 4.233 0.091 

Type of residency (Suburb)         

City  0.469 0.246 0.693 0.114 2.766 0.708 4.823 <0.001** 
Had experienced dengue 0.202 -0.143 0.548 0.176 2.118 0.060 4.175 0.251 
Economic status (Poorest and 2nd quintile)         

3rd  -0.248 -0.586 0.089 0.172 1.358 -0.711 3.428 0.149 
4th  -0.115 -0.384 0.154 0.137 1.543 -0.515 3.601 0.402 
Richest quintile  -0.086 -0.351 0.178 0.135 1.587 -0.471 3.644 0.522 

Good knowledge on DENV   0.231 0.025 0.437 0.105 2.180 0.122 4.237 0.028* 
Good knowledge on dengue fever -0.114 -0.318 0.089 0.104 1.543 -0.515 3.600 0.271 
Good attitude toward dengue 0.340 0.105 0.576 0.120 2.431 0.374 4.488 0.005* 
Good preventive practice against dengue 0.232 0.024 0.440 0.106 2.182 0.124 4.239 0.029* 
Good attitude toward vaccination practice 0.249 -0.028 0.526 0.141 2.218 0.161 4.276 0.078 
Mean squared error (MSE) 1.097        
F value  7.727 (p<0.001)        
R2 0.190        
CI: confidence interval; IDR: Indonesia rupiah; SE: standard error; US$: American dollar  
*significant at p=0.05; **significant at p=0.001 
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7.4.3 Willingness to Participate in a Dengue Study  

7.4.3.1 Participant characteristics 

For this outcome. 535 healthy community members from nine regencies and 

municipalities of Aceh province were included in the final analysis. Their 

characteristics are summarized in Table 7.9. The average age of participants was 

30.8 (17–70) years. The majority (66.9%) were living in suburban areas. No 

participant was illiterate. More than a third (38.7%) had completed senior high 

school (12 years) and approximately a fifth (27.9%) had a university degree. Half 

of the respondents earned less than IDR 1 million  (US $ 81) per month. Although 

only one-tenth of the participants declared having personally experienced 

dengue fever, one-fifth declared that family members had previously suffered 

from dengue fever. In addition, this study found that more than 60% of 

participants had poor knowledge regarding dengue and approximately 70% had 

poor attitude to dengue and poor preventive practices against dengue.  

 

7.4.3.2 Willingness to participate in dengue study and associated determinants 

Only 102 participants (19.1%) had a good willingness to participate in the 

proposed dengue study. Univariate logistic regression analysis revealed that 

being female, working as a civil servant, private employee, entrepreneur or 

student/university student, having high SES, and good KAP domains were 

associated with good willingness to participate (p<0.05) (Table 7.9). Neither age 

group, education, religion, marital status, monthly income, types of residence nor 

previous personal or family experience with DF were associated with willingness 

to participate in dengue research.  

 

Being female increased the odds of having a good willingness to participate, 

approximately twice. Compared to farmers, the odds of having a good 

willingness to participate increased if the participants were working as civil 

servants (OR: 2.84; 95% CI: 1.11–7.23), private employees (OR: 3.91; 95% CI: 1.48–

10.35) or entrepreneurs (OR: 3.44; 95% CI: 1.25–8.57). Participants grouped in the 
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richest quintile had increased odds of having a good willingness to participate 

compared to the poorest quintile (OR: 2.71; 95% CI: 1.04–4.35). As expected, the 

odds of having a good willingness to participate were increased among 

participants who had good KAP domains (OR: 3.36 [95% CI: 2.15–5.24], 6.07 

[3.83–9.63], 1.72 [1.72–2.70]). However, the multivariate logistic regression 

analysis revealed that only knowledge and attitude towards dengue were 

independent predictors of willingness to participate (OR: 2.30 [95% CI: 1.36-3.90] 

and 3.73 [2.24-6.21], respectively) (Table 7.9).    
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Table 7.9. Univariate and multivariate logistic regression analysis showing predictors of willingness to participate in dengue study (good vs. 
poor) (n=535) 
 

Variable n (%) Willingness 
(Good/Poor) 

Univariate Multivariate 
OR (95% CI) p-value aOR (95% CI) p–value 

Regency    0.734 - - 
Aceh Tengah (R) 65 (12.1) 12/53 1    
Langsa 74 (13.8) 14/60 1.03 (0.44-2.42) 0.945   
Aceh Besar 88 (16.4) 20/68 1.30 (0.58-2.89) 0.522   
Aceh Utara 43 (8.0) 10/33 1.34 (0.52-3.44) 0.546   
Aceh Singkil 49 (9.2) 9/40 0.99 (0.38-2.59) 0.990   
Sabang 56 (10.5) 6/50 0.53 (0.18-1.52) 0.238   
Aceh Timur 33 (6.2) 7/26 1.19 (0.42-3.38) 0.745   
Aceh Selatan 67 (12.5)  10/57 0.77 (0.31-1.94) 0.586   
Aceh Tamiang 60 (11.2) 14/46 1.34 (0.56-3.20) 0.503   

Age group    0.273 - - 
17–29 (R) 289 (54.0) 63/226 1    
30–44 179 (33.5) 31/148 0.75 (0.47-1.21) 0.241   
45–59 60 (11.2) 7/53 0.47 (0.20-1.09) 0.080   
60-84 7 (1.3) 1/6 0.60 (0.07-5.06) 0.637   

Gender     0.023*  0.260 
Male (R) 166 (31.0) 22/144 1  1  
Female  369 (69.0) 80/289 1.81 (1.08-3.02)  1.40 (0.77-2.54)  

Education     0.109  0.661 
Primary school (R) 34 (6.4) 3/31 1  1  
Junior high school  31 (5.8) 1/30 0.34 (0.03-3.50) 0.368 0.97 (0.21-4.52) 0.972 
Senior high school  207 (38.7) 39/168 2.40 (0.70-8.25) 0.165 1.35 (0.29-6.34) 0.701 
Diploma  114 (21.3) 26/88 3.05 (0.86-10.80) 0.083 1.43 (0.33-6.24) 0.633 
University graduate  149 (27.9) 33/116 2.94 (0.84-10.22) 0.090 0.43 (0.04-4.81) 0.494 

Occupation      0.079  0.558 
Farmer (R) 139 (26.0) 26/113 1  1  
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Variable n (%) Willingness 
(Good/Poor) 

Univariate Multivariate 
OR (95% CI) p-value aOR (95% CI) p–value 

Civil servant  83 (15.5) 20/63 2.84 (1.11-7.23) 0.029* 1.69 (0.48-5.95) 0.416 
Private employee  100 (18.7) 21/79 3.91 (1.48-10.35) 0.006* 1.41 (0.36-5.42) 0.621 
Entrepreneur  80 (15.0) 6/74 3.28 (1.25-8.57) 0.015* 2.39 (0.73-7.82) 0.149 
Student/university student  133 (24.9) 29/104 3.44 (1.36-8.70) 0.009* 1.63 (0.44-5.99) 0.462 

Religion     0.999  - - 
Muslim (R) 528 (98.7) 102/426 1    
Other 7 (1.3) 0/7 0.00 (0.00-NA)    

Marital status     0.204  0.794 
Unmarried (R) 228 (42.6) 51/177 1  1  
Married  289 (54.0) 47/242 0.67 (0.43-1.05) 0.080 1.66 (0.37-7.36) 0.504 
Widowed  18 (3.4) 4/14 0.99 (0.31-3.14) 0.989 1.04 (0.53-2.06) 0.905 

Monthly income     0.137  0.185 
<1 million (R) 270 (50.5) 56/214 1  1  
1 – ≤ 2 million  108 (20.2) 15/93 0.61 (0.33-1.14) 0.126 1.13 (0.44-2.90) 0.791 
2 – ≤ 3 million  88 (16.4) 13/75 0.66 (0.34-1.28) 0.220 0.54 (0.22-1.34) 0.183 
> 3 million 69 (12.9) 18/51 1.35 (0.73-2.49) 0.338 0.54 (0.25-1.16) 0.117 

Type of residence      0.598   
Suburb (R) 177 (33.1) 36/141 1    
City  358 (66.9) 66/292 1.13 (0.72-1.78)   0.145 

Have family member(s) suffered from DF?    0.213 1  
No (R) 117 (21.9) 27/90 1  1.56 (0.86-2.82)  
Yes  418 (78.1) 75/343 1.37 (0.83-2.26)    

Have you personally suffered from DF?    0.275 - - 
No (R) 48 (9.0) 12/36 1    
Yes  487 (91.0) 90/397 1.47 (0.74-2.94)    

Socioeconomic level    0.293 - - 
Poorest quintile (R) 107 (20) 14/93 1    
2nd 107 (20) 22/85 1.71 (0.82-3.57) 0.147   
3rd 107 (20) 18/89 1.34 (0.63-2.86) 0.444   
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Variable n (%) Willingness 
(Good/Poor) 

Univariate Multivariate 
OR (95% CI) p-value aOR (95% CI) p–value 

4th 107 (20) 22/85 1.71 (0.82-3.57) 0.147   
Richest quintile 107 (20) 26/81 2.71 (1.04-4.35) 0.038*   

Knowledge regarding dengue fever    <0.001**  0.002* 
Poor (R) 341 (63.7) 41/300 1  1  
Good  194 (36.3) 61/133 3.36 (2.15-5.24)  2.30 (1.36-3.90)  

Attitude towards dengue fever    <0.001**  <0.001** 
Poor (R) 381 (71.2) 39/342 1  1  
Good  154 (28.8) 63/91 6.07 (3.83-9.63)  3.73 (2.24-6.21)  

Preventive practice against dengue fever    0.018*  0.373 
Poor (R) 377 (70.5) 62/315 1  1  
Good  158 (29.5) 40/118 1.72 (1.10-2.70)  1.28 (0.75-2.18)  

aOR: adjusted odds ratio; CI: confidence interval; DF: dengue fever; OR: odds ratio; R: reference group 
*significant at p=0.05; **significant at p=0.001 
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Analysis with Spearman’s rank correlation confirmed that there was a weak 

association between SES and WTP (rs = 0.09, p=0.032) (Table 7.10). The 

Spearman’s rank correlation analysis also confirmed that the strongest predictor 

associated with WTP in dengue research were attitude and knowledge regarding 

dengue with rs = 0.49 and rs = 0.19, respectively (p<0.001), while preventive 

practice against dengue had a weak association (rs = 0.13).  

 
Table 7.10. Correlation between willingness to participate in dengue research, SES and 
KAP regarding DENV infection (n=535) 
 

 

7.5 DISCUSSION  

7.5.1 KAP Regarding DENV Infection 

This study provides the first description of KAP regarding DENV infection and 

its prevention in Aceh, Indonesia, where an upward trend in DF incidence has 

been recorded in the aftermath of the 2004 earthquake and tsunami. Although 

there is no data whether this increase trend associated with the disaster or may 

reflect better surveillance systems, these findings may contribute to the 

identification of intervention groups for DF prevention programs and to the 

design and development of intervention programs to protect the health of 

vulnerable groups in the community.  

 

This study found more than 50% of the participants to have poor knowledge 

regarding DF. The lowest average scores of knowledge regarding DF were 

obtained in Aceh Tengah, a regency located in the central region of Aceh at 

approximately 1200 meters above sea level. The regency experiences the coolest 

temperatures in Aceh and has a very low DF incidence due to the low number of 

Variables Correlation (95% CI) p-value 
SES - Willingness 0.09 (0.02-0.16)   0.032* 
Knowledge regarding dengue -  Willingness 0.19 (0.12-0.26) <0.001** 
Attitude regarding dengue -  Willingness 0.49 (0.43-0.54) <0.001** 
Practice against dengue -  Willingness 0.13 (0.06-0.20) <0.001** 
CI: confidence interval 
* Significant at 0.05; **Significant at 0.01 
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competent vectors for DF. In 2012 there were no recorded fatalities due to DF in 

Aceh Tengah. In contrast, the regency of Aceh Timur (mainly lowland) was 

among those with the highest knowledge scores; the CFR of DF in this regency 

was 5.9% in 2012 [845], indicating that knowledge regarding DF is closely related 

to the occurrence and mortality of DF. This finding is consistent with those of a 

previous study in Nepal showing that the knowledge regarding DF was lower 

among highland community members, as consequence of lower exposure to the 

vectors and the diseases, when compared to lowland communities [672].  

 

In univariate analysis, determinants associated with good knowledge regarding 

DF were higher levels of education, occupation (civil servants, private sector 

employees, entrepreneurs, and students), unmarried status, high monthly family 

income, high SES, and living in the city. There was a robust association between 

formal education and knowledge regarding DF in the present study. For 

example, a person with a diploma was almost seven times more likely to have 

good knowledge compared to a person who was illiterate. This association 

increased significantly, to almost 14 times more likely, among persons who 

graduated from a university with a degree. One of the reasons for this may be 

that school and university curricula of different countries vary in their content on 

DF which in turn may affect the knowledge level among literate people. In 

addition, a strong association between income and knowledge level was found in 

the univariate analysis. However, the multivariate regression analysis revealed 

that monthly income and other determinants (education and occupation) were 

confounding factors for the SES, and SES was the only strong independent 

predictor for the knowledge domain regarding DF. One of the possible reasons 

for the association between SES and better knowledge regarding DF is that 

people with higher economic status might have better access to information 

sources on DF [846]. Castro et al. [846] postulated that the combination of better 

access to information about DF and higher education level might assure a better 
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understanding and comprehension of information on DF when accessed; 

therefore, better knowledge regarding DF could be achieved. 

 

The study found a weak association between knowledge of DF and preventive 

practice. Although more than 45% of the participants had good knowledge 

regarding DF (based on the 80% cut-off point), only 32% had good preventive 

practice. For example, 94% of the participants understood that window screens 

and bed nets reduce mosquito biting but only 74% actually used window screens. 

In addition, although 91% of the participants understood that DENV vectors 

breed in standing water, only 73% changed the water in flower containers 

regularly. Less than half of the participants with good knowledge regarding DF 

had good preventive practice. The results indicate that translation from 

knowledge to practice among participants was poor, as has been reported 

elsewhere [672, 847-849]. Although the exact determinant that inhibits the 

translation from knowledge regarding DF into preventive practice is unknown, it 

is suspected that SES could be one of the major determinants among the 

participants in this study. This is based on the following rationale: Firstly, 

analysis found that low education and working as a farmer were associated with 

low preventive practice. As mentioned before, education and occupation were 

confounding factors for SES. Secondly, living in the suburbs was also associated 

with low preventive practice, and the majority of residents in the suburbs had a 

lower education level and were poorer (their main occupation being farming) 

compared to their counterparts in the cities. In addition, there is a major problem 

in the time allocation for farmers, who have to work every day whereas civil 

servants or those in private sector employment have a holiday within the 

weekend. Less time available could be the main reason for less knowledge 

regarding DF among suburban participants, and this reason could be a major 

obstacle for the translation of knowledge into preventive practice among people 

with low SES. Persons who can spare time during weekends might have used 

part of that time for translating their knowledge of DF into preventive practices. 
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As predicted, this study found a strong association between good attitude 

regarding DF and good practice, indicating that the translation of attitudes into 

practice was good. Therefore, appropriate preventive programs should be 

designed to increase not only the knowledge of people but also to improve their 

attitude regarding DF.  

 

To address low knowledge among inhabitants of the suburbs and a lack of 

translation of knowledge into practice at the same time, the role of religion in the 

community should be better appreciated. Approximately 98% of the inhabitants 

of Aceh are Muslim and it is compulsory for an adult male to pray five times a 

day especially every Friday afternoon in the mosque. This occasion could be used 

in close cooperation with mosque management staff to spread educational 

materials on DF and its prevention, such as brochures and fact sheets. In 

addition, the preachers should be encouraged to include health and 

environmental topics, including DF, in the materials used during the spoken 

message after praying. To expand this, mosque management could include 

HCWs to provide DF-related speeches in formal or non-formal religious lecture 

sessions. Furthermore, to increase DF prevention practices, mosque management 

staff could request the community members to do voluntary communal works to 

clean and bury of water containers around dwellings, clear the neighborhood of 

ponds and pits and clean the gutters and surface water drains, especially before 

and during raining season. Up to now, such opportunities have never been used 

in Aceh. Engaging local religious leaders and mosques would have at least two 

advantages: First, it could be more convenient (in terms of time spent) for people 

to receive information at or near the mosque compared to seminars conducted 

either in Puskesmas or the town hall (where attendance is usually very low). 

Second, most of the Acehnese are very observant Muslims and more likely to 

follow their religious leader in the mosque compared to HCWs. Therefore, it 

might be easier and more effective to disseminate information on DF and its 

prevention in this setting. In addition, Aceh is the only province in Indonesia that 
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is implementing Islamic Sharia Law and therefore the religion-related approach 

will be easier to be implemented in Aceh context. However, it should be kept in 

mind that people’s attention to such topics is not very high in the absence of an 

ongoing dengue outbreak or epidemic in the community.  

 

In order to specifically improve the translation of knowledge and attitude into 

real preventive practice, the most appropriate target groups are hospitalized DF 

patients and their family members visiting the hospital. The rationale behind this 

is: (a) that the knowledge regarding DF of these groups was not significantly 

increased compared to participants who had never suffered from DF and had no 

family history of DF, indicating that the existing DF prevention program did not 

educate them enough; (b) the study found that these groups had better attitude 

regarding DF indicating higher awareness; and (c) patients’ family members 

could be more easily interested due to their perceived susceptibility of 

contracting DF because they are living together with the patient. Increased 

perceived susceptibility is an important driver of DF prevention practices [850].  

 

In this study context, the status of previous dengue infection of participants (i.e. 

the presence of the antibody anti-dengue) is not relevant. As a country with 

hyperendemic dengue transmission, almost 90% of  inhabitants aged 15-18-years 

in Indonesia are seropositive for dengue and most seropositive  inhabitants are 

never symptomatic [8]. Inhabitants who experienced symptomatic dengue 

previously are of interest because such experience would be anticipated to 

associate with awareness and attitude towards disease. In this study, information 

regarding symptomatic dengue history in respondents was not recorded. Higher 

use of the internet as a source of information on DF among participants who had 

experienced DF personally or in their family was identified in this study. This 

indicates that this group might have tried to get more information regarding DF 

from the internet during and/or after the DF episode, possibly reflecting 

awareness of the disease. Therefore, both of these groups (patients and their 
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families) appear most suitable for DF education during visits to Puskesmas or 

hospitals. DF education materials could be delivered directly by HCWs to the 

patients or by providing family members with posters, brochures, or booklets 

while in hospital. This strategy could be particularly effective in Aceh where a 

cultural practice exists in which patients in hospital are visited not only by 

members of the core family but also by the extended family and neighbors. All of 

these individuals and groups should be educated on such opportunities, 

improving their knowledge as well as attitude and preventive practice regarding 

DF. In addition, they should be tasked with spreading DF education materials 

among their neighbors (e.g., one person should spread the education materials to 

at least five relatives or neighbors). Adopting a “one for five” strategy could 

quickly disseminate information. In communal settings, Acehnese people will 

discuss their hospitalized relative’s conditions.  It is very likely that this could 

drive the awareness of interlocutors. However, further study should be 

conducted to assess the effectiveness of such a “one for five” strategy in 

increasing the KAP regarding DF in Aceh. 

 

As expected, this study found a negative association between receiving 

information from HCWs in Puskesmas and personal history of DF. In Indonesia, 

the main role of Puskesmas is to implement preventive programs while the major 

role of hospitals is curative. Therefore, Puskesmas might be one of the most 

suitable places for implementing a DF prevention program in order to improve 

preventive practices among local residents. To achieve this in the future, the 

government should encourage HCWs in Puskesmas to better educate DF patients 

and their family members and neighbors, also applying community outreach 

methods like the “one for five” strategy.  

 

Inevitably, there are some limitations of the present study. First, this study could 

not determine how all the reported practices were translated into actual practice 

because the interviewers did not directly inspect the houses inhabited by 
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participants. Second, a desirability bias might exist in some questions within the 

attitude domain. This latter issue has also been reported in similar study from 

Nepal [672].  

 

7.5.2 Acceptance and WTP for a Dengue Vaccine 

7.5.2.1 Acceptance towards dengue vaccine  

Approximately 75% of the participants were willing to accept dengue vaccine on 

the premise that the dengue vaccine was safe and protective against DENV 

infection. The two most important associated determinants for public acceptance 

of the dengue vaccine were attitude towards DF and attitude towards 

vaccination practice. The extent of dengue vaccine acceptance in this study was 

lower than that of a similar study in Bandung, Indonesia, which found a 95% 

acceptance rate [671]. Another study in Indonesia regarding acceptance of human 

papillomavirus (HPV) vaccination also revealed a higher rate (96%) [851].  

 

Good knowledge of DF did not increase dengue vaccine acceptance, whereas 

good attitudes toward DF increased dengue vaccine acceptance by 

approximately four times. Previous studies have also found that knowledge of a 

disease did not have a discernible effect on increasing vaccine acceptance of, for 

example, HPV [851-853], dengue [671] and influenza [854]. Altogether, these 

findings demonstrate that improving understanding of a disease without 

increasing attitudes does not enhance acceptance of a vaccination against a 

particular disease.  

 

The study also suggested that a good attitude towards vaccination practice had a 

robust association with dengue vaccine acceptance. This finding was similar to 

that of a previous study in Bandung, Indonesia [671]. This indicates that general 

community members who have a good attitude towards vaccination practice are 

more supportive of new vaccines. A current study also revealed that a good 
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attitude towards vaccination practice was one of the most important explanatory 

factors regarding a hypothetical vaccine for Ebola [855].  

 

In addition, a high income level and SES was associated with better dengue 

vaccine acceptance. Interestingly, it seemed that SES was not a robust 

explanatory factor, as support for the dengue vaccine was higher in the 4th 

quintile of SES than in the poorest quintile but did not differ between the richest 

and the poorest groups. A review study reported that several previous studies 

have also found SES to be inconsistently related to acceptance of vaccination 

[856]. Some studies have found high SES to be associated with a better vaccine 

acceptance in the USA, Nigeria, Burkina Faso and India, while some studies have 

found it to be associated with a low vaccine acceptance in the USA and Nigeria 

[856]. In addition, some studies have even reported no association [671, 854]. The 

reasons why SES is associated with vaccine acceptance are not always explained. 

However, in the Aceh context, SES is associated with educational attainment, 

monthly income and types of occupation. This confounding effect, in part, could 

explain the inconsistency of the association between SES and dengue vaccine 

acceptance.   

 

Although a study demonstrated that a high education level was associated with a 

better attitude towards dengue vaccination [857], it seems that education was not 

a robust factor in dengue vaccine acceptance. This conclusion was supported by 

the findings that educational attainment lacked a strong association with dengue 

vaccine acceptance. This finding is supported by previous studies that clearly 

found no association between acceptance of viral vaccines and education [851-

854]. Education thus seems to be an intermediate factor that affects and is 

affected by other factors. In addition, previous studies have found conflicting 

results of higher education acting as a promoter [858-861] or a barrier [862-864].  
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Interestingly, previous studies have found that individuals with a personal 

experience of a particular disease were more supportive of vaccination against 

the disease [671, 852, 853]. However, the present study found that participants 

who had direct personal experience with DF and those who had family 

member(s) with a history of DF showed no association with dengue vaccine 

acceptance.  

 

This study had some limitations. First, desirability bias may have existed in some 

of the questions within the domains of attitude towards vaccination practice and 

dengue vaccine acceptance, especially as dengue vaccine acceptance was only 

assessed by a single question. Second, this study was conducted before the 

current dengue vaccine had been licensed, and acceptance to a hypothetical 

dengue vaccine was thus used; therefore, the findings of acceptance from the 

present study might differ from actual acceptance. This study found that 

acceptance of the dengue vaccine was relatively high (more than 75%). This 

should be interpreted carefully regarding the actual acceptance, as in this study it 

was hypothesized that the dengue vaccine was safe and protective against DENV 

infection. In addition, no information related to the dose, administration 

procedure, or the price of the dengue vaccine were provided to the participants 

during the interview. Therefore, the actual acceptance might be lower, as the 

current dengue vaccine requires three doses, and its pooled rates of efficacy are 

only 60.3% [348].  

 

7.5.2.2 WTP for a dengue vaccine  

Out study found that the mean of WTP was US$4.04 and higher WTP was 

positively associated with living in the city, working as civil servant, and having 

a good knowledge on DENV, attitude towards dengue and preventive practice 

against dengue. These findings are comparable with previous studies in 

Bandung, Indonesia [671], the Philippines [830], Vietnam, Thailand and 

Colombia [27]. In Aceh, it is surprisingly that, the percentage of participants who 
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were willing to pay for the highest vaccine price provided and the mean WTP 

were higher compared to findings from Bandung [671]. However, WTP in Aceh 

was lower than in the Philippines [830], Vietnam, Thailand and Colombia [27]. It 

seems that these differences are not directly influenced by the Gross Domestic 

Product per capita of those countries [865] or by the Gross Regional Domestic 

Product per capita of the regions [866], and instead are influenced by direct 

income of the households.  Although this study indicated that both monthly 

income and economic status had no association with WTP, a study reported that 

a household income was one of the most important determinants for a higher 

WTP [27]. One other possible reason is all those studies used different 

hypothetical scenarios (different supposed vaccine effectiveness, duration of 

protection, dose, administration procedure and vaccine prices). In addition, the 

cultural and social background of the respondents could also influence the WTP 

on dengue vaccine.  

 

The study found that age, gender, education attainment, marital status, monthly 

income, experience having DF history and economic status all had no association 

with WTP. In the dengue vaccination context, the previous studies also found 

that age [27, 830], gender [671, 830], educational attainment [27, 671], knowing a 

person who had DF [27, 671], having family members suffered from DF [830] all 

have had no association or have had no consistent association with WTP. The 

summary of the determinants and their association with WTP for a dengue 

vaccine are presented in Table 7.11. In other vaccination contexts, age [682, 867, 

868], gender [681, 867], marital status [682, 867], educational attainment, [682, 

867, 868], a history of previous infection episode [867, 869] also have had no 

effect or had no consistent effect on WTP.  
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Table 7.11. Summary of studies regarding WTP and associated determinants 
 

Variables Present study Hadisoemarto and 
Castro (2013) [671]a 

Lee et al. (2015) [27]b 

 
Palanca-Tan (2008)  
[830]c  

Palanca-Tan (2008) 
[830]d 

Location  Aceh, Indonesia Java, Indonesia Vietnam  Thailand  Colombia Manila Manila 
Mean WTP 4.0 2.6 24.5 47.2 30.3 27.1-32.3 55.6-68.6 
Median  WTP  3.9 1.9 8.7 23.3 7.5  20.0-30.0    60.0 
Dengue vaccine price  - - Yes Yes Yes Yes Yes 
Age  Yes Yes Yes (-) No No Yes No 
Gender No No No No No Yes No 
Education No Yes Yes No Yes - - 
Know previous dengue cases No No Yes No No No No 
Previous vaccine purchase - - Yes - No - - 
Income No - Yes Yes Yes Yes Yes 
Economic status   No Yes  - - - - - 
Knowledge on dengue Noe No - - - No No 
Attitude towards dengue 
(dengue seriousness) 

Yes - No No Yes -  

Attitude to vaccination  No No - - - - - 
Practice against dengue   Yes No Yes No No Yes Yes 
a Analysis based on scenario: the vaccine was 100% safe and protective against dengue and required a single dose (injection).  
b Analysis based on scenario: the vaccine had 70-95% efficacy for 10-30 years, had no side effect, was safe and required three doses in six months interval 
(injection). The mean and median of WTP were parametric estimates (per dose).  
c Analysis based on scenario: the vaccine was completely safe, had no side effects, available as an injection or oral drops and 100% protective against all four 
serotypes of DENV for 1 year. The mean and median of WTP were non-parametric estimates. 
d Analysis based on scenario: the vaccine was completely safe, had no side effects, available as an injection or oral drops and 100% protective against all four 
serotypes of DENV for 10 year. The mean and median of WTP were non-parametric estimates.   
e Combination between knowledge regarding DENV and knowledge dengue fever 
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Interestingly, there was no association between monthly income or economic 

status and WTP. Previously studies revealed that income per capita and 

economic status had a positive association with WTP for a dengue vaccine [27, 

671, 830] and other vaccines [681, 682, 868] indicating that individuals with a 

higher income can afford a more expensive vaccine. However, a previous study 

indicated that income had negative association with WTP for a malaria vaccine in 

Nigeria [867]. There are, at least, two possible reasons. First, it might indicate that 

socio-economic variables behave differently across countries due to the diverse 

contexts of local specific situations. Second, this might be due to high proportion 

of the participants who stated their WTP in the highest vaccine price provided. 

This possibly happened because the maximum vaccine price provided was 

substantially lower compared to the WTP of the participants.   

 

As expected, participants who were working as civil servants and living in the 

cities had a higher WTP compared to their counterpart who were working as 

farmer and living in the suburbs. In the context of Aceh and Indonesia, civil 

servants, individuals who are working in the government sectors and generally 

are living the city, have a higher SES, a higher education attainment and a better 

KAP regarding dengue [870]. In addition, this present study revealed that 

knowledge on DENV (a component of knowledge on dengue), attitude and 

practice regarding dengue are the predictor factors for a higher WTP. This, in 

part, explains the higher WTP among civil servants who are living in the cities. 

 

In addition, those with a good knowledge on dengue were willing to pay more 

for dengue vaccine. This supports the previous finding in Bandung, Indonesia 

that revealed that participants categorized into highest knowledge on dengue 

had a higher WTP for a pediatric dengue vaccine significantly compared to 

participants who had lowest knowledge [671]. The association of good 

knowledge regarding the disease with a higher WTP were also observed for 

other vaccine contexts such rabies vaccine in the Philippines [681] and 
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pneumococcal and influenza vaccine in China [869]. The possible explanations 

how knowledge influences the WTP is: the good knowledge will produce better 

behaviour towards vaccination and increase the positive attitude towards 

vaccination. The good behaviour and positive attitude towards vaccination are 

two important determinants of WTP for a vaccine. However, previous studies 

suggested that the knowledge had no correlation with WTP for a dengue vaccine 

[830], an influenza vaccine [871] and a tick-borne disease vaccine [868]. There are, 

at least, two explanations regarding this different finding. First, it may be that 

knowledge plays a different role in WTP because vaccination is influenced by 

many determinants. Second, the measured knowledge might have no direct 

association with WTP.  In this study for example, not all knowledge regarding 

dengue had an association with WTP. Only knowledge on DENV (how DENV 

are transmitted, the vectors of DENV, and how to prevent infection of DENV) 

was associated with the WTP while knowledge of DF (knowing signs and 

symptoms of DF) had no association. Therefore, including information on DENV 

may be essential when designing the information package for dengue vaccine 

introduction program in order to improve acceptance and WTP in the future.  

 

Furthermore, this study found both good attitude and preventive practices 

against dengue were associated with a higher WTP. In the dengue vaccine 

context, two previous studies did not assess the role of attitude towards dengue 

on WTP [671, 830] while another study found that perceived seriousness of 

dengue had no association with WTP [27]. However, the evidence shows that 

there is an association between [the attitude and perception towards disease] and 

[vaccination behaviour and WTP] [868, 871]. Attitude towards dengue is also 

associated with attitude towards dengue vaccination practice [872]. The 

association of practice regarding dengue on WTP had been explored in two 

previous studies [671, 830]. Interestingly, practice regarding dengue prevention 

was associated with WTP in Manila, the Philippines [830], while it had no 

association in Bandung, Indonesia [671] (Table 7.11). This discrepancy is possibly 
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because the dengue prevention practices in the communities are influenced by 

local tradition and culture [672].  

 

This present study revealed that there was a relatively large fraction of 

participants (29.77%) who were willing to purchase dengue vaccine at the highest 

price provided (US$14.66) and this could be a market price for the vaccine. 

However, in the Indonesian context, approximately 45% of Indonesia’s 

population is not covered by any health insurance and social insurance schemes 

do not usually cover vaccination services [671]. Therefore, to achieve a high 

coverage, provision of partially or fully subsidized vaccines may be necessary.  

 

It is important to note the methodological limitations in this study. First, to 

measure the maximum amount of money that respondent would be willing to 

pay for dengue vaccine, authors went through a list of vaccine prices, in an 

ascending manner starting from free vaccine bid (price per dose). This could 

cause anchoring effect bias and therefore risks resulting in an underestimation of 

WTP. In the present study, although 30% of respondents were willing to pay the 

dengue vaccine in the highest bid (US$14.66), a multi-national study in Thailand, 

Vietnam and Colombia found a much larger fraction of respondents who were 

willing to purchase vaccines at higher price points [27]. Therefore, it is 

recommended to use a single or double bounded dichotomous choice question, 

with different bid levels randomly assigned to respondents [27]. Second, the 

range of the dengue vaccine price in this present study might be substantially 

lower compared to WTP of the participants. This could be one of the reasons of 

inability of this study to measure the effect of economic status on WTP. Finally, 

social desirability bias is inevitable in which participants might tend to give 

favourable answer in some questions given included in WTP section. Therefore, 

to minimize the psychology pressure during interview of this section, five-point 

Likert-like scale ranged from “Very likely” to “Very not likely” was used rather 

than “Yes” and “No. In addition, “hypothetical bias”, the risk that respondents 
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misstate their actual preferences in a hypothetical survey than they would in a 

real-life situation [873], is also might be exist.  

 

7.5.3 Willingness to Participate in a Dengue Study  

Several determinants including site-specific dengue epidemiology and cultural 

characteristics of the study population are important for community 

participation [874]. Understanding the determinants that are correlated with the 

willingness to participate of a particular population is thus essential before one 

sets out to conduct research that requires the participation of the members of that 

community.  

 

This is the first study conducted to specifically explore willingness to participate 

in dengue research in Indonesia and its related determinants. The first study 

regarding willingness to participate in dengue-related research anywhere was 

reported from Puerto Rico where willingness to participate in a dengue vaccine 

efficacy trial had been assessed [842]. Basically, the concept of this study is 

similar to those on willingness to donate a blood sample for genetic research. 

Therefore, the results can also be compared with those from such studies [832, 

834, 837, 844, 875-878].  

 

The study revealed that the percentage of participants with good willingness to 

participate in dengue research was very low, less than 20%. This willingness rate 

is much lower than those reported from European and North American countries 

(60% to more than 90%) [832]. However, these comparisons should be interpreted 

with caution because the willingness rate represents the percentage of 

respondents who had good willingness to participate. The good willingness to 

participate in the present study, however, is defined as a cumulative willingness 

to participate rate between the willingness of the participants to donate their own 

blood and their willingness to allow their family member(s) to do the same if 

participants or their family member(s) suffered from dengue infection. In 
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addition, “undecided” participants in this study were also classified as “poor 

WTP” because a cut-off point of 80% had been set. In Asian countries, Singapore 

for example, only approximately 50% of participants were willing to donate 

blood samples for genetic research [875]. A nationwide survey in South Korea 

found that 25% of the participants were willing to participate in clinical trials 

[879]. This may be an indication of differences in race, ethnicity or culture in the 

study participants [880-883].  

 

In general the determinants associated with willingness to participate in dengue 

research were gender, occupation, SES, and KAP domains. The univariate 

analysis found increasing odds of being willing to participate in dengue research 

if participants were female, working as civil servant, private employee or 

entrepreneur, had high SES or good KAP domains. While the multivariate 

analysis revealed that only knowledge and attitude towards dengue were the 

independent predictors of willingness to participate. The observed high 

willingness to participate in dengue research among women may be associated 

with more pronounced altruism in women compared to men in Indonesia [884]. 

It is well known that altruism is one of the most important determinants for 

willingness to participate in a medical research study [844, 885-888]. A previous 

study also found that being male was associated with high refusal in a genetic 

study that required phlebotomy in US [834]. Interestingly, studies consistently 

found that gender had no association with willingness to participate toward 

blood donation and storage for genetic research in the US [889-891], Sweden 

[892] and in Singapore [875]. One study in the US found that being male 

resulted in higher willingness to participate in cancer genetics research [893]. 

These inconsistent findings explain, in part, why gender was not a robust 

explanatory factor in the present study.   

 

As expected, good knowledge and attitude regarding dengue were identified as 

positive predictors of willingness to participate in dengue research. In a previous 
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study, there was a strong association between good attitudes regarding dengue 

and good preventive practices against dengue, and that there was a good 

translation of attitudes into preventive practice in Aceh [894]. Therefore, the high 

rate of willingness to participate among participants who had a good attitude 

regarding dengue might reflect their efforts for dengue prevention. In addition, it 

has been reported that participants who have a high level of understanding 

(good knowledge) regarding a medical study are more likely to have a positive 

attitude towards participation in a medical study [895].  A study in South Korea 

found that good perception and high awareness concerning medical research 

were identified as positive predictors of willingness to participate in medical 

research [879]. This study revealed that good attitude regarding dengue was the 

strongest determinant for good willingness to participate. Similarly, a study on 

willingness to donate an organ found a significant positive correlation with 

attitude [896]. A good attitude toward genetic research [892] and donation and 

storage of blood specimens for genetic research [889] had strong association 

with high willingness to donate a blood sample for research in Sweden and 

the US, respectively. In Singapore, attitudes were also associated with 

willingness to donate blood for genetic study [875]. In addition, a good attitude 

toward clinical trials had strong association with willingness to participate in 

medical research [879]. Furthermore, it has been well known that lack of 

knowledge and awareness about medical studies is a significant barrier to 

participate in medical studies [879, 897]. Altogether, this underscores that 

knowledge and attitude of participants are the cornerstones for their successful 

recruitment to a medical study. Therefore, higher enrolment rates could be 

achieved through positively changing individual knowledge and attitude toward 

DF and also attitude toward participation dengue research studies such as a 

targeted educational approaches using an educational video [843]. 

 

It was expected that the experience of participants or their families with DF 

would serve to increase a perception of one’s own vulnerability and therefore 
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willingness to participate in research on the topic. For example, a study showed 

that knowing someone who suffered from a particular illness was a very strong 

motivator for participation in related medical research, stronger even than a 

personal history of that illness [898]. In addition, the history of genetic disease 

had strong correlation with the willingness to donate a blood sample in 

Sweden [892]. However, the present study revealed that having a family 

member with a history of DF or a personal history of DF did not increase the 

willingness to participate in dengue research. A similar finding was found in the 

US [834] and Singapore [875], that family history of the disease had no 

association with willingness to donate blood for genetic research. The results of 

these studies suggest a possible explanation for our present work, that 

participants in Aceh who had personally suffered from DF had no significantly 

better knowledge regarding DF [894].   

 

Surprisingly, in this study, formal education level was not associated with 

willingness to participate in dengue research. Education was also not an 

important determinant for willingness to participate in medical research in USA 

[898] and/or to donate blood for genetic research in Singapore [875], US [834, 877, 

890], and Sweden [892]. Furthermore, there was no association between 

education and willingness to participate to participate in vaccine clinical trials in 

Asian countries such as China [843], India [835] and South Korean population 

[879]. One  possible reason is that, although formal education is associated with 

knowledge regarding dengue, it was not associated with attitude to dengue 

[894]. However, other studies did find that formal education was correlated with 

willingness to participate in medical research [899, 900].  

 

Limitations of this study include that willingness to participate is only a stated 

behavioral intention and therefore may not reflect or predict actual enrolment. 

Participants might be more likely to answer positively about willingness to 

participate due to a cultural tendency to exhibit pleasing behavior. Second, 
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willingness to participate in dengue research may depend on determinants other 

than demography and KAP regarding dengue. Therefore, determinants not 

measured in this study (e.g., financial incentive, trust, altruism) could affect 

actual participation rates. Third, this study was unable to assess psychological 

barriers that might affect willingness to participate in dengue research.  

 

7.6 CHAPTER SUMMARY  

This is the first study conducted to explore the extent of community support for 

dengue prevention and control in Aceh, Indonesia. The support was measured 

by community members’ KAP on dengue, acceptance and WTP for a dengue 

vaccine and their stated willingness to participate in dengue research that would 

involve donating 2.5 ml of their blood and allowing their family member(s) to do 

the same if infected with DENV.  

 

The knowledge regarding DF is low among inhabitants. Only one-third of the 

participants had good attitude towards DF and reported good preventive 

practices. SES is the consistent independent predictor for KAP domains. There 

was a strong association between knowledge and attitude regarding DF, and 

between attitude and preventive practice. However, there was a poor translation 

of knowledge into preventive practice. The study found there was a poor 

translation of knowledge into dengue preventive practice in the Acehnese 

population.  

 

The acceptance rate of the DV among inhabitants of Aceh, Indonesia was 

relatively high (approximately 75%). A good attitude towards DF and towards 

vaccination practices were the most important independent predictors of higher 

DV acceptance. High monthly income and SES were also somewhat associated 

with better support for dengue vaccination, but it seemed that the associations 

were not robust. Being halal and providing full protection against DENV 

infection were the most important characteristics of a DV that could promote a 
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high DV acceptance among community members in Aceh, Indonesia. The mean 

and the median of WTP for a dengue vaccine was US$4.04 (95%CI: 3.86-4.23) and 

US$3.97 (95%CI: 3.74-4.23), respectively. Modified determinants for WTP 

included knowledge on DENV, attitude towards dengue and preventive practice 

against dengue. In addition, higher WTP is associated with living in the city and 

working as civil servant.  

 

This study found that the willingness to participate in dengue research was very 

low among community members in Aceh. The two most important associated 

determinants are the knowledge and attitude of participants regarding dengue. 

Therefore, efforts to increase knowledge and attitude regarding dengue in the 

communities prior to conducting dengue-related research may be critical for 

achieving sufficient participation rates.  
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8.1 PREAMBLE  

This is the last of five Result chapters in this thesis. This chapter provides the 

findings on how vigilant Indonesian HCWs are in facing pregnancy-related 

complications of ZIKV infection and how supportive community members are 

for Zika control and prevention measures in the country. Community support 

was evaluated using three indicators: acceptance for a Zika vaccine, WTP for a 

Zika vaccine and willingness to participate in a Zika vaccine trial. The findings 

were derived from two discrete studies: an online-based cross-sectional study 

(for the first indicator) and a health facility-based cross-sectional study (for the 

last two indicators). Both studies focused on Aceh province but were extended to 

other regions of Indonesia to provide a more comprehensive picture at a national 

scale. Detailed methods used in these studies are described in Section 3.11 of 

Chapter 3. The findings and the discussion in this chapter are divided into three 

main sections: knowledge and attitude towards Zika among HCWs (Section 8.4.1 

and Section 8.5.1), acceptance and WTP for a Zika vaccine (Section 8.4.2 and 

Section 8.5.2) and willingness to participate in a Zika vaccine trial (Section 8.4.3 

and Section 8.5.3).  

 

8.2 INTRODUCTION 

Zika, caused by infection with ZIKV, is a re-emerging public health threat. 

Infection with ZIKV is usually associated with mild symptoms [583], but the 

infection may cause severe complications including congenital microcephaly [46, 

624]. Multiple outbreaks of microcephaly associated with Zika cases have been 

reported since its re-emergence [47-50, 718].  In Brazil for example, during two 

Zika outbreaks in 2015 and 2016, 1950 cases of microcephaly were reported 

[718].  Microcephaly associated with ZIKV infection has been also reported in 

Asian countries [719-721]. This devastating complication was one factor that led 

the WHO to declare ZIKV infection as a Public Health Emergency of 

International Concern (PHEIC) in 2016 [901]. 



355 
 

In Indonesia, although there has not been any Zika outbreak, there is evidence of 

ZIKV transmission [54-59, 132]. A recent modelling study ranked Indonesia as 

the third country most at risk for ZIKV exposure due to the monthly volume of 

airline travellers [61]. These studies suggest Zika is potentially a major health 

problem in Indonesia. In order to mitigate the devastating Zika complications, it 

is important to diagnose the disease in its early stages and implement prevention 

programmes. Assessment of knowledge about ZIKV infection among HCWs can 

identify problems that HCWs may face in reaching this diagnosis. Zika-related 

knowledge is important since knowledge gaps may lead to attitudes and 

practices that hamper ZIKV infection diagnosis, management, and risk reduction 

in the clinical setting [902]. Studies related to knowledge and attitude towards 

ZIKV infection have been conducted in various community groups [71, 583, 903-

924], but very few studies have been conducted among HCWs. Studies to fill this 

gap in the literature are required. 

 

In the context of Indonesia, GPs are the frontline HCWs who are responsible for 

the early diagnosis, treatment, and prevention of diseases including ZIKV 

infection. In addition, the symptoms of ZIKV infection are similar to those of 

other mosquito-borne infections such as DF or chikungunya fever [925]. It is 

important for GPs to recognize symptoms of ZIKV infection in order to detect or 

prevent complications. To provide a quick assessment of how vigilant of GPs in 

Indonesian are in facing and to mitigating the complications of ZIKV infection, 

an online-based cross-sectional study was conducted to provide a snapshot of 

their knowledge and attitude towards pregnancy-related complications of ZIKV 

infection. 

 

In addition to these, assessment of HCW preparedness to face the Zika cases and 

to mitigate complications, one of the most important pieces of information that 

needs to be determined is how supportive community members are towards 

Zika control and prevention measures. Community support could be assessed in 
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various ways, but one of the most important is to assess their acceptance and 

WTP for a Zika vaccine and their willingness to participate in human clinical 

trials for Zika vaccine.  

 

Today, although non-vaccine control measures for ZIKV transmission are 

available, such as vector control and safe sex practices [926], development of a 

vaccine remains a priority public health prevention strategy considering the 

multiple routes of transmission [62]. WHO also has listed the prophylactic 

vaccination strategy as a priority to prevent severe ZIKV complications such as 

microcephaly and brain abnormalities [64]. Although a Zika vaccine is currently 

not available, multiple vaccine candidates are being developed and some of them 

have entered clinical trials [65-67]. There are some key considerations that will 

affect Zika vaccine uptake and future distribution in an immunization program; 

two of the most important issues are public acceptance and WTP for the vaccine.  

 

Information on Zika vaccine acceptance in Asia is limited to a single study 

among pregnant women in Malaysia [71], and only one study related to WTP for 

a Zika vaccine is available [927]. Therefore a study to assess the community 

acceptance and WTP for a hypothetical Zika vaccine and associated modifiable 

determinants is important. The findings are expected to inform policies and 

strategies for the prevention and control of ZIKV if a vaccine is made available in 

the near future.  

 

In addition, one of the key crucial steps before a vaccine can be licenced and 

approved is that the vaccine should be tested in human clinical trials. One of the 

challenges in conducting such studies is the recruitment of an adequate number 

of participants. Participant recruitment is dependent on the target populations’ 

willingness to participate. Several motivations and barriers have been identified 

to be associated with willingness to participate in clinical trials [928-930]. 

However, new emerging infectious disease with severe complications for infants, 
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such as ZIKV infection, might have additional considerations. It is possible that 

people may be less aware of the emerging disease or may be more concerned 

about vaccine safety, and their willingness to be vaccinated may be coloured by 

their attitudes towards vaccination in general. Understanding how these factors 

relate to willingness to participate in advance of a clinical trial can lead to better 

assurance that there will be adequate community participation during the 

vaccine trial. Therefore, assessment to determine the willingness to participate in 

a Zika vaccine trial, its possible explanatory determinants, and the impact of 

financial compensation is needed.   

 

8.3 AIMS OF STUDY  

The aims of the studies were:  

a. To assess knowledge and attitudes towards pregnancy-related issues of ZIKV 

infection among GPs in Indonesia. 

b. To assess acceptance for a hypothetical Zika vaccine and its associated 

determinants in Indonesia.  

c. To assess the WTP for a hypothetical Zika vaccine and its associated 

determinants in Indonesia.  

d. To assess the willingness to participate in Zika vaccine trials, its associated 

determinants, and the impact of financial compensation on willingness to 

participate in Indonesia.  

 

8.4 RESULTS  

8.4.1 Knowledge and Attitude towards ZIKV Infection  

8.4.1.1 Participants’ characteristics 

During the online-survey, 850 responses were received and among these, 393 

(46.2%) responses had to be excluded due to incomplete information, leaving a 

total of 457 (53.8%) participants with complete responses. Approximately 60% of 

the participants were 30 years old or younger, and 66.3% of them had a medical 

practice experience of less than five years (Table 8.1). Approximately 10% of the 
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respondents had an additional higher degree such as a master or doctoral degree. 

The number of women was 16% higher than the number of men (58.0% vs. 

42.0%). The occupation of 12.3% of the respondents included an appointment 

both as a GP and university staff, and less than 10% of them were specialist 

resident. A third of the participants were working in emergency units, and 

approximately the same number was working in community health centres 

(Puskesmas). The majority (70.3%) of the GPs enrolled in this survey were 

working in a health centre located in the rural (district) or sub-urban (regency) 

areas, and about 30% of them were working in the urban areas (provincial level). 

Although 66.1% of the participants had attended a provincial conference, 93.0% 

of them had not attended an international conference within the last five months. 

Approximately 8% of the surveyed GPs had had contact with a patient 

presenting signs and symptoms of ZIKV infection. 

 

8.4.1.2 Knowledge and associated determinants   

There were 304 (66.5%) respondents who had good knowledge about pregnancy-

related issues of ZIKV infection. Approximately 88.5% knew that ZIKV can be 

passed from a pregnant woman to the foetus, and 92.7% knew that a baby could 

have congenital defects if infected during pregnancy. Interestingly, although 416 

(91.0%) correctly mentioned that microcephaly was a congenital condition 

associated with ZIKV infection, 65.8% of the respondents also answered that a 

ventricular septal defect was a complication associated with ZIKV infection.  

 

The associations between knowledge and explanatory variables from four 

domains (sociodemographic status, workplace characteristics, professional 

development characteristics, and experience related to Zika disease) were 

assessed. None of those explanatory variables was associated with knowledge 

(Table 8.1).  
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Table 8.1. Univariate and multivariate logistic regression analysis showing predictors of knowledge about ZIKV infection (good vs. poor) (n=457) 
 

Variable n (%) Good knowledge  
n (%) 

Univariate Multivariate 
OR (95% CI) p-value aOR (95% CI) p–value 

Location        
Aceh  (R)   365 (79.9) 245 (67.1) 1    
Non-Aceh    92 (20.1) 59 (64.1) 0.88 (0.54-1.41) 0.587   

Gender       
Male (R) 192 (42.0) 128 (66.7) 1    
Female  265 (58.0) 176 (66.4) 0.99 (0.67-1.47) 0.995   

Age group        
30 years or less (R)  279 (61.1) 183 (65.6) 1    
More than 30 years  178 (38.9) 121 (68.0) 1.11 (0.75-1.66) 0.598   

Education        
General practitioner (GP) (R)  407 (89.1) 267 (65.6) 1  1  
GP with master’s or doctoral degree  50 (10.9) 37 (74.0) 1.49 (0.77-2.90) 0.237 1.20 (0.55-2.63) 0.642 

Occupation         
GP and non-university staff (R)  356 (77.9) 235 (66.0) 1  1  
GP and university staff  56 (12.3) 43 (76.8) 1.70 (0.88-3.29) 0.113 1.47 (0.67-3.21) 0.334 
Specialist residency  45 (9.8) 26 (57.8) 0.71 (0.38-1.32) 0.227 0.61 (0.30-1.22) 0.162 

Department          
Community health centre (R)  162 (35.4) 103 (63.6) 1    
Emergency unit  136 (29.8) 95 (69.9) 1.33 (0.82-2.16) 0.254   
Others  159 (34.8) 106 (66.7) 1.15 (0.72-1.81) 0.562   

Type of workplace        
     Community health centre (R)  95 (20.8) 57 (60.0) 1  1  

Private clinic or hospital  191 (41.8) 133 (69.6) 1.53 (0.92-2.56) 0.105 1.39 (0.82-2.36) 0.222 
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Variable n (%) Good knowledge  
n (%) 

Univariate Multivariate 
OR (95% CI) p-value aOR (95% CI) p–value 

Government hospital  171 (37.4) 114 (66.7) 1.33 (0.79-2.24) 0.277 1.50 (0.86-2.60) 0.153 
Location of workplace        

District (R)  137 (30.0) 87 (63.5) 1    
Regency  184 (40.3) 123 (66.8) 1.16 (0.73-1.84) 0.533   
Province  136 (29.7) 94 (69.1) 1.29 (0.78-2.13) 0.327   

Attended province-level conference        
Yes  302 (66.1) 202 (66.9) 1.05 (0.70-1.58) 0.817   
No (R) 155 (33.9) 102 (65.8) 1    

Attended national conference       
Yes  160 (35.0) 104 (65.0) 0.90 (0.60-1.35) 0.613   
No  (R) 297 (65.0) 200 (67.3) 1    

Attended international conference       
Yes  32 (7.0) 20 (62.5) 0.83 (0.39-1.74) 0.618   
No (R) 425 (93.0) 284 (66.8) 1    

Medical practice experience (years)        
Less than 5 years  (R) 303 (66.3) 197 (65.0) 1    
5 years or more  154 (33.7) 107 (69.5) 1.23 (0.81-1.86) 0.340   

Had contact with patient(s) presenting signs and 
symptoms of  ZIKV infection 

      

Yes  36 (7.9) 22 (61.1) 0.78 (0.39-1.56) 0.475   
No (R)  421 (92.1) 282 (67.0) 1    

aOR: adjusted odds ratio; CI: confidence interval; OR: odds ratio; SD: standard deviation   
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8.4.1.3 Attitude and associated determinants 

Although the knowledge level of the respondents was relatively high, only 111 

(24.2%) of them had a positive attitude. Sixty percent of the respondents believed 

that women with ZIKV infection should undergo Caesarean section, or were not 

sure whether they should. Although more than 65% of the respondents believed 

that antibiotic treatment was not required for women with ZIKV infection, 107 

(23.4%) of them were still confused about this treatment option. In addition, 

almost 50% of the respondents believed that pregnant women with ZIKV 

infection should be treated with an antiviral drug, and 116 (25.4%) were unsure 

whether antiviral medication was required.  

 

Among explanatory variables that were assessed, older age and contact 

experience with a patient presenting signs and symptoms of ZIKV infection were 

associated with a positive attitude in the univariate analysis (OR: 1.87, 95% CI: 

1.21-2.88, p=0.005, and OR: 3.53, 95% CI: 1.76-7.05, p<0.001, respectively). The 

multivariate analysis revealed that only contact experience was significantly 

associated with attitude (OR: 3.14, 95% CI: 1.49-6.58, p=0.003) (Table 8.2). 

 

8.4.1.4 Association between knowledge and attitude 

The study found there was a significant but weak positive correlation between 

knowledge and attitude towards pregnancy-related issues of ZIKV infection 

(r=0.09; 95% CI: 0.02-0.18, p=0.037). This indicates that attitude was increasingly 

positive with greater knowledge. To validate this result, further analysis was 

conducted using knowledge and attitude scores that had been classified as 

“good” and “poor” based on a cut-off point of 75%. The analysis indicated that 

there was no impact of knowledge on attitude using this classification system 

(OR: 1.41, 95% CI: 0.88-2.25, p=0.154). 
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Table 8.2. Univariate and multivariate logistic regression analysis showing predictors of attitude towards ZIKV infection (good vs. poor) (n=457) 
 

Variable n (%) Good attitudes  
n (%) 

Univariate Multivariate 
OR (95% CI) p-value aOR (95% CI) p–value 

Location        
Aceh  (R)  365 (79.9) 84 (23.0) 1  1  
Non-Aceh    92 (20.1) 27 (29.3) 1.39 (0.83-2.32) 0.207 1.31 (0.75-2.27) 0.341 

Gender       
Male (R)  192 (42.0) 54 (28.1) 1  1  
Female  265 (58.0) 57 (21.5) 0.70 (0.46-1.08) 0.104 0.64 (0.40-1.03) 0.065 

Age group        
30 years or less (R)  279 (61.1) 55 (19.7) 1  1  
More than 30 years  178 (38.9) 56 (31.5) 1.87 (1.21-2.88) 0.005* 1.59 (0.78-3.21) 0.200 

Education        
General practitioner (GP) (R)  407 (89.1) 93 (22.9) 1  1  
GP with master’s or doctoral degree  50 (10.9) 18 (36.0) 1.90 (1.02-3.54) 0.043* 1.83 (0.82-4.08) 0.140 

Occupation         
GP and non-university staff (R) 356 (77.9) 82 (23.0) 1  1  
GP and university staff  56 (12.3) 18 (32.1) 1.58 (0.86-2.92) 0.142 0.63 (0.27-1.51) 0.300 
Specialist residency  45 (9.8) 11 (24.4) 1.08 (0.53-2.23) 0.833 0.41 (0.16-1.02) 0.056 

Department          
Community health centre (R)  162 (35.4) 40 (24.7) 1    
Emergency unit  136 (29.8) 30 (22.1) 0.86 (0.50-1.48) 0.594   
Others  159 (34.8) 41 (25.8) 1.06 (0.64-1.75) 0.821   

Type of workplace        
     Community health centre (R)  95 (20.8) 19 (20.0) 1    

Private clinic or hospital  191 (41.8) 48 (25.1) 1.34 (0.74-2.45) 0.336   
Government hospital  171 (37.4) 44 (25.7) 1.39 (0.75-2.55) 0.293   

Location of workplace        
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Variable n (%) Good attitudes  
n (%) 

Univariate Multivariate 
OR (95% CI) p-value aOR (95% CI) p–value 

District (R)  137 (30.0) 26 (19.0) 1  1  
Regency  184 (40.3) 46 (25.0) 1.42 (0.83-2.45) 0.202 1.37 (0.78-2.41) 0.275 
Province  136 (29.8) 39 (28.7) 1.72 (0.98-3.02) 0.061 1.70 (0.88-3.28) 0.116 

Attended province-level conference        
Yes  302 (66.1) 79 (26.2) 1.36 (0.85-2.17) 0.194 1.19 (0.71-1.99) 0.506 
No (R) 155 (33.9) 32 (20.6) 1  1  

Attended national conference       
Yes  160 (35.0) 47 (29.4) 1.51 (0.98-2.35) 0.064 1.18 (0.70-1.98) 0.540 
No  (R) 297 (65.0) 64 (21.5) 1  1  

Attended international conference       
Yes  32 (7.0) 11 (34.4) 1.70 (0.79-3.65) 0.172 1.04 (0.44-2.46) 0.937 
No (R) 425 (93.0) 100 (23.5) 1  1  

Medical practice experience (years)        
Less than 5 years (R) 303 (66.3) 64 (21.1) 1  1  
5 years or more   154 (33.7) 47 (30.5) 1.64 (1.06-2.55) 0.028* 1.28 (0.63-2.64) 0.496 

Had contact with patient(s) presenting signs and 
symptoms ZIKV infection 

      

Yes  36 (7.9) 18 (50.0) 3.53 (1.76-7.05) <0.001** 3.14 (1.49-6.58) 0.003* 
No (R)  421 (92.1) 93 (22.1) 1  1  

aOR: adjusted odds ratio; CI: confidence interval; OR: odds ratio; SD: standard deviation , *significant at p=0.05; **significant at p=0.001 
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8.4.2 Acceptance and WTP for a Zika Vaccine 

8.4.2.1 Acceptance of Zika vaccine  

a. Participants’ characteristics 

During the study, 1,102 respondents in eleven regencies were approached 

and interviewed and 145 (13.2%) refused to participate or had incomplete 

interviews. Most participants discontinued the interview when they were 

called by a nurse to meet a doctor. A total of 956 (86.8%) participants were 

analyzed for Zika vaccine acceptance. The characteristics of the participants 

are depicted in Table 8.3. A majority of the respondents (73.1%) was between 

20-39 years old. No participants were illiterate and approximately 85% of the 

respondents had finished their senior high school (year 12). More than half of 

the participants earned less than  IDR 3 million (approximately American 

Dollar (US$) 210.2) each month. Approximately 60% of the participants had 1 

or 2 children and less than 5% of participants were pregnant. Approximately 

a quarter of the participants had heard about Zika. 

 

According to the PACV questionnaire, 152 (15.9%) of the respondents had a 

poor attitude towards childhood vaccination (Table 8.3). With each 

subdomain analyzed separately, poor attitudes were held by 61.6% for 

vaccine safety and efficacy, 39.8% for vaccination behavior, and 7.2% for 

general attitudes. 
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Table 8.3. Univariate and multivariate logistic regression analysis showing predictors of acceptance for a Zika vaccine (willing vs. not willing) 
(n=956) 
 

Variable n (%) Willing (%) Univariate Multivariate 
OR (95% CI) p-value aOR (95% CI) p–value 

Age group (years)       
20–29 (R) 230 (24.0) 184 (80.0) 1  - - 
30–39  469 (49.1) 365 (77.8) 0.88 (0.59–1.30) 0.511   
40–49 189 (19.8) 152 (80.4) 1.03 (0.63–1.67) 0.914   
More than 50 68 (7.1) 56 (82.4) 1.17 (0.58–2.36) 0.667   

Gender        
Male (R) 129 (13.5) 97 (75.2) 1  1  
Female 827 (86.5) 660 (79.8) 1.30 (0.85–2.01) 0.231 1.39 (0.82–2.35) 0.223 

Educational attainment        
Primary school (R) 42 (4.4) 30 (71.4) 1  1  
Junior high school  106 (11.1) 86 (81.1) 1.72 (0.75–3.94) 0.199 1.34 (0.51–3.50) 0.555 
Senior high school  361 (37.8) 269 (74.5) 1.17 (0.58–2.38) 0.665 0.65 (0.28–1.50) 0.310 
Diploma certificate  223 (23.3) 194 (87.0) 2.68 (1.23–5.81) 0.013* 1.05 (0.40–2.76) 0.919 
University graduate 224 (23.4) 178 (79.5) 1.55 (0.74–3.26) 0.250 0.74 (0.29–1.92) 0.537 

Employment status       
Unemployment (R) 471 (49.3) 359 (76.2) 1  1  
Employee 485 (50.7) 398 (82.1) 1.43 (1.04–1.95) 0.027* 1.27 (0.81–2.00) 0.301 

Monthly income (IDR)        
Less than 3 million  (R) 523 (54.7) 402 (76.9) 1  1  
3–5 million  328 (34.3) 270 (82.3) 1.40 (0.99–1.99) 0.058 1.12 (0.74–1.69) 0.607 
More than 5 million 105 (10.9) 85 (80.9) 1.25 (0.73–2.15) 0.416 0.99 (0.52–1.89) 0.982 

Number of children       
The first pregnancy (R) 31 (3.2) 22 (71.0) 1  1  
1–2  564 (59.0) 444 (78.7) 1.51 (0.68–3.37) 0.311 1.56 (0.63–3.88) 0.340 
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Variable n (%) Willing (%) Univariate Multivariate 
OR (95% CI) p-value aOR (95% CI) p–value 

3–5  337 (35.3) 274 (81.3) 1.78 (0.78–4.05) 0.170 2.01 (0.78–5.18) 0.147 
More than 5 24 (2.5) 17 (70.8) 0.99 (0.31–3.21) 0.991 1.23 (0.32–4.77) 0.762 

Have heard about Zika        
No (R) 704 (73.6) 530 (75.3) 1  1  
Yes  252 (26.4) 227 (90.1) 2.98 (1.91–4.66) <0.001** 2.37 (1.44–3.88) 0.001* 

Attitude towards childhood vaccination        
Poor (R) 152 (15.9) 67 (44.1) 1  1  
Good 804 (84.1) 690 (85.8) 7.68 (5.27–11.19) <0.001** 3.41 (2.01–5.79) <0.001** 

Vaccination behaviour  subdomain       
Poor (R) 368 (39.8) 253 (68.8) 1  - - 
Good 557 (60.2) 482 (86.5) 2.92 (2.10–4.06) <0.001**   

General attitude subdomain        
Poor (R) 69 (7.2) 18 (26.1) 1  1  
Good 887 (92.8) 739 (83.3) 14.15 (8.04–24.91) <0.001** 3.71 (1.80–7.63) <0.001** 

Vaccine safety and efficacy subdomain       
Poor (R) 589 (61.6) 427 (72.5) 1  1  
Good 367 (38.4) 330 (89.9) 3.38 (2.30–4.97) <0.001** 1.91 (1.23–2.94) 0.004* 

aOR: Adjusted odds ratio; CI: confidence interval; IDR: Indonesian Rupiah; OR: odds ratio; R: reference group 
*significant at p=0.05; **significant at p=0.001 
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b. Acceptance of Zika vaccine and associated determinants 

A total of 757 (79.1%) participants expressed their acceptance of a Zika 

vaccine. The univariate analysis demonstrated that having a diploma 

certificate, having a job, having heard about Zika and having a good attitude 

towards childhood vaccination predicted Zika vaccine acceptance (Table 8.3). 

Although participants who had a diploma certificate had an increased odds 

of having a good Zika vaccine acceptance compared to the participants who 

only completed primary school, there was no significant difference between 

the highest educational category and the reference category of primary 

school. Having a job was associated with better support for Zika vaccine, 

with an OR of 1.43 (95% CI: 1.04-1.95). In addition, having heard information 

on Zika also predicted vaccine acceptance with an OR: 2.98 (95% CI: 1.91–

4.66), p<0.001.  

 

As predicted, those with good attitude towards childhood vaccination were 

more supportive of Zika vaccine (OR: 7.68; 95% CI: 5.27-11.19, p<0.001). When 

divided by subdomain, each subdomain was also strongly associated with 

Zika vaccine acceptance. Compared to participants with poor attitude 

towards vaccination behaviour and safety-efficacy, those with good attitude 

were approximately three times more likely to have a better acceptance for 

Zika vaccine, with OR: 2.92 (95% CI: 2.10–4.06) and 3.38 (95% CI: 2.30–4.49), 

respectively. Those with a good general attitude towards childhood 

vaccination were 14 times more likely to have a better support for Zika 

vaccine (95% CI: 8.04–24.91).  

 

In the multivariate analysis, those who heard about Zika (OR: 2.37, 95% CI: 

1.44–3.88) and who had a good attitude towards childhood vaccination (OR: 

3.41, 95% CI: 2.01–5.79) were significantly associated with acceptance of Zika 

vaccine (Table 8.3). This positive association was also true for the 

subdomains within childhood vaccination attitude that were included in the 
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multivariate analysis (i.e., general attitude and the vaccine safety-efficacy 

subdomain).  

 

8.4.2.2 WTP for a Zika vaccine  

a. WTP for a Zika vaccine 

Out of 956 respondents who provided completed information, a very small 

number of them  (n=34, 3.6%) stated that they would not be vaccinated even if 

Zika vaccine was provided for free, while a majority of respondents (n=584, 

61.1%) stated they would be vaccinated only if Zika vaccine was provided for 

free. Only 338 respondents (35.3% of those with complete data) were willing 

to pay for a Zika vaccine and these were included in the final data analysis. 

The mean and median of WTP was US$ 13.1 (95% CI: 11.37–15.09) and US$ 

7.0 (95% CI: 4.47–10.98), respectively.  

 

Among those who were willing to pay for Zika vaccine, 11.4% of participants 

expressed their WTP at US$ 3.5, and decreased constantly to 7.7%, 6.5%, and 

2.3% as the price for Zika vaccine went up to US$ 7.0, US$ 17.5, and US$ 35.0, 

respectively (Fig 8.1). Only 3.2% (30/956) of the respondents were still willing 

to pay for the vaccine at the highest price provided (US$ 210.2).  
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Figure 8.1. Vaccine price and proportion of those who willing to pay  

Relationship between the presented price and proportion of participants who are 
willing to pay a Zika vaccine in Aceh and West Sumatra, Indonesia. Red dotted line 
indicates the percentage of participants who are willing to be vaccinated if the 
vaccine was provided for free. 
 

b. WTP and associated determinants 

The initial model of multivariate linear regression revealed that having a 

monthly income more than IDR 5 million (US$ 350.3) and having heard about 

Zika were the only variables associated with WTP for a Zika vaccine (p<0.05) 

(Table 8.4).   

 

The final multivariate model revealed that having a job, a higher income 

(more than IDR 5 million) and preexisting knowledge related to Zika disease 

were all significantly associated with WTP (Table 8.5). Compared to 

unemployed respondents, those who had a job were WTP US$ 21.51 more, 

and those with a higher income were WTP US$ 33.80 more than those with a 

monthly income less than IDR 3 million (US$ 210.2). Compared to 

respondents who never heard about Zika prior the study, those who had 

preexisting information about Zika were WTP US$ 26.64 more. These data 

indicate that the monthly income is the strongest predictor for WTP for a Zika 

vaccine. 
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Table 8.4. Initial model of multivariate linear regression analysis showing factors associated with the WTP for a Zika vaccine (n=338) 
 

Parameter  Unstandardized coefficients US$ estimate p-value 
B 95% CI of B SE Mean 95% CI 

Lower Upper Lower Upper 
Intercept  1.809 0.731 2.887 0.550 12.64 10.27 15.00 0.001 
Age group (Reference group: 20–29 years)                  

30–39 -0.023 –0.384 0.338 0.184 12.35 9.99 14.71 0.920 
40–49 0.102 –0.370 0.574 0.241 13.99 11.63 16.36 0.671 
More than 50 0.575 –0.262 1.412 0.427 22.46 20.10 24.83 0.179 

Gender (Male)         
Female 0.191 –0.232 0.614 0.216 15.30 12.93 17.66 0.376 

Education (Primary school)                  
Junior high school  0.286 –0.469 1.041 0.385 16.82 14.46 19.19 0.459 
Senior high school  0.406 –0.300 1.112 0.360 18.97 16.60 21.33 0.261 
Diploma certificate  0.721 –0.065 1.507 0.401 25.99 23.63 28.36 0.073 
University graduate  0.431 –0.373 1.235 0.410 19.45 17.08 21.81 0.293 

Employment status (Unemployment)                  
Employee  0.353 –0.012 0.718 0.186 17.99 15.62 20.35 0.059 

Monthly income (IDR) (Less than 3 million)                 
3–5 million  0.019 –0.330 0.368 0.178 12.88 10.51 15.24 0.914 
More than 5 million   0.785 0.354 1.216 0.220 27.71 25.35 30.08 <0.001** 

Number of children (The first pregnancy)                 
1–2  -0.073 -0.863 0.717 0.403 9.22 6.83 11.60 0.857 
3–5  –0.191 –0.512 0.130 0.164 10.44 8.07 12.80 0.245 
More than 5 –0.578 –1.407 0.251 0.423 7.09 4.72 9.45 0.172 

Have heard about Zika (No)                  
Yes 0.579 0.242 0.916 0.172 22.55 20.19 24.92 0.001* 

Attitude towards childhood vaccination (Poor)                 
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Parameter  Unstandardized coefficients US$ estimate p-value 
B 95% CI of B SE Mean 95% CI 

Lower Upper Lower Upper 
Good  0.158 –0.412 0.728 0.291 14.80 12.44 17.17 0.587 

Vaccination behaviour  subdomain (Poor)                 
Good   0.083 –0.262 0.428 0.176 13.73 11.37 16.10 0.636 

General attitude subdomain (Poor)                 
Good  –0.476 –1.260 0.308 0.400 7.85 5.48 10.21 0.235 

Vaccine safety and efficacy subdomain (Poor)                 
Good    –0.184 –0.494 0.126 0.158 10.51 8.15 12.88 0.248 

Mean squared error (MSE) 1.456        
F value 4.416 (p<0.001)       
R2 0.215        
B: estimated regression coefficients; CI: confidence interval; IDR: Indonesia rupiah; SE: standard error; US$: American dollar  
*significant at p=0.05; **significant at p=0.001 
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Table 8.5. Final model of multivariate linear regression analysis showing factors associated with the WTP for a Zika vaccine (n=338) 
 

Parameter  Unstandardized coefficients US$ estimate p-value 
B 95% CI of B SE Mean 95% CI 

Lower Upper Lower Upper 
Intercept  1.954 1.748 2.160 0.105 14.592 12.229 16.955 <0.001 
Age group (Reference group: 20–29 years)                 

More than 50 0.462 –0.300 1.224 0.389 23.162 20.799 25.525 0.236 
Education (Primary school)                 

Diploma certificate  0.272 –0.051 0.595 0.165 19.154 16.791 21.517 0.100 
Employment status (Unemployment)                  

Employee  0.388 0.102 0.674 0.146 21.510 19.147 23.873 0.008* 
Monthly income (IDR) (Less than 3 million)                 

More than 5 million  0.840 0.497 1.183 0.175 33.801 31.438 36.164 <0.001** 
Have heard about Zika (No)                  

Yes 0.602 0.306 0.898 0.151 26.642 24.279 29.005 <0.001** 
Mean squared error (MSE) 1.453   

     

F value 14.825 (p<0.001)  
     

R2 0.183   
    

 
B: estimated regression coefficients; CI: confidence interval; IDR: Indonesia rupiah; SE: standard error; US$: American dollar  
*significant at p=0.05; **significant at p=0.001 
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8.4.3 Willingness to Participate in a Zika Vaccine Trial   

8.4.3.1 Participant characteristics 

The characteristics of the participants have been presented in Table 8.3. Briefly, 

Approximately 45% of respondents had attended a university, and none were 

illiterate. There was approximately an equal proportion of employed and 

unemployed participants (50.7% vs. 49.3%). More than half of the participants 

earned less than IDR 3 million (US$ 210.2) every month and approximately 60% 

of them had 1-2 children. In addition, this study found that only 252 (26.4%) of 

participants had heard about Zika prior to the interview. Overall, 84.1% of 

participants had a good attitude towards childhood vaccination and the 

prevalence of participants who had good scores for each sub-domain was 60.2% 

for vaccination behavior, 92.8% for general attitude towards vaccination, and 

38.4% for vaccine safety and efficacy. In total, 79.2% of participants stated their 

support for Zika vaccine. 

 

8.4.3.2 Willingness to participate and associated determinants 

In this study, only 144 (15.1%) of participants were willing to participate in a Zika 

vaccine trial without financial compensation. The univariate analysis found that 

an age of more than 50 years old, being female, having heard about Zika and 

supporting Zika vaccine were all associated with willingness to participate 

(p<0.05) (Table 8.6). Education, employment status, monthly income, number of 

children, attitude towards childhood vaccination were all not associated with 

willingness to participate.  

 

After excluding explanatory variables with p>0.25, the multivariate analysis 

revealed that an age of more than 50 years old, being female, and having heard 

about Zika were the only variables associated with willingness to participate 

(Table 8.6). Participants in the oldest age group (more than 50 years old) had five 

times higher odds of willingness to participate compared to those between 20–29 

years (OR: 5.00; 95% CI: 2.37–10.53). Females had double the odds of being 



374 
 

willing to participle in a Zika vaccine trial compared to males (OR: 2.20; 95% CI: 

1.11–4.37). Additionally, having heard about Zika was significantly associated 

with willingness to participate in a Zika vaccine trial (OR: 2.41; 95% CI: 1.59–

3.65). Attitudes towards childhood vaccination and its subdomains had no 

association with higher willingness to participate in a vaccine trial.  

 

8.4.3.3 Willingness to participate and financial compensation  

Financial compensation increased WTP among participants. Without financial 

compensation, 15.1% of participant were willing to participate, this percentage 

increased gradually with a higher offer of financial compensation, from 18.7% for 

US$7.0 to 26.6% for US$35.0. The percentage of participants who were willing to 

participate increased up to 62.3% (596/956) at the highest financial compensation 

offered, US$350.4 (equal to IDR 5 million). There were 360 (37.7%) of participants 

who persisted in being unwilling to participate in vaccine trial even at the 

highest offered compensation (Figure 8.2). The stratified analysis using logistic 

regression found that unwillingness to participate even with financial 

compensation was associated with a poor attitude towards childhood vaccination 

(OR: 1.67; 95% CI: 1.17–2.36, p=0.001). 
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Table 8.6. Univariate and multivariate logistic regression analysis showing predictors of willingness to participate in a Zika Vaccine Trial (willing 
vs. not willing) (n=956)  
 

Variable n (%) Willing to Participate 
Yes/No 

Univariate Multivariate 
OR (95% CI) p-value aOR (95% CI) p–value 

Age group (years)       
20–29 (R) 230 (24.1) 32/198 1  1  
30–39  469 (49.1) 61/408 0.93 (0.58–1.47) 0.740 1.29 (0.77–2.15) 0.328 
40–49 189 (19.8) 30/159 1.17 (0.68–2.00) 0.574 1.83 (0.97–3.44) 0.061 
More than 50 68 (7.1) 21/47 2.77 (1.46–5.22) 0.002* 5.00 (2.37–10.53) <0.001** 

Gender        
Male (R) 129 (13.5) 11/118 1  1  
Female 827 (86.5) 133/694 2.06 (1.08–3.92) 0.029* 2.20 (1.11–4.37) 0.025* 

Educational attainment        
Primary school (R) 42 (4.4) 4/38 1  1  
Junior high school  106 (11.1) 24/82 2.78 (0.90–8.58) 0.075 2.88 (0.90–9.25) 0.075 
Senior high school  361 (37.8) 56/305 1.74 (0.60–5.08) 0.308 1.95 (0.64–5.97) 0.240 
Diploma certificate  223 (23.3) 23/200 1.09 (0.36–3.34) 0.877 1.14 (0.34–3.83) 0.827 
University graduate 224 (23.4) 37/187 1.88 (0.63–5.59) 0.256 1.84 (0.56–6.05) 0.317 

Employment status       
Unemployment (R) 471 (49.3) 79/392 1  1  
Employee 485 (50.7) 65/420 0.77 (0.54–1.10) 0.146 0.78 (0.49–1.26) 0.313 

Types of workplace        
     Non–healthcare sector (R) 260 (53.6) 34/226 1  –  
     Healthcare sector  225 (46.4) 31/194 1.06 (0.63–1.79) 0.821   
Monthly income (IDR)        

Less than 3 million  (R) 523 (54.7) 77/446 1  –  
3–5 million  328 (34.3) 53/275 1.12 (0.76–1.63) 0.571   
More than 5 million 105 (10.9) 14/91 0.89 (0.48–1.64) 0.712   
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Variable n (%) Willing to Participate 
Yes/No 

Univariate Multivariate 
OR (95% CI) p-value aOR (95% CI) p–value 

Number of children       
The first pregnancy (R) 31 (3.2) 7/24 1  1  
1–2  564 (59.0) 87/477 0.63 (0.26–1.50) 0.292 0.46 (0.18–1.18) 0.107 
3–5  337 (35.3) 45/292 0.53 (0.22–1.30) 0.164 0.28 (0.10–0.79) 0.016* 
More than 5 24 (2.5) 5/19 0.90 (0.25–3.30) 0.876 0.38 (0.09–1.60) 0.187 

Have heard about Zika        
No (R) 704 (73.6) 86/618  1  1  
Yes  252 (26.4) 58/194 2.15 (1.48–3.11) <0.001** 2.41 (1.59–3.65) <0.001** 

Attitude towards childhood vaccination        
Poor (R) 152 (15.9) 18/134 1  1  
Good  804 (84.1) 126/678 1.38 (0.82–2.35) 0.228 1.08 (0.60–1.93) 0.802 

Vaccination behaviour  sub-domain        
Poor (R) 368 (39.8) 44/324 1    
Good  557 (60.2) 93/464 1.48 (1.00–2.17) 0.048* –  

General attitude sub-domain        
Poor (R) 69 (7.2) 9/60 1    
Good  887 (92.8) 135/752 1.20 (0.58–2.47) 0.627 –  

Vaccine safety and efficacy sub-domain       
Poor (R) 589 (61.6) 87/502 1    
Good  367 (38.4) 57/310 1.06 (0.74–1.53) 0.749 –  

Acceptance for Zika Vaccine       
Unwilling (R) 199 (20.8) 20/179 1  1  
Willing 757 (79.2) 124/633 1.75 (1.06–2.89) 0.028* 1.53 (0.88–2.67) 0.128 

aOR: Adjusted odds ratio; CI: confidence interval; OR: odds ratio; R: reference group, *significant at p=0.05; **significant at p=0.001 
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Figure 8.2. Financial compensation and willing to participate 
The figure show the relationship between financial compensation and the proportion of 
participants who are willing to participate in a Zika vaccine trial in Aceh and West 
Sumatra, Indonesia. Purple dotted line indicates the maximum percentage of participants 
who are willing to participate at the highest financial compensation.  
 
 
8.5 DISCUSSION  

8.5.1 Knowledge and Attitude towards ZIKV Infection  

General practitioners are frontline HCWs in Indonesia and other countries, and 

their ability to comprehensively react to cases of Zika disease in their 

communities is, in part, limited by the knowledge and attitudes that they hold. In 

addition, studies on knowledge and attitude towards ZIKV infection among GPs 

are limited. Given the fact that HCWs have critical roles in the prevention and 

management of ZIKV infection, this study was conducted to fill this gap in the 

literature.  

 

This study found that almost 40% of the participating GPs had a poor knowledge 

of pregnancy-related issues of ZIKV infection. For example, 73.9% of respondents 

mentioned that ZIKV could be passed through breastfeeding. In fact the U.S. 

CDC stated that there are no reports of infants getting ZIKV through 

breastfeeding, and mothers are encouraged to breastfeed even in areas with risk 
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of Zika [931]. One of the plausible explanations of this finding is that ZIKV 

infection has not been a subject taught in Indonesia. All of the respondents of this 

study received their medical education from the national curricula based on the 

2006 National General Practitioner Competence List [932], where Zika was not 

listed as a compulsory disease. Therefore, while a few medical schools in 

Indonesia have incorporated the Zika material into their curriculum, this subject 

is not a mandatory subject for medical doctor graduates in Indonesia. In addition, 

the study indicated no explanatory variable that was significantly associated with 

knowledge among GPs. It is not surprising because all of the respondents were 

GPs with a homogenous knowledge base.  

 

In this study, 66.3% of the participants had a medical practice experience of less 

than five years, and only 7.9% of the total participants stated that they had been 

contacted by a patient presenting signs and symptoms of ZIKV infection. These 

characteristics suggest that most of the participants could be considered to be at 

an intermediate level of expertise instead of an expert level [933]. Doctors at an 

intermediate level of expertise are better at recalling more signs and symptoms 

because they are able to focus on isolated signs and symptoms, and connect them 

to a pathophysiology mechanism [933]. Yet, the GPs could also be categorized as 

having incomprehensive knowledge about ZIKV infection since there were 

misperceptions about several aspects of the infection (i.e., that ZIKV could be 

transmitted via breastfeeding and that ventricular septal defect could be caused 

by the infection). This incomprehensive knowledge, interestingly, was not 

adequate to improve GPs’ attitude towards ZIKV infection management because 

attitude change requires more than merely cognitive or knowledge 

transformation but also relies on affective and behavioural dimensions of change 

[934]. Attitude is a summary evaluation of an object of thought that is 

constructed in a particular situation; it is context-dependent [934]. To improve 

GPs’ attitude towards ZIKV infection, more exposure to cases of ZIKV infection 

is therefore required, to provide some experience enabling them to acquire 
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diagnostic and management knowledge and to apply their knowledge in a 

practical setting [935]. The lack of exposure of real cases of ZIKV infection 

produces fewer opportunities for the GPs to apply their relatively good 

knowledge on ZIKV infection, and as a result the knowledge generates less of an 

impact on their attitudes. This might, in part, explain the lack of an association 

between knowledge and attitude among GPs.  

 

This study revealed that GPs who had had contact with patient(s) presenting 

signs and symptoms of ZIKV infection were three times more likely to have a 

positive attitude. This finding could be explained by the experiential learning 

theory, in which learners will have better perception and cognition towards a 

disease if they are directly exposed to actual cases [936].  

 

In general, the present study together with the previous study [921] indicate that 

knowledge of ZIKV infection in HCWs in Indonesia is relatively low. Therefore, 

strategies for enhancing the capacity of HCWs (including GPs and other 

healthcare staffs) to respond to ZIKV infection may be needed. Scholars in the 

field of knowledge management have focused on knowledge seeking behavior of 

GPs at the global level. One study described a preference of GPs for local 

knowledge, for example, transfers from their own experiences or colleagues’ 

experiences and communication with leaders in their institution, as a reaction to 

the overwhelming information overload from 400.000 medical articles published 

each year [937]. In addition, GPs preferred interactive sessions in workshops and 

conferences over didactic lectures to improve their performance in clinical 

decision making [938, 939]. Therefore, efforts to increase GPs’ knowledge on 

ZIKV infection should be supported by incorporating relevant information 

regarding ZIKV infection in continuing medical education (CME) programmes in 

collaboration with the Indonesian Medical Council which regulates future GPs’ 

competence and certification.    
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Online survey research has advantages which include time and cost benefits, 

however, this study is not without limitations. The results from this study, 

therefore, should be interpreted with caution. First, the incomplete response rate 

in this survey is high (46.3%). Second, there is potential for biased geographical 

selection of respondents because certain localities in Indonesia are less likely to 

have internet access than others. Third, the exact location of the respondents was 

not collected making it not possible to create a map showing spatial 

heterogeneity. However, the study was still able to show the distribution of the 

respondents between rural (district) and urban (regency) areas. In addition, 

respondents were also analysed based on type of workplace, which is one of the 

most important heterogeneity analysis in medical setting because it reflects 

facility characteristics. Finally, dishonesty can be an issue in the sense that some 

respondents may not have been fully truthful with their answers, or may have 

looked up the correct response to answers. To minimize this last issue, a clear 

introduction on the first page of the survey was provided asking participants to 

respond based on their current knowledge and beliefs without trying to find the 

correct answer from other resources.   

 

8.5.2 Acceptance and WTP for a Zika Vaccine 

The study found that 79.1% of the participants expressed their acceptance for a 

hypothetical Zika vaccine. As predicted, having pre-existing knowledge related 

to Zika disease was associated with higher Zika vaccine acceptance. Previous 

studies have also found that a good knowledge about ZIKV is associated with 

acceptance for a Zika vaccine [923, 940]. In the present study, the association 

between pre-existing knowledge about Zika and an increase in WTP was 

confirmed. Therefore, to increase support for a Zika vaccination, a program 

should also be designed to increase knowledge of Zika itself.   

 

Notably, this study indicated that more positive attitudes towards childhood 

vaccination was strongly associated with a higher acceptance for Zika vaccine. 
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More specifically, better immunization behaviour, good beliefs about vaccine 

safety and efficacy, and a better general attitude towards vaccination (including 

trust for vaccination) were associated with greater acceptance, and participants’ 

general attitude towards vaccination was the strongest predictor. A previous 

study similarly found that misbelief about complications from childhood 

vaccinations (that MMR vaccination causes autism in children) reduced 

intentions to vaccinate against ZIKV and was the strongest predictor [941]. Thus 

pre-existing attitudes and beliefs about childhood vaccination are critical factors 

for accepting a new vaccine, especially when the public members show lack of 

understanding of the threat of the disease. Altogether, these results indicate that 

to achieve increased Zika vaccine acceptance, it is critical not only to increase the 

knowledge about Zika itself but also to minimize vaccine hesitancy. This 

approach would increase positive beliefs related to vaccine safety and efficacy, 

and improve attitudes and trust forwards vaccination. In the Indonesian context, 

a mixed religion-health-based approach might be the most suitable strategy to 

disseminate Zika vaccine information. In this strategy, as explained previously 

[643, 942, 943], trusted individuals (health professionals such as nurses and 

doctors, and religious leaders) are involved together with a recommendation 

from trusted authorities such as the Ministry of Health and Provincial Health 

Office. The involvement of trusted parties is critical because trust is one of the 

most important factors for a successful vaccination program [944]. This strategy 

minimizes barriers to vaccination such as fear of side effects, improves beliefs 

regarding the efficacy and usefulness of vaccines, and also minimizes distrust 

and religious barriers. In Indonesian perspective, distrust and religious barriers 

are the most important factors that should be mitigated. In Indonesia, with 

87.18% of population Muslim in 2010, one of the crucial issues is related to halal 

certification (does not contain any haram materials). It is critical that a Zika 

vaccine can be distributed after receiving certification from the Indonesian Ulema 

Council, Indonesia's top Muslim clerical body. Unsolved halal certification issues 

not only increases the potential for rejecting a new vaccine, but it also increases 
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the refusal and hesitancy related to compulsory childhood vaccinations.  This 

issue is one of the important contributing factors related to the increase of 

vaccine-preventable diseases cases in Muslim-majority countries [945]. Therefore, 

information addressing religious concerns of halal issue must be given priority 

before a new vaccine being introduced in Muslim-majority countries, including 

Indonesia.  

 

There are at least three predictors identified for WTP: having heard about Zika 

disease, having a permanent job, and earning a high monthly income (more than 

IDR 5 million). Understandably, wealthy respondents with a permanent job and 

higher income are willing to pay more money for Zika vaccine. In the context of 

other vaccines, previous studies also constantly found that income per capita or 

economic status is one of the robust predictors for WTP [27, 671, 681, 682, 830, 

868]. This indicates that individuals with a higher income can afford a more 

expensive Zika vaccine.  

 

The results of the study also indicated that having heard about Zika prior to the 

study was associated with a higher WTP for a Zika vaccine. So far there is no 

study that has confirmed the association of pre-existing information with WTP. 

Although the attitude towards childhood vaccination is the strongest factor for 

acceptance, this variable is not associated with WTP. WTP is more influenced by 

socioeconomic-related variables such as having a job and a high monthly income. 

This indicates that the provision of partially or fully subsidized Zika vaccine will 

be necessary in Indonesia.  

 

This study also indicates prior knowledge on Zika is also an explanatory variable 

for an increased WTP for Zika vaccine. On the other hand, attitude toward 

childhood vaccination, which is a significant predictor for acceptance, is not 

associated with an increase in WTP. A plausible explanation for this is that 

acceptance and WTP are two distinct behavioural constructs, and hence are 
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explained by different sets of predictors. Hence, although attitude is a predictor 

of behavior, including for WTP [946], acceptance and WTP are likely to be 

preceded by different kind of attitudes. This may also explains why most of 

subjects refused to pay for the proposed vaccine, in spite of their acceptance. 

Further, it has been demonstrated that awareness of consequences of a certain 

action is a determinant of attitude that supports WTP for that action [947] that is 

likely to be influenced by knowledge. That is, it is postulated that knowledge of 

Zika increases WTP for Zika vaccine, insofar as that knowledge contributes to the 

awareness of consequences of Zika infection. 

 

There are some limitations of this study. Firstly, although there is evidence of 

recent widespread ZIKV infection throughout Indonesia [15], Zika cases have 

been reported among travellers after visiting Indonesia [57, 58] and ZIKV has 

recently been isolated from a local inhabitant [59], no symptomatic Zika cases or 

Zika-related microcephaly has been reported in the country. Therefore, the 

respondents were provided with brief information related to ZIKV infection 

prior to interview. This might have diluted the OR and therefore reduced the 

association power between the variable of “having heard about Zika” and both 

acceptance and WTP, compared to those who never heard about Zika prior to the 

study. Secondly, a convenience sampling method was used and therefore a 

selection bias might exist in this study. Thirdly, social desirability bias was 

inevitable in which participants might tend to give perceived favourable answers 

about acceptance and WTP. Fourthly, this study was conducted when no ZV had 

been approved and licensed and therefore a hypothetical bias might exist in 

which respondents misstate their actual preferences on acceptance or WTP. 

 

8.5.3 Willingness to Participate in a Zika Vaccine Trial  

This is the first study reporting the willingness to participate and its associated 

factors in the context of a Zika vaccine trial. This study found that willingness to 

participate in a Zika vaccine trial was very low (15.1%) in Indonesia, and that 



384 
 

age, gender and having heard about Zika were significantly associated with 

willingness to participate. Researchers looking to recruit participants into a 

vaccine trial could consider these factors before starting a trial to enhance 

participation, minimize recruitment costs, and maintain generalizability of the 

study population.  

 

The study identified that being female was associated with a higher willingness 

to participate. This could be related to a previous study’s findings, which showed 

that women are more altruistic than men in Indonesia [884]. Many previous 

studies have identified altruism, acting with an unselfish regard for others, as 

one of the most important factors for willingness to participate in clinical trials or 

other medical studies [844, 885-888, 948-950]. One study specifically identified 

that women were more likely to participate in a trial because of general altruistic 

considerations [948]. However, this finding should also be interpreted carefully 

because the Zika vaccine trial can prevent complications in pregnancy, and so 

women may inherently be more attuned to the benefits of the trial’s outcome. In 

Indonesia, a wife usually consults with her partner on issues related to the 

household especially in regards to pregnancy [951]. The husband, in turn, has an 

important role in influencing the behaviour of pregnant women [951] and wives 

traditionally put their husband's and father’s opinion before their own [952]. 

Similar societal characteristics are found in other low- and middle-income 

countries where women’s decision to participate was frequently influenced by 

their partner or family [948, 953]. In contrast, this phenomenon is not observed in 

high-income countries such as the US [954]. In addition, friends and health 

professionals are other important influencers related to willingness to participate 

[953]. These findings indicate that the decision making process to participate in a 

clinical trial or another medical-related study is complex and influenced by core 

family members and other community members. In the context of a Zika vaccine 

program, it is believed that the decision may be more complex because of Zika’s 

association with pregnancy complication, which may then require additional 
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communications between wife and husband. Therefore, information related to 

Zika vaccine trials should be provided not only to study participant, but should 

also be tailored and made available to other core family members, if the study 

participant asks of it.  

 

Another influencing factor for willingness to participate that was identified in 

this study was having heard about Zika prior to the study. It is assumed that 

participants who had heard about Zika had better pre-existing knowledge about 

Zika which would promote willingness to participate. Additionally, good 

knowledge about Zika produced good perception to the Zika disease. Previously, 

studies clearly indicated that good knowledge [955] and good perception of 

disease risk [956] were predictors for a high willingness to participate. Previous 

studies have also found that community members who have good knowledge 

regarding a medical study  [895], good perception and high awareness 

concerning medical research [879], and prior participation in clinical trials [957] 

were more likely to have a positive response to willingness to participate. In 

contrast, the lack of knowledge and awareness about a medical study was a 

significant barrier to participating [879, 897]. These studies highlight the 

importance of not only adequately providing information about Zika to potential 

participants, but also explaining the utility of clinical trials in general in order to 

increase positive perceptions about participating in studies. 

 

The study also indicated that offering a financial incentive increased participants’ 

willingness to participate. By providing financial compensation up to US$350, the 

percentage of willingness to participate increased by 47.2% compared to with no 

compensation (62.3% vs. 15.1%). The increase rate in this study is higher 

compared to another study that found a 12.2% absolute increase in those 

reporting that they would not participate after mentioning financial incentive 

[957]. This difference between studies could be influenced by the amount of the 

money offered in the study. It has been previously observed that financial 
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compensation was positively associated with willingness to participate in vaccine 

trials [957, 958]. There are concerns about the use of financial incentives [959, 960] 

– for instance, that the use of money can remove the voluntary aspect of 

participating in trials, by being unduly coercive, but experimental evidence 

suggests that, at least in high-income countries, greater compensation is not 

associated with participants being willing to undergo riskier procedures [961]. 

Additionally, compensation can reduce financial barriers for participants, 

overcome opportunity costs, inertia, and distrust, and fairly compensate for the 

time and inconvenience that participants incur [959].  

 

Interestingly, although incentive compensation increased the proportion of 

participant who were willing to participate, more than a third of the participants 

(37.7%) were persistently unwilling to participate even with financial 

compensation. Initially it is hypothesized that this group might be the wealthiest 

group of participants. However, the stratified analysis indicated that this 

unwillingness to participate was associated with poor attitude towards 

childhood vaccination and had no association with monthly income. Solid 

evidence from previous studies also revealed that good attitude towards the 

disease or clinical studies were one of the strongest predictor for willingness to 

participate [892, 896, 955, 962]. A study also found that a good attitude towards 

childhood vaccination was the strongest predictor for acceptance for a 

hypothetical Zika vaccine [963]. This underscores that basic attitude towards the 

disease and vaccination is a critical cornerstones that influences participant 

recruitment into a vaccine’s clinical trial.  

 

In study have identified factors associated with willingness to participate in a 

Zika vaccine trial and have suggested some efforts to be undertaken. Those 

efforts can mitigate well-known barriers of willingness to participate such as 

safety concerns, worries about vaccine induced seropositivity, side effects, 

mistrust of researchers, and concerns about trial duration, visit frequency and 
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travel distance [843, 958, 964, 965]. It is concerned that the magnitude of 

individuals who were not willing to participate in a clinical trial could affect 

generalizability of future clinical trials in Indonesia. An older study population 

balanced towards one gender may have different biological responses to a 

vaccine candidate. Providing financial compensation and educating the 

community about the benefits of clinical trials and of vaccination are some ways 

to increase the response rate. 

 

This study had some limitations. The measured willingness to participate was 

only a stated behavioral intention and therefore may not reflect or predict actual 

enrolment of community members into a Zika vaccine trial in Indonesia. The 

trust, altruism, and psychological barriers which could affect actual participation 

rates were not assessed. The study is also unable to confirm the role knowledge 

of Zika on willingness to participate. Finally, the sociocultural background of 

participants from the two provinces in this study may not be representative of 

Indonesia as a whole because of this country’s diversity. By undertaking a 

convenience sample from health facilities, this study may have also biased its 

sample towards individuals who were sicker or who were more likely to receive 

medical treatment, which could have both affected willingness to participate in a 

clinical trial. 

 

8.6 CHAPTER SUMMARY  

The online-based cross-sectional study reveals that the knowledge about 

pregnancy-related problems with ZIKV infection is relatively high and 

homogenous among GPs across the most populous regions of Indonesia. 

However, GPs in Indonesia still have a poor attitude towards pregnancy-related 

problems of ZIKV infection, although contact experience with a patient 

presenting signs and symptoms of ZIKV infection is associated with a more 

positive attitude. Strategies for enhancing the capacity of GPs in Indonesia to 

respond to ZIKV infection are needed. Although the global emergency regarding 
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ZIKV infection has been lifted, Indonesia is still at risk for ZIKV transmission, 

rendering medical education about ZIKV highly important and relevant for 

prevention and control efforts. One of the efforts with long-term effect will be to 

include the prevention and management of ZIKV infection in the National 

General Practitioner Competence List of Indonesia. 

 

The health-facility cross-sectional study found that the acceptance of the Zika 

vaccine among community members is relatively high, approximately 80%. Some 

significant modifiable determinants for Zika vaccine acceptance are identified 

such as having heard information about Zika and good attitude towards 

childhood vaccination including good belief about vaccine safety and efficacy 

and better attitude and trust towards vaccination. Notably, less than 40% of the 

respondent are willing to pay for Zika vaccine with the mean WTP of US$ 13.1. 

Economic-related variables such as having a job and a high monthly income 

predicted a higher WTP. This study indicates that an introduction program 

which is related to Zika and its vaccine and which uses trusted parties is critical 

not only to educate the community about Zika but also to increase their attitude 

towards general vaccination. In addition, the findings suggest at least two 

potential strategies to achieve a high coverage of Zika vaccine, should it be made 

a policy. First, it seems that a vaccine that is provided free of charge or very 

heavily subsidized will be necessary. Secondly, the private market still can cover 

a significant proportion of the population, provided that information on Zika 

vaccine is to be made widely available, especially focusing of the potential 

consequences of Zika infection.  

 

The study also found that the willingness to participate in a Zika vaccine study 

was low among community members in Indonesia and that being female and 

knowing about Zika prior to the study were associated with higher willingness to 

participate. Efforts to increase knowledge and general attitudes towards 

vaccination among community members may therefore be critical to enhance 
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participant recruitment. Financial incentives are also important to increase 

participation rate of community members and to maintain a generalizable study 

population.
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9.1 PREAMBLE  

This PhD project examined molecular epidemiology and public health issues of 

the major medically important arboviruses (DENV, CHIKV and ZIKV) in 

Indonesia. Studies are presented and discussed in five separate Result chapters 

(Chapters 4 to 8). Key findings of each Result chapter are summarized here 

together with recommendations with regard to strengthening prevention and 

control of arbovirus infections in Indonesia. Finally, further research directions 

are formulated.   

 

9.2 KEY FINDINGS 

In this project, multiple approaches were employed to provide critical insights on 

current circulating aforementioned arboviruses in Indonesia, their natural 

history, movements to neighboring countries, and community support toward 

prevention measures and research. The key findings are presented below.  

 

9.2.1 Dengue is hyperendemic in Indonesia: multiple local and introduced 

lineages are circulating and genotype shift is identified 

Seroprevalence data indicate that all individuals aged between 4 and 65 years old 

have been infected with one or more DENV serotypes in Aceh Province, in which 

the highest proportion of samples were reactive against DENV-4 followed by 

DENV-1, DENV-3 and DENV-2 (Chapter 5). Multitypic profiles were observed in 

99.5% of samples indicating long-term hyperendemic dengue transmission in the 

region. Molecular epidemiology data revealed that multiple DENV serotypes and 

lineages co-circulated in Indonesia (Chapter 4). Three and four serotypes were 

detected in Aceh and Jambi, respectively with differences in dominance. Co-

infection with two serotypes was also detected. Although genotype distribution 

of isolated DENV was the same between these provinces, the circulating lineages 

were distinct. Viruses from Aceh were relatively more diverse and introduced 

lineages were detected, highlighting the geographic location of this westernmost 

province of Indonesia and the distinct patterns of population movements 
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towards Malaysia and China. In contrast, viruses from Jambi, in central Sumatra, 

were closely related with Indonesian endemic viruses again highlighting distinct 

patterns in DENV transmission among Indonesian provinces. Sentinel data 

derived from WA travelers, the great majority of whom experience well-

characterized monotypic infection, indicated that all four DENV serotypes 

circulated in Bali during 2016-2017 and a single genotype was identified for each 

serotype (Chapter 6). Multiple DENV-1 and DENV-2 lineage introductions into 

Bali from other countries in the region was identified and these lineages co-

circulated with local lineages which had circulated for several years. DENV-1 

Genotype IV that circulated previously in 2010 in Bali was shown to have been 

completely replaced by DENV-1 Genotype I, and the shift likely occurred prior to 

2016.  

 

9.2.2 DENV and CHIKV are co-circulating in Indonesia, where CHIKV Asian 

genotype is endemic  

Co-circulation of DENV and CHIKV was detected in Indonesia (Chapter 4). All 

CHIKV isolated in 2016 belong to Asian genotype and fell into one lineage,  

closely related to viruses previously isolated from major islands in Indonesia 

such as Sumatra, Java and Bali. These data showed that the viruses have 

circulated in Indonesia for multiple years, and continued to circulate for a whole 

year in 2016 confirming the endemicity of chikungunya in the country. Co-

circulation of DENV and CHIKV has created transmission complexity and poses 

public health problems for Indonesia including misdiagnosis of arbovirus 

infections with subsequent underreporting of chikungunya incidence and 

prevalence and possibly, mortality. The findings emphasize the importance of 

laboratory testing for chikungunya among dengue-suspected patients.  

 

Nation-wide chikungunya transmission occurred in Indonesia during 2009 and 

2013 and there are no genetic data that characterize Indonesian CHIKV during 

this time.  Analysis of archival sera collected in 2013 from febrile WA travelers 
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found that all viruses isolated in 2013 belong to CHIKV Asian genotype and were 

closely related to endemic CHIKV that circulated in Indonesia since 2004 

(Chapter 6). This indicates that the 2013 nation-wide chikungunya outbreaks that 

occurred in Indonesia in 2013 were likely caused by CHIKV Asian genotype.  

 

9.2.3 Leptospira is an important causative agent among dengue-suspected 

patients in Indonesia 

There was a substantial proportion of Leptospira infections among patients with 

dengue-suspected patients where more than 5% of those initially diagnosed as 

dengue were positive for anti-leptospiral IgM (Chapter 4). No co-infection 

between dengue and Leptospira were detected. The overall seroprevalence of anti-

leptospiral IgM and total IgM/IgG was 7.4%. Since last decade, between 2005 and 

2016, Jambi has never reported leptospirosis cases to Ministry of Health. Aceh 

health authorities reported leptospirosis cases to Ministry of Health for the first 

time during 2006 further highlighting our understanding that this infection is 

strongly underestimated in the country. Reliable diagnostic testing, including 

rapid tests, is not available in most Indonesian regions and leptospirosis infection 

presents non-specific clinical features. Data from this study confirm that 

leptospirosis should be considered among febrile patients with dengue-suspected 

patients and further, that rapid, cheap, and reliable diagnostic tests are needed in 

the country.  

 

9.2.4 ZIKV and RRV transmission in Indonesia  

Co-circulation of DENV and ZIKV in Indonesia leads to difficulty in diagnosing 

ZIKV infection in this dengue-endemic country. ZIKV seropositivity must be 

defined using stringent criteria: PRNT90 titers >4-fold higher than all DENV 

serotype PRNT90 titers. In this study, 65.5% samples were classified as Flavivirus 

seropositive where ZIKV NAb are present but at PRNT90 titers less than 4-fold 

than any DENV PRNT90 titer (Chapter 5). Notably, using PRNT90 at a >40, two 

samples were classified as naïve for DENV infection and seropositive for ZIKV 
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NAb indicating suggestive ZIKV infection. These samples however did not 

adhere to the aforementioned ZIKV infection criteria. Therefore, relying on these 

criteria and in the absence of sensitive and specific  tests that are able to 

discriminate DENV and ZIKV infections, we can only speculate on the degree to 

which Zika infection in Indonesia is underreported.  

 

Using PRNT90 at a cut-off >40, our study provided evidence suggesting RRV 

transmission in westernmost part of Indonesia, in Aceh where 12.3% serum 

samples had an RRV NAb titer >40 and had a CHIKV HI titer <10 (Chapter 5). 

However, this finding should be further validated to discriminate possible RRV 

seropositivity from other Semliki Forest group viruses that are endemic in 

Indonesia, such as CHIKV.  

 

9.2.5 Continuous movements of Indonesian arboviruses to WA  

Dengue molecular epidemiological surveillance using WA travellers as sentinels 

demonstrated clear evidence of continuous movements of Indonesian 

arboviruses to WA via travellers who had visited Bali (Chapter 6). Although 

DENV and CHIKV mosquito vectors are not generally present in WA, there is a 

potential risk of both vectors and DENV becoming re-established in WA as they 

were up until the 1960s. Therefore, it is critical to maintain surveillance efforts to 

ensure that any incursions of dengue vectors into WA are promptly identified 

and do not become established. Such programs could be guided by surveillance 

data of WA travellers as important indicators of major arboviruses activities in 

the region.  

 

9.2.6 Persistent transmission of outbreak-associated lineages in Bali and in 

the Pacific  

The DENV-2 Cosmopolitan genotype Lineage 4 strain that we previously 

reported as emerging and outbreak-associated in 2011-2012, in Bali, continued to 

circulate in Bali in 2016 and 2017 (Chapter 6). These data indicate that this virus 
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has maintained local transmission for almost one decade in Bali and furthermore, 

has been introduced to neighbouring countries including Taiwan and Germany. 

Similarly, viruses of the DENV-3 Genotype I PNG lineage, first identified in 2007 

in PNG and associated with major outbreaks in the Solomon Islands (2013) and 

in Fiji (2014), were identified circulating in Bali in 2014 (Chapter 6). The viruses 

continued to circulate in the Pacific region including in Solomon Islands in 2016, 

indicating continuous circulation in the Pacific region for four years.   

 

9.2.7 Knowledge on dengue is relatively high but attitude and practice on 

dengue prevention are low in Indonesia 

Almost a half of respondents in Aceh had good knowledge regarding dengue but 

less than a third of them had good attitudes and good dengue preventive 

practices (Chapter 7). There was a significant positive correlation between 

knowledge and attitudes, knowledge and practice, and attitudes and practice. 

People who had good knowledge were more likely to have good attitudes, and 

people who had good attitudes were more likely to have good practices 

regarding dengue. SES is the only variable that is associated with the knowledge, 

attitude and practice in which the higher SES the better knowledge, attitude and 

prevention practices on dengue.  

 

9.2.8 Acceptance for a dengue vaccine is high but low-cost vaccine is required 

The acceptance rate of the dengue vaccine among community members in Aceh 

was relatively high where 77.3% of them were willing to accept the dengue 

vaccine (Chapter 7). A high monthly income, high SES, and a good attitude 

toward vaccination practice and toward dengue were independent predictors of 

dengue vaccine acceptance. An average individual was willing to pay around 

US-$ 4 for a dengue vaccine. Those working as a civil servant, living in the city, 

and having good knowledge on dengue, good attitude towards dengue, and 

good preventive practice against DENV infection were associated with a WTP. 

The results underscore the need for low-cost quality vaccines, public sector 
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subsidies for vaccinations, and intensifying efforts to further educate and 

encourage households regarding other dengue preventive measures, using 

trusted individuals.  

 

9.2.9 Willingness to participate in dengue research is very low  

Less than 20% of community members have a good willingness to participate in 

dengue studies (Chapter 7). Good knowledge and attitude regarding dengue 

were positive independent predictors of willingness to participate. To increase 

participation rates efforts to improve the knowledge and attitude of community 

members regarding DF and dengue-related research is warranted before studies 

are launched. 

 

9.2.10 Front line doctors are less vigilant for Zika outbreaks in Indonesia 

Among 457 general practitioners in Indonesia, only 66.5% and 24.2% had good 

knowledge and attitude, respectively, towards pregnancy-related issues of Zika 

infection suggesting very low attitude (Chapter 8). While no factors were 

associated with knowledge, contact experience is associated with attitude. There 

is a weak, but significant, positive correlation between knowledge and attitude. 

Strategies for enhancing the capacity of general practitioners to develop positive 

attitudes and to respond to ZIKV infection are needed. Medical education about 

ZIKV highly important and relevant for prevention and control efforts, therefore 

government should consider to include prevention and management of ZIKV 

infection in the National General Practitioner Competence List of Indonesia.   

 

9.2.11 Potential Zika vaccine in Indonesia: acceptance is high but WTP is low  

Our data indicate that 79.1% of 956 community members in Aceh and West 

Sumatra were likely to be vaccinated and to recommend their partner to be 

vaccinated with Zika vaccine (Chapter 8). Having heard about Zika and a good 

attitude towards childhood vaccination were associated with Zika vaccine 

acceptance. Although the acceptance rate of the Zika vaccine was relatively high, 
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less than 40% of respondents were willing to pay, with geometric mean and 

median of WTP of US$ 13.1 and US$ 7.0, respectively. Having heard about Zika, 

having a job, and higher income were associated with a higher WTP. These 

findings indicate the need for low-cost vaccine or public sector subsidies for Zika 

vaccinations in the country.  

 

9.2.12 Willingness to participate in a Zika vaccine trial is low in Indonesia but 

financial compensations could increase it  

Among 956 participants, only 15.1% were willing to participate in a Zika vaccine 

trial without financial compensation (Chapter 8). Willingness is tied to an older 

group, to being female and to having heard about Zika. Participants’ willingness 

increased gradually with higher financial compensation. Rates increased to 62.3% 

at the highest offer (US$ 350.4), and those who were still unwilling to participate 

had a poorer attitude towards childhood vaccination. Efforts to increase 

knowledge and general attitudes towards vaccination among community 

members may therefore be critical to enhance participant recruitment. Financial 

incentives are also important to increase the participation rate of community 

members and to maintain a generalizable study population. 

 

9.3 FUTURE RESEARCH DIRECTIONS  

Future research directions include:  

a. Distinct DENV transmission dynamics were observed in Indonesia and were 

further highlighted by patterns of genotype and lineage predominance 

among travellers returning to WA infected with DENV in Indonesia (Chapter 

4 and Chapter 6).  Assessment of viral virulence phenotype, including 

replication kinetics, cytokine/chemokine profiles, and cell tropism, and 

identification of associated genome virulence motifs will be informative.  

b. To confirm RRV seroprevalence in Indonesia, including further assessment of 

serum samples from Aceh Province (Chapter 5) to differentiate NAb 
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responses among closely related alphaviruses, known to be circulating in the 

region including CHIKV and GETV.   

c. DENV imported by WA travellers were distinct to viruses identified among 

local inhabitants in Bali, in the same time period (Chapter 6). Differences in 

DENV transmission among local inhabitants in an endemic setting, compared 

to infection patterns in travellers, may be influenced by factors including 

DENV (and other members of Flavivirus) immune status, sampling biases, 

and host genetic backgrounds. More detailed analysis of DENV transmission 

among local inhabitants of Bali and WA travellers returning from Bali with 

locally acquired DENV infection is needed.  
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Summary

Although epidemiological and molecular epidemiological (serotype, genotype, and lin-

eage information) data are available for several major cities in Indonesia, there is yet

to be a comprehensive national study of dengue in Indonesia over time. This study

was conducted to provide a comprehensive epidemiology of circulating dengue

viruses (DENV) in Indonesia between 1973 and 2016. This was conducted through

a systematic review of the literature and phylogenetic analysis of available DENV

sequences. Available data from National Disease Surveillance System have indicated

an increasing trend of dengue incidence in Indonesia over the past 50 years. Incidence

rates appear to be cyclic, peaking approximately every 6 to 8 years. In contrast, the

case fatality rate has decreased approximately by half with each decade since 1980.

Over this 50‐year time span, serotype shifts, genotype displacement within DENV‐1

and DENV‐2, and introduction of DENV‐1 and DENV‐3 genotype from other coun-

tries occurred. These events were associated with increased incidence of dengue

cases. Our study also provides a valuable national snapshot of DENV genetic diversity

in Indonesia that may contribute to development of more effective dengue vaccine

compositions for the region.

KEYWORDS

dengue, dengue fever, Indonesia, serotype shift, systematic review
1 | INTRODUCTION

Dengue is caused by infection with any of the four dengue virus

(DENV) serotypes. It is of major international public health concern,
mination; DENV, dengue virus; DH

bstitution model; MAFFT, Multipl

, World Health Organization

wileyonlinelibrary.com/journ
results in significant morbidity, mortality, and economic cost,

particularly in developing countries.1 DENV is transmitted mainly

through the mosquito vectors, Aedes aegypti and Aedes albopictus.

Transmission via nonvector routes has also been reported such as
F, dengue haemorrhagic fever; DSS, dengue shock syndrome; E, envelope gene;

e Alignment using Fast Fourier Transform; MoH, Ministry of Health; RAxML,
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mucocutaneous, percutaneous, blood transfusion, organ transplant,

intrapartum/perinatal, and breast milk2; there is no evidence that

DENV may be transmitted via semen.3 Dengue is endemic in more

than 100 countries4 and incidence has increased 30‐fold in the past

50 years, with the highest incidence rates being reported from Asian

countries.5 Modernisation of the air transportation system accounts

for the enhanced movement of DENV by overcoming natural barriers

of travel time and geography. As a consequence, the incidence of

travel‐associated dengue has also increased.6 Current evidence indi-

cates dengue as the leading cause of fever in returning travellers from

Southeast Asia,6 and this region is consistently one of the main

sources of travel‐acquired infection.7,8

Currently, Indonesia reports the highest average number of

annual dengue cases in Asia, with frequent epidemic cycles.9,10 In

2014, the adjusted national seroprevalence of dengue was 69.4%,

ranging from 33.8% in the 1 to 4 years age group to 89.0% in the

15 to 18 years age group.9,11 Dengue incidence in Indonesia has

increased in the last few decades from 0.05 per 100 000 population

in 1968 to 35 to 40 per 100 000 population in 201310; however, this

may reflect increased disease reporting as a result of increased knowl-

edge and better surveillance systems.12,13 Recent studies have shown

that more than 137 primary dengue infections per 1000 children occur

annually in Indonesia, and that half of children have become infected

with DENV at least once by the age of 5 years.9,11 A recently

published global dengue risk map classified Indonesia as a

frequent/continuous risk for international travellers.8 Indonesia has

also been consistently identified a source of DENV infection in travel-

lers14-21 and there is evidence that introduction of multiple DENV lin-

eages have occurred;14,22 Indonesian therefore continuously serves as

a hub for DENV transmission and mixing.14

Since the first dengue reports in Jakarta and Surabaya in 1968, the

epidemiology of dengue in Indonesia has changed over time.10,13

Changes in epidemiological aspects include that outbreak trend of

dengue haemorrhagic fever (DHF) has become irregular, with a high

interepidemic background,13 increasing mean age of DHF cases, increas-

ing annual DHF incidence, and decreasing case fatality rate.10,13 Studies

have been conducted to assess the plausible determinants associated

with increased dengue incidence or outbreaks, including meteorological

data,23,24 vector activities,25 and socio‐economic and environmental

factors.26 However, missing from this literature is a review of the

dynamics ofDENV transmission in Indonesia bymeans of a chronological

overview and assessment of whether changes in DENV circulation may

be associated with an increase in dengue incidence.

It has been reported that introduction of new serotypes, geno-

types, and lineages into a country, and the subsequent replacement

of endemic viruses, has occurred frequently for all serotypes.18,27-35

In addition, introduction of new groups of viruses to populations with

serological naivety has the potential to cause unprecedented out-

breaks and has been associated with more severe dengue manifesta-

tions.31,32,36,37 In Indonesia, studies conducted in several cities

suggested that DENV serotype,28 genotype,28,38 and lineage replace-

ment28 has occurred and was associated with higher incidence

and/or more severe dengue manifestations.28,39

Our group has previously conducted studies relating to the molec-

ular epidemiology of dengue in several major Indonesian cities,
including Bali,38 Jakarta,40 Jambi,41 Makassar,22 Semarang,42

Sukabumi,43 Surabaya,44 and Purwokerto.45 Similar studies have also

been conducted in other regions of Indonesia, with local inhabi-

tants28,46,47 or travellers returning from Indonesia.14-18,48-50 Although

these studies have been important for determining DENV serotypes,

genotypes, and lineages circulating in Indonesia, the data reported

represent only single cities or sites at a particular time and fail to pro-

vide a comprehensive picture of circulating DENV throughout Indone-

sia over time.

Using a systematic review of the available literature and phyloge-

netic analysis of DENV sequences, this study sought to provide a

national epidemiological and evolutionary overview of DENV circulat-

ing in Indonesia between 1973 and 2016. Since the efficacy of dengue

vaccine is determined by the degree of match between circulating

DENV antigenic and genetic composition and those included in the

vaccine,51,52 data from this study may contribute to design of more

effective vaccine compositions in the future.
2 | MATERIALS AND METHODS

2.1 | Objectives and approaches

The primary objective of this study was to provide comprehensive

data of DENV serotypes and genotypes circulating in Indonesia over

time through a systematic review of available literatures and available

sequence data on GenBank, respectively. By conducting a systematic

review, all available DENV serotype data from Indonesia

(characterised locally or from returning travellers) were collected. Data

on genotypes of DENV circulating in Indonesia since 1973, isolated

locally or from travellers returning from Indonesia, were extracted

from GenBank and analysed phylogenetically.
2.2 | DENV serotypes

2.2.1 | Registration and protocol

To comprehensively characterise the circulating serotypes of DENV in

Indonesia, a systematic review of published literature was conducted.

The protocol of the systematic review used in this study was

registered at PROSPERO, UK Centre for Reviews and Dissemination

(CRD) at the University of York (registration number:

CRD42018088846).

2.2.2 | Information sources and search strategy

To identify potential articles for analysis, a systematic search was con-

ducted using four bibliographical databases (MEDLINE [TS], PubMed,

Embase [OvidSP] and Web of Science [TS] as of 29 November 2017.

The search criteria were as follows. MEDLINE [Title/Keyword/

Abstract: “Dengue” OR “Flavivir*” OR “Arbovir*” AND “Indonesia”],

PubMed [All field: “Dengue” OR “Flavivir*” OR “Arbovir*” AND

“Indonesia”], Embase [Keyword: “Dengue” OR “Flavivir*” OR

“Arbovir*” AND “Indonesia”], and Web of Science [Title/Keyword/

Abstract: “Dengue” OR “Flavivir*” OR “Arbovir*” AND “Indonesia”].
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No limit was set for the publication year or language. To minimise the

loss of information from studies published in national journals, a sys-

tematic search was also conducted using Indonesian Publication Index

(IPI) using the keyword “Dengue”. Reference lists from the eligible arti-

cles were retrieved for further relevant studies. In some cases, authors

were contacted to clarify the presented data.
2.2.3 | Eligibility criteria of studies

All publications that provided a full description of the study (the year

of sample collection and the number of cases for all four DENV sero-

types) that employed PCR‐based serotyping or serotype‐specific

monoclonal antibody approaches were included. To provide reliable

data regarding predominant circulating DENV serotypes over time,

epidemiological studies that failed to provide data for all four sero-

types were excluded. All editorials, reviews, commentaries, and quali-

tative studies were excluded.
2.2.4 | Outcome

The only outcome of this systematic review was DENV serotype.
2.2.5 | Risk of bias assessment

The quality of eligible studies was assessed using critical appraisals

specifically in terms of setting of study and serotyping procedure. To

reduce sample selection bias, a critical assessment was conducted to

make sure the serotyping was conducted on acute phase serum sam-

ples collected from febrile individuals in multiple locations across

Indonesia.
2.3 | DENV genotypes

2.3.1 | Data source and data collection process

To provide a comprehensive overview of genotype information of

DENVs circulating in Indonesia, a phylogenetic analysis was conducted

with sequences available on GenBank. Sequences for all four sero-

types of DENV from Indonesia were searched and downloaded from

GenBank using the keywords: “Dengue” AND “Indonesia” (conducted

29 November 2017). This process was carried out using the “Agent”

plugin, available and implemented in Geneious v.10.1.3.53 For whole

genome sequences, trimming was conducted to leave the E gene

region only.
2.3.2 | Eligibility criteria

Sequences of all Indonesian DENVs, isolated either locally or from

travellers returning from Indonesia, were considered eligible. DENV

sequences originating from Indonesian mosquito samples were also

included. Sequences that only covered structural gene regions without

coverage of the E gene, or partial E gene coverage, were excluded.
2.3.3 | Phylogenetic analysis

Reference E gene sequences for all four serotypes isolated from vari-

ous locations around the world were downloaded from GenBank.

Sequences that were excessively long, reflecting sequencing error,

were excluded. The dataset of comparison sequences consisted of

DENV‐1 = 3923 taxa, DENV‐2 = 3227 taxa, DENV‐3 = 1892 taxa,

and DENV‐4 = 1190 taxa. For each serotype, the Indonesian

sequences, together with comparison sequences, were aligned using

a Multiple Alignment using Fast Fourier Transform (MAFFT)54,55

v7.309 as implemented in Geneious v10.1.3.53

The estimation of the maximum likelihood was performed using

randomised axelerated maximum likelihood (RAxML)56,57 v7.2.8 with

general time reversible with gamma substitution model (GTR + Γ)

and a rapid bootstrap procedure (100 replicates). Resultant phyloge-

nies were visualised using FigTree v1.4.3. A bootstrap value of at least

80% was used as an indicator of strong support for the grouping of

viruses into distinct lineages.14
3 | RESULTS

3.1 | DENV serotype

3.1.1 | Study eligibility results

The literature search yielded 2217 references, of which 869 were

excluded as duplicates between databases. Following a screening pro-

cess of the title and abstract of the remaining 1348 references, an

additional 1014 references were excluded because of irrelevant stud-

ies, leaving 334 references (Figure 1). The full texts of the remaining

references were retrieved and screened for eligibility. This process

excluded 214 references that were ineligible as they were found to

be unrelated to the study. A full assessment of the 120 references

resulted in the exclusion of 53 references due to the following: full

texts were unavailable, and the available abstracts did not include ade-

quate information to satisfy our outcome, the full text did not include

adequate or complete serotype data, and nonstandard methods were

used for serotyping. This resulted in 67 eligible studies,14,16,22,28,38-

48,50,58-108 of which 13 references were from national

journals.59,60,69,70,72,76,84,94,102-105,107 An additional 11 studies were

included from reference list.17,18,109-117 In total, 78 eligible studies

were included for DENV serotype analysis.14,16-18,22,28,38-48,50,58-117

Of all the eligible studies, four studies were conducted based on mos-

quito isolates60,82,83,93 while the remaining studies assessed DENV

isolates from human samples.14,16-18,22,28,38-48,50,58,59,61-81,84-92,94-117

Sixty two studies investigated dengue cases among local inhabitants

of Indonesia,22,28,38-47,50,58-87,92-107,111,112,117 and the remaining 16

reported traveller‐associated dengue cases from other coun-

tries.14,16-18,48,88-91,108-110,113-116
3.1.2 | Dengue serotype circulating in Indonesia

A list of the eligible studies and their DENV serotype findings are

presented in Table 1. Data from our systematic review indicate that



FIGURE 1 Flowchart of the result of literature search according to the preferred reporting items of systematic reviews and meta‐analyses
(PRISMA)

TABLE 1 DENV serotypes circulating in Indonesia overtime

Predominant
serotype Location Year(s) n

Serotypes (%)

Ref.DENV‐1 DENV‐2 DENV‐3 DENV‐4

3 Jakarta 1971 2 0 (0.0) 0 (0.0) 2 (100.0) 0 (0.0) 61

1 Indonesia 1975 9 4 (44.4) 3 (33.3) 2 (22.2) 0 (0.0) 73

3 Jakarta 1975‐1977 129 23 (17.8) 38 (29.5) 59 (45.7) 9 (7.0) 96

3 Jakarta 1975‐1978 154 28 (18.2) 44 (28.6) 73 (47.4) 9 (5.8) 67

3 Jakarta 1975‐1978 153 28 (18.3) 44 (28.7) 73 (47.7) 9 (5.8) 95

3 Jakarta 1975‐1983 142 22 (15.5) 50 (35.2) 67 (47.2) 3 (2.1) 66

3 Indonesia 1976 108 18 (16.6) 21 (19.4) 54 (50.0) 15 (13.8) 73

1 Central Javaa 1976 29 17 (58.6) 0 (0.0) 12 (41.4) 0 (0.0) 93

3 Bantul 1976 45 8 (17.8) 0 (0.0) 27 (60.0) 10 (22.2) 76,97

3 Indonesia 1977 95 10 (10.5) 20 (21.0) 56 (58.9) 9 (9.4) 73

2 Indonesia 1978 46 7 (15.2) 21 (45.6) 18 (39.1) 0 (0.0) 73

3 Central Java 1978 8 0 (0.0) 0 (0.0) 8 (100.0) 0 (0.0) 98

2 Indonesia 1979 39 5 (12.8) 18 (46.1) 14 (35.8) 2 (5.1) 73

3 Indonesia 1980 44 6 (13.6) 15 (34.0) 22 (50.0) 1 (2.5) 73

3 Indonesia 1981 54 9 (16.6) 14 (25.9) 29 (53.7) 2 (3.7) 73

3 Indonesia 1982 48 7 (14.5) 20 (41.6) 21 (43.7) 0 (0.0) 73

(Continues)
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TABLE 1 (Continued)

Predominant
serotype Location Year(s) n

Serotypes (%)

Ref.DENV‐1 DENV‐2 DENV‐3 DENV‐4

2 Indonesia 1983 41 5 (12.2) 17 (41.1) 16 (39.0) 3 (7.3) 73

3 Indonesia 1984 35 4 (11.4) 12 (34.2) 18 (51.4) 1 (2.8) 73

3 Indonesia 1985 26 3 (11.5) 10 (38.5) 13 (50.0) 0 (0.0) 73

3 Indonesia 1986 93 17 (18.2) 33 (35.5) 39 (41.9) 4 (4.3) 73

3 Indonesia 1987 87 11 (12.6) 17 (19.5) 53 (60.9) 6 (6.8) 73

3 Jakarta 1987‐1988 151 25 (16.2) 20 (13.2) 105 (69.5) 1 (0.7) 78

3 Indonesia 1988 56 9 (16.1) 12 (21.4) 32 (57.1) 3 (5.3) 73

3 Jakarta 1988 17 3 (17.6) 0 (0.0) 14 (88.2) 0 (0.0) 47,99

3 Indonesia 1989 10 1 (10.0) 2 (20.0) 7 (70.0) 0 (0.0) 73

1 Indonesia 1990 120 48 (40.0) 30 (25.0) 33 (27.5) 9 (7.5) 73

1 Indonesia 1991 11 5 (45.4) 3 (27.3) 2 (18.2) 1 (9.1) 73

1,3 Indonesia 1992 33 9 (27.3) 8 (24.2) 9 (27.3) 7 (21.2) 73

3 Irian Jaya 1993‐1994 9 2 (22.2) 1 (11.1) 6 (66.7) 0 (0.0) 78

3 Yogyakarta 1995‐1996 7 1 (14.3) 1 (14.3) 4 (57.1) 1 (14.3) 39

3 Sumatera 1998 77 29 (37.7) 12 (15.6) 33 (42.9) 3 (3.9) 101

1,2,3 Yogyakarta 1995‐1999 180 59 (26.8) 52 (23.6) 50 (22.7) 19 (8.6) 80

2 West Java 2000 11 2 (18.2) 8 (72.7) 1 (90.1) 0 (0.0) 87

3 Merauke 2000‐2001 5 0 (0.0) 0 (0.0) 0 (100.0) 0 (0.0) 68

2 Bandung 2000‐2002 53 11 (20.7) 24 (44.4) 8 (14.8) 10 (18.5) 79

3 Bandung 2000‐2004 2006‐2009 195 35 (17.9) 42 (21.5) 81 (41.5) 37 (18.9) 86

2 West Java 2001 32 5 (15.6) 15 (46.8) 4 (12.5) 8 (25.0) 87

1 Semarang 2001‐2003 16 7 (43.7) 4 (25.0) 4 (25.0) 1 (6.2) 74

1 West Java 2002 14 7 (50.0) 0 (0.0) 3 (21.4) 4 (28.6) 87

3 Indonesia 2003 7 3 (42.8) 0 (0.0) 4 (57.1) 0 (0.0) 18,109

1 West Java 2003 38 14 (36.8) 2 (5.2) 9 (23.6) 13 (34.2) 87

2 Surabaya 2003‐2005 25 0 (0.0) 20 (80.0) 4 (16.0) 1 (4.0) 72

2 Indonesia 2004 11 2 (18.2) 6 (54.5) 1 (9.1) 2 (18.2) 18,109

3 Jakarta 2004 28 2 (7.1) 4 (14.3) 18 (64.3) 4 (14.3) 65

4 West Java 2004 21 3 (14.2) 5 (23.8) 6 (28.6) 7 (33.3) 87

3 Indonesia 2004 15 1 (6.7) 2 (13.3) 10 (66.7) 2 (13.3) 81

1 Indonesia 2005 23 9 (40.9) 5 (22.7) 7 (31.8) 2 (9.1) 18,110

3 West Java 2006 4 0 (0.0) 0 (0.0) 4 (100.0) 0 (0.0) 87

4 Yogyakarta 2006 10 0 (0.0) 2 (20.0) 2 (20.0) 6 (60.0) 59

1 Indonesia 2006 13 5 (38.4) 4 (30.7) 3 (23.1) 1 (7.7) 18

Indonesia 2006‐2007 3 1 (33.3) 1 (33.3) 0 (0.0) 1 (33.3) 113

4 West Java 2007 18 1 (5.5) 4 (22.2) 6 (33.3) 9 (50.0) 87

2 Indonesia 2007 28 8 (28.6) 10 (35.7) 8 (28.6) 2 (7.1) 18

2 Surabaya 2007 67 0 (0.0) 60 (89.5) 7 (7.4) 0 (0.0) 72

1 Makassar 2007 30 12 (40.0) 10 (33.3) 5 (16.7) 3 (10.0) 22

4 Indonesia 2007‐2008 39 6 (15.3) 7 (17.9) 8 (20.5) 18 (46.2) 114

3 Jakarta 2007‐2009 81 10 (12.3) 29 (35.8) 39 (48.2) 3 (3.7) 92

4 West Java 2008 24 5 (20.8) 1 (4.2) 7 (29.2) 11 (45.8) 87

3 West Java 2008 180 34 (18.6) 48 (26.0) 88 (47.8) 10 (5.4) 111

2 West Java 2008 31 3 (9.6) 17 (54.8) 9 (29.0) 2 (5.5) 104

2 Surabaya 2008 31 9 (29.0) 21 (67.7) 0 (0.0) 1 (3.2) 28

2 Surabaya 2008 20 0 (0.0) 20 (100.0) 0 (0.0) 0 (0.0) 72

2 Surabaya 2008 39 17 (43.6) 21 (53.8) 0 (0.0) 1 (2.6) 46

1 Makassar 2008 42 20 (47.6) 13 (30.9) 6 (14.2) 6 (14.2) 22

2 Indonesia 2008 32 8 (25.0) 11 (34.4) 3 (9.3) 10 (31.2) 17

2 Surabayaa 2008 2 0 (0.0) 2 (100.0) 0 (0.0) 0 (0.0) 82

(Continues)
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TABLE 1 (Continued)

Predominant
serotype Location Year(s) n

Serotypes (%)

Ref.DENV‐1 DENV‐2 DENV‐3 DENV‐4

1 Surabaya 2008‐2009 76 67 (85.9) 5 (6.4) 0 (0.0) 4 (5.1) 28

3 Indonesia 2008‐2009 12 0 (0.0) 5 (41.6) 5 (41.6) 2 (16.7) 115

1 Jakartab 2009 165 64 (37.4) 36 (21.1) 41 (24.0) 24 (3.5) 40

2 Indonesia 2009 45 8 (17.7) 14 (31.1) 12 (26.7) 11 (24.4) 17

1 Surabaya 2009 73 64 (87.7) 5 (6.8) 0 (0.0) 4 (5.5) 46

1 Kupang a 2009 10 10 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 60

3 West Java 2009 25 4 (16.0) 7 (28.0) 12 (48.0) 2 (8.0) 87

2 Surabaya 2009 70 1 (1.4) 65 (92.9) 2 (3.8) 1 (1.4) 71

1 Surabaya & Sidoarjo 2009 91 79 (87.0) 6 (6.5) 0 (0.0) 6 (6.5) 72

3 West Java 2009‐2010 47 3 (6.3) 14 (29.7) 27 (57.4) 3 (6.3) 105

1 Surabaya 2009‐2010 71 71 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 28

2 Indonesia 2009‐2010 132 34 (25.7) 66 (50.0) 22 (16.7) 10 (7.6) 116

1 Surabaya a 2009‐2011 36 36 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 82

2,3 Jakarta c 2010 24 5 (20.8) 8 (33.3) 8 (33.3) 3 (12.5) 62

1 Makassar 2010 8 3 (37.5) 3 (37.5) 2 (25.0) 0 (0.0) 22

1 Surabaya 2010 66 66 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 46

1 Surabaya 2010 27 27 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 72

1 Bandung 2010‐2011 27 13 (48.1) 8 (29.6) 4 (14.8) 2 (7.4) 84

2 Jakarta 2010 69 15 (21.7) 26 (37.7) 20 (29.0) 8 (11.6) 102,103

1 Indonesia 2010 42 18 (42.8) 15 (35.7) 3 (7.2) 6 (14.3) 14

1 Indonesia 2010 67 24 (35.8) 20 (29.8) 14 (20.9) 9 (13.4) 17

1 Indonesia 2010‐2011 435 190 (43.7) 91 (20.9) 104 (23.9) 50 (11.5) 91

1 Indonesia d 2010‐2012 141 76 (53.9) 14 (10.0) 11 (7.8) 32 (22.6) 75,106

1 Surabaya a 2008‐2015 109 57 (52.2) 44 (40.3) 3 (2.7) 5 (4.6) 83

1 Indonesia 2009‐2015 10 5 (50.0) 4 (40.0) 0 (0.0) 1 (10.0) 48

1 Surabaya 2011 264 222 (84.1) 23 (8.7) 0 (0.0) 1 (0.4) 46

1 Sidoarjo 2011 43 40 (93.0) 3 (7.0) 0 (0.0) 0 (0.0) 70

1 Surabaya 2011 203 182 (89.6) 20 (9.8) 0 (0.0) 1 (0.5) 70

1 Indonesia 2011 6 4 (66.6) 2 (16.7) 0 (0.0) 2 (16.7) 14

2 Indonesia 2011 17 3 (17.6) 6 (35.3) 5 (29.4) 3 (17.6) 118

1 Indonesia 2011‐2013 3 2 (66.6) 0 (0.0) 1 (33.3) 0 (0.0) 108

1 Semarange 2011‐2012 22 11 (50.0) 4 (18.1) 4 (18.1) 3 (13.6) 42

2 Indonesia 2011‐2012 217 30 (13.8) 168 (77.4) 11 (5.0) 8 (3.6) 90

1 Tanggerang 2011‐2012 59 19 (32.2) 16 (27.1) 17 (28.8) 7 (11.9) 100

1 Surabaya 2012 83 62 (74.6) 7 (8.4) 7 (8.4) 7 (8.4) 44

2 Indonesia 2012 32 4 (12.5) 17 (53.1) 5 (15.6) 6 (18.7) 118

2 Sukabumi 2012 25 5 (20.0) 16 (64.0) 0 (0.0) 3 (16.0) 43

4 Aceh 2012 16 3 (18.8) 2 (12.5) 2 (12.5) 9 (56.2) 94

2 Indonesia 2012 26 0 (0.0) 26 (100.0) 0 (0.0) 0 (0.0) 14

1 Surabaya 2012 75 68 (90.7) 7 (9.3) 0 (0.0) 0 (0.0) 46

1 Surabaya 2013 69 47 (68.1) 19 (27.5) 3 (4.4) 0 (0.0) 46

1 Surabaya f 2012 71 52 (71.8) 8 (11.2) 11 (15.4) 9 (12.6) 117

2 North Sulawesi 2012 107 32 (29.9) 43 (40.1) 25 (23.3) 7 (6.5) 112

1 Indonesia 2012‐2013 87 43 (49.4) 20 (22.9) 22 (25.3) 2 (2.3) 89

1 Manado 2012‐2015 91 54 (59.3) 1 (1.1) 16 (17.5) 20 (1.9) 58

1 Surabaya 2013 69 47 (68.1) 19 (27.5) 3 (4.3) 0 (0.0) 46,69

1 Sidoarjo 2012 17 17 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 70

1 Surabaya 2012 79 79 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 70

1 Surabaya 2013 15 8 (53.3) 0 (0.0) 2 (13.3) 5 (33.3) 70

4 Madura 2013 25 1 (4.0) 0 (0.0) 0 (0.0) 24 (96.0) 70

(Continues)
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TABLE 1 (Continued)

Predominant
serotype Location Year(s) n

Serotypes (%)

Ref.DENV‐1 DENV‐2 DENV‐3 DENV‐4

4 Lombok 2013 4 0 (0.0) 0 (0.0) 0 (0.0) 4 (100.0) 70

1 Indonesia 2013 39 16 (41.0) 11 (28.2) 12 (30.8) 0 (0.0) 118

1 Indonesia 2013‐2014 398 260 (65.3) 53 (13.3) 61 (15.3) 24 (6.0) 88

2 Jakarta 2013‐2015 103 24 (23.3) 35 (33.9) 29 (28.1) 15 (14.5) 63

2 Surabaya 2014 14 1 (7.2) 13 (92.8) 0 (0.0) 0 (0.0) 85

1 Indonesia 2014 6 5 (83.3) 0 (0.0) 1 (16.7) 0 (0.0) 50

3 Indonesia 2014 44 12 (27.3) 10 (22.7) 20 (45.4) 2 (4.5) 16

2 Indonesia 2015 52 16 (30.7) 19 (36.5) 15 (28.8) 2 (3.8) 118

1 Jambi 2015 94 63 (65.9) 24 (24.5) 2 (2.1) 5 (5.3) 41

3 Balig 2015 149 43 (28.0) 26 (17.0) 74 (48.0) 6 (3.0) 38

3 Central Java 2015 47 11 (23.4) 5 (10.6) 26 (55.3) 5 (10.6) 45

2 Jakarta 2015 172 45 (26.1) 59 (32.3) 47 (27.3) 21 (12.2) 64

3 Yogyakarta 2015 38 4 (10.5) 8 (21.1) 19 (50.0) 7 (18.4) 107

3 Indonesia 2016 71 21 (29.6) 15 (21.1) 30 (42.2) 5 (7.0) 118

aStudy on mosquitoes.
bSix samples were mixed serotype and were excluded because no information is provided.
cFifty two patients were admitted to the hospital with a positive dengue IgM and/or NS1 rapid test, but only 26 patients were selected for further analysis.
dEight samples were mixed serotype and were excluded because no information is provided.
eNine samples were mixed serotype and were excluded because no information is provided.
fTen samples were mixed serotype and were excluded because no information is provided.
gTwo samples were mixed serotype and were excluded because no information is provided.
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between the 1970s and 1990s, almost all dengue outbreaks were

attributed to DENV‐3 viruses.76,78,97,98,101 The first well‐characterised

major outbreak that involved DENV‐3 viruses occurred in Bantul, in

the Central Java province, from October 1976 to March 1977, with

1260 reported cases and 32 deaths.76,97 Against a background of

numerous dengue outbreaks being reported in Indonesia, several

well‐characterised DENV‐3 associated outbreaks have been reported,

including outbreaks that occurred in Sleman, (1978),98 Palembang

(1998),101 Jayapura (1993 and 1994),78 and in Merauke (2001).68

During the 1970s and 1990s, there was no report of a dengue

outbreak that was associated with the DENV‐1, ‐2, or ‐4 serotypes.

Our systematic review also revealed that DENV‐3 was the

predominant serotype in circulation in Indonesia until the late

1990s.66-68,73,78,95,96,98,101,119

In the early 2000s, studies revealed that DENV‐3 was no longer

the predominant serotype and had been replaced by DENV‐2 and

DENV‐1.79,106,109

There was no homogenous pattern of DENV serotypes circulating

in Indonesia during the early 2000s, where DENV‐2 was predominant

in some regions,79,87 including among travellers,18,109 while DENV‐1

was the predominant serotype in other regions.74,87 Interestingly,

DENV‐3 had not been completely replaced during this time and contin-

ued to circulate in some regions before it re‐emerged in 2004 and

caused a large and severe outbreak in Jakarta, with 58 301 cases and

658 deaths.65,81 In 2004 and 2008, DENV‐4 was the dominant sero-

type in several regions including West Java87 and Yogyakarta,59 and

also as the predominant serotype among DENVs isolated from travel-

lers returning to Australia during 2007 to 2008.114 These data suggest

that each DENV serotype was highly active in Indonesia during the
early 2000s, and there was no homogenous pattern of serotype

distribution.

Between 2008 and 2012, however, DENV‐1 become the dominant

serotype in most Indonesian regions22,28,40,42,44,46,60,70,72,75,84,100,106

(Table 1). Data of traveller‐associated dengue from Australia,14,90,91

Taiwan,17 Germany,48 and Romania108 support this finding. A compre-

hensive study conducted in Surabaya found that the serotype shift

from DENV‐2 to DENV‐1 occurred in late 2008.28 To elucidate this,

we analysed all available serotype data from Surabaya and confirmed

DENV‐1 became the predominant serotype in this region between

2008 and 2009 and continued to circulate28,44,46,69-72,82,83,85,117 until

2013 before being replaced85 by DENV‐2 in 2014 (Table 2). The timing

of the serotype shifts observed in Surabaya may not, however, repre-

sent all regions of Indonesia.

From 2014 onward, dominance of DENV‐2, as was seen in

Surabaya, was observed in Jakarta. Our current studies in Jambi

province (2016) and of Western Australian travellers returning from

Indonesia (2016) also revealed that DENV‐2 was the predominant

serotype circulating in Indonesia. However, from 2014 onward,

DENV‐2 was not dominant throughout the country. DENV‐3 was

reported as the dominant serotype in regions including Bali

(2015),38 Central Java (2015),45 Yogyakarta (2015),107 East Borneo

(2015),120 and in returning Taiwanese travellers in 2014. Data from

Australian travellers returning from Indonesia also suggested that

DENV‐2 and ‐3 were the predominant serotypes during 2013 to

2015.121 There were similar findings in a study of international trav-

ellers visiting Bali (2015 to 2017).21 Altogether, these data suggest

that DENV‐2 and DENV‐3 were highly active in Indonesia in recent

years.



TABLE 2 Predominant circulating DENV serotypes in Surabaya showing replacement of DENV‐2 to DENV‐1 during 2008/2009

Predominant
Serotype Year(s) n

Serotypes (%)

ReferencesDENV‐1 DENV‐2 DENV‐3 DENV‐4

2 2007 67 0 (0.0) 60 (89.5) 7 (7.4) 0 (0.0) Soegeng et al72

2 2008 31 9 (29.0) 21 (67.7) 0 (0.0) 1 (3.2) Yamanaka et al28

2 2008 20 0 (0.0) 20 (100.0) 0 (0.0) 0 (0.0) Soegeng et al72

2 2008 39 17 (43.6) 21 (53.8) 0 (0.0) 1 (2.6) Kotaki et al46

2 2008 2 0 (0.0) 2 (100.0) 0 (0.0) 0 (0.0) Mulyatno et al82

2 2009 70 1 (1.4) 65 (92.9) 2 (3.8) 1 (1.4) Soegijanto et al,71 Soegeng et al72

1 2008‐2009 76 67 (85.9) 5 (6.4) 0 (0.0) 4 (5.1) Yamanaka et al28

1 2009 73 64 (87.7) 5 (6.8) 0 (0.0) 4 (5.5) Kotaki et al46

1 2009‐2010 71 71 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) Yamanaka et al28

1 2009‐2011 36 36 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) Mulyatno et al82

1 2010 66 66 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) Kotaki et al46

1 2010 27 27 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) Soegeng et al72

1 2008‐2015 109 57 (52.2) 44 (40.3) 3 (2.7) 5 (4.6) Mulyatno et al83

1 2011 264 222 (84.1) 23 (8.7) 0 (0.0) 1 (0.4) Kotaki et al46

1 2011 203 182 (89.6) 20 (9.8) 0 (0.0) 1 (0.5) Soegijanto et al70

1 2012 83 62 (74.6) 7 (8.4) 7 (8.4) 7 (8.4) Wardhani et al44

1 2012 75 68 (90.7) 7 (9.3) 0 (0.0) 0 (0.0) Kotaki et al46

1 2013 69 47 (68.1) 19 (27.5) 3 (4.4) 0 (0.0) Kotaki et al46

1 2012a 71 52 (71.8) 8 (11.2) 11 (15.4) 9 (12.6) Aryati et al117

1 2013 69 47 (68.1) 19 (27.5) 3 (4.3) 0 (0.0) Kotaki et al,46 Sucipto et al69

1 2012 79 79 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) Soegijanto et al70

1 2013 15 8 (53.3) 0 (0.0) 2 (13.3) 5 (33.3) Soegijanto et al70

2 2014 14 1 (7.2) 13 (92.8) 0 (0.0) 0 (0.0) Kotaki et al85

aTen samples were mixed serotype and were excluded because no information is provided.
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3.2 | DENV genotype

3.2.1 | Data set of the sequences

Searches on GenBank yielded 1025 sequences, and after excluding

non‐DENV sequences and those originating from other countries,

there were 371, 249, 162, and 84 sequences (E and non‐E genes)

for DENV‐1, ‐2, ‐3, and ‐4, respectively. After excluding non‐E genes

or very short sequences of E gene, the final dataset was as follows:

DENV‐1, 323 sequences; DENV‐2, 226 sequences; DENV‐3, 130

sequences; and DENV‐4, 75 sequences. To avoid missing E sequences

from our search on GenBank especially from traveller‐related

dengue cases with unspecified origins, an intensive manual search

was conducted on references from the systematic review. Then,

manual searches were conducted into GenBank. At the end of this

process, in addition to the previous E gene sequences, we included

360 sequences of DENV‐1, 242 sequences of DENV‐2, 140

sequences of DENV‐3, and 75 sequences of DENV‐4 in RAxML

analysis.

To avoid missing information from non‐E gene sequences, efforts

were made to determine the genotype, which included retrieving the

information directly from the original references and using a current

version of Dengue Genographic Viewer.122 These genotype data from

both E and non‐E gene sequences were used to create the genotype

distribution matrix (Figure 2).
3.2.2 | Dengue genotypes circulating in Indonesia

Available data suggest that DENV‐1 is the most diverse serotype in

Indonesia with four genotypes (I, II, IV, and V) identified (Figures 2

and 3A). Two DENV‐1 genotypes (I and IV) have apparently

cocirculated in Indonesia over the last decade (Figure 2). Historically,

Genotype IV seems to have been the dominant DENV‐1 genotype

that circulated. Genotype IV was first isolated123 in 1977 and was

the only genotype identified in Indonesia for three decades (between

the 1970s and 1990s) (Figure 2). This genotype continued to circulate

widely in Indonesia, including regions such as Jakarta,40,47,81 West

Java,43,87 and Surabaya,28,46 but has not been sampled since 2014

(Figure 2). DENV‐1 Genotype I was first isolated in Indonesia18 in

2006 and quickly became the most frequently isolated DENVs in Indo-

nesia. Genotype I viruses have been sampled over a wide geographical

range, not only in regions of Java Island,28,40,42-44,46,50 but also in

Bali,14,21,38,48,49 Jambi,41 Makassar,22 and Manado.112 Since its first

detection in Indonesia, Genotype I has frequently been reported to

cocirculate with Genotype IV in several regions in the

country.15,18,22,40,43,44,46

Only one sequence each of DENV‐1 Genotypes II and V was iden-

tified in Indonesia. The Genotype II virus was isolated from a patient

with no overseas travel history and who resided in Semarang, Central

Java.42 This virus was closely related to a DENV‐1 Genotype II strain

that originated fromThailand, isolated in 1964 from a DHF patient.124



FIGURE 2 Matrix of circulating DENV genotypes over time in Indonesia. The incidence and mortality rate of DHF in Indonesia over time (the
lower section of the matrix) suggest an association between DENV circulation dynamics and increase of incidence rate. Purple indicates
detection of genotype. The incidence and mortality rate of DHF was calculated using the National Disease Surveillance System database from the
Directorate General of Disease Prevention and Control of the Indonesian Ministry of Health. Details of DHF case definition and case
ascertainment used in this surveillance have been published elsewhere10

FIGURE 3 Global evolutionary history of DENV‐1 and ‐2 showing all genotypes circulating in Indonesia. The phylogeny tree was constructed
using randomised axelerated maximum likelihood (RAxML) analysis of 360 Indonesian sequences with 3923 comparison taxa for DENV‐1 (A)
and 242 Indonesian sequences with 3227 comparison taxa for DENV‐2 (B)
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The Genotype V virus was isolated from a Japanese traveller125

returning from Indonesia in 2014.

All DENV‐2 viruses isolated from Indonesia, with the exception of

two viruses that belonged to Asian II and American Genotypes,

respectively, were of the Cosmopolitan genotype (Figures 2 and 3B).

This genotype has been circulating in Indonesia126 since at least

1975 and has continued to circulate until recent years (Figure 2). It
has been reported in almost all of the main islands of Indonesia,

including Java,40,42-44,81,85,87 Sumatera,41 Sulawesi,22,112 Borneo,120

and Bali,38 as well from neighbouring countries through importation

by returning travellers.14-18

The two non‐Cosmopolitan DENV‐2, Asian II and American geno-

type viruses were isolated in 1975 and 1977, respectively126 as part of

a dengue virological surveillance and have not been detected since



10 of 17 HARAPAN ET AL.
that time. Multiple DENV‐2 genotypes may have been in circulation

during the 1970s in Indonesia but not detected.

Two DENV‐3 genotypes have been identified in Indonesia to date:

Genotypes I and II (Figures 2 and 4A). The great majority of isolated

DENV‐3 viruses grouped as Genotype I, with only three isolates

belonging to Genotype II. The first published sequence127 of Genotype

I was of a virus isolated in 1973. Genotype I has since been sampled in

almost all DENV epidemiological studies conducted in Indonesia from

the 1980s to 2010s (Figure 2). All three DENV‐3 Genotype II isolates

were sampled in 1988 from two local inhabitants of Jakarta128 and from

a Taiwanese traveller returning from Indonesia.129 This genotype has

not been recorded in Indonesia since that time.

DENV‐4 is the least frequent serotype circulating in Indonesia. All

DENV‐4 viruses detected in Indonesia belong to Genotypes II and III

(also known as IIA and IIB) (Figure 4B). Genotype II is the predominant

genotype in Indonesia and the only genotype of DENV‐4 that appears

to be currently circulating (Figure 2). Genotype III of DENV‐4 was

sampled130,131 between 1976 and 1977 and had not been reported

in Indonesia subsequently until a recent study sampled a virus of this

genotype from patient plasma collected in 2009 from Jakarta.40
4 | DISCUSSION

4.1 | DENV serotype and genotype shifts in
Indonesia

Data from our systematic literature review indicate that DENV sero-

type shifts have occurred in Indonesia in past decades. The first clear

serotype shift occurred when DENV‐3 viruses were displaced as the

national dominant serotype, after at least three decades (between

the 1970s and 1990s) by other serotypes, chiefly DENV‐2 viruses,
FIGURE 4 Global evolutionary history of DENV‐3 and ‐4 showing all ge
using randomised axelerated maximum likelihood (RAxML) analysis of 140
and 75 Indonesian sequences with 1190 comparison taxa for DENV‐4 (B)
towards the end of the 1990s. Between the year 2000 and

2008/2009, there was no clear serotype dominance in Indonesia on

a national scale, with different serotypes circulating in dominance in

different regions of Indonesia. This same period of serotype heteroge-

neity coincided with a significant increase in the number of dengue

cases reported (Figure 2). Another DENV serotype shift seemingly

occurred in 2008 to 2009, when DENV‐1 became the dominant sero-

type of Indonesia, replacing other circulating serotypes. DENV‐1 was

subsequently replaced by DENV‐3 and DENV‐2 in 2014 and these

serotypes have been dominant in Indonesia in recent years.

Since the first report of dengue in Indonesia in 1969, all four

DENV serotypes have been identified to have circulated, greatly

increasing the risk to residents of severe dengue. The first attempt

to identify DENV serotypes circulating in Indonesia was a 1970 to

1971 serological study, which reported DENV‐3 was the dominant

serotype.132 This was supported by subsequent isolation of DENV‐3

viruses from clinical specimens from DHF patients who were infected

from 1975 to 1978.119 Studies conducted up until the late 1990s con-

sistently reported that DENV‐3 was circulating in all regions of Indo-

nesia and was the causative agent of dengue epidemics.65-

68,73,76,78,95-98,101,119 In the early 2000s, however, it became apparent

that DENV‐3 had been displaced by DENV‐2 and DENV‐1 as the

major DENV serotype in circulation.79,106,109 Data from local79,87,106

and imported dengue case studies109 demonstrate that in the early

2000s, DENV‐2 was the predominant serotype in some cities in Indo-

nesia. Soon after 2004, however, there was no circulating serotype

that was dominant on a nationwide scale. In certain cities that were

studied, DENV‐1 appeared to be the dominant serotype,14,22,28,40-

42,44,46,50,100,110 while DENV‐2 was predominant in other Indonesian

cities during the same time period.28,43,46,85,106,109,112,133 This may

indicate that serotype dominance in particular cities is influenced by

local environmental factors, DENV immune profiles, or travel patterns.
notypes circulating in Indonesia. The phylogeny tree was constructed
Indonesian sequences with 1892 comparison taxa for DENV‐3 (A)
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Studies in Indonesia found that serotype introduction or replace-

ment is associated with increased case incidence and incidence of

severe manifestations of dengue.28,70,87,98 The introduction of

DENV‐3 viruses, for example, from Bantul to Sleman in Central Java

was associated with a large dengue outbreak in 1978.98 In 2004, the

replacement of DENV‐2 viruses by DENV‐3 viruses resulted in a

massive dengue outbreak in Indonesia, with 50 000 cases and 603

deaths reported.65,81 Similarly, a serotype displacement of DENV‐2

by DENV‐1 viruses was correlated with disease severity in Surabaya

—the incidence rate of severe manifestations of dengue increased

from 10% before the serotype shift to 28% after the introduction of

DENV‐1.28

The serotype shifts that have occurred in Indonesia were likely

influenced by pre‐existing immunity to endemic DENV serotypes.

For example, widespread population immunity to DENV‐3 following

decades of circulation of this serotype may have facilitated re‐emer-

gence of DENV‐2, and pre‐existing anti‐DENV‐3 neutralizing antibod-

ies apparently did not protect against hetero‐serotypic infection with

DENV‐2. It is unclear why DENV‐3 appears to have been the only

serotype circulating in Indonesia for up to three decades (1970–

1990s), while serotype dominance changed regularly since 2000s.

The most plausible explanation is the advent of international and fre-

quent air transportation. Spread of DENV‐1, ‐2 and ‐3 lineages and

co‐circulation of multiple DENV serotypes in Asian countries, includ-

ing Indonesia, was shown to have been facilitated by increasing air

travel since 1992.134

Genotype displacement and introduction were also identified in

Indonesia. Diverse genotypes and genotype shifts were observed

within the DENV‐1 serotype. Data from 1988 to 2008 revealed that

Genotype IV was the predominant genotype. However, currently,

Genotype I of DENV‐1 appears to be predominant in Indonesia and

appears to have replaced Genotype IV. Introduction of DENV‐1 Geno-

type I into Genotype IV‐endemic areas of Surabaya was associated

with an increase in total number of dengue cases from 2,268 before

the genotype shift to 3,379 cases after genotype shift.28 This could

be associated with antibody‐dependent enhancement (ADE)

mechanism.135
4.2 | Virus circulation and dengue incidence in
Indonesia

We investigated associations between the displacement of DENV

serotypes or genotypes and the cyclic pattern of dengue incidence

in Indonesia. To do this, we generated data on national dengue inci-

dence and case fatality rates in Indonesia from 1968 to 2016 using

National Disease Surveillance System database from Directorate Gen-

eral of Disease Prevention and Control of the Indonesian Ministry of

Health (Figure 2). The incidence rate was expressed as per 100 000

person‐years. Details of dengue case definition and case ascertain-

ment used in this surveillance have been published elsewhere.10

The data reveal that the first clear peak of dengue disease incidence

was in 1988 (Figure 2). In 1988, there was no record of a serotype

shift in Indonesia. All studies of the time reported that DENV‐3 was

predominant,47,73,99 and this dominance was the same in the previous
year73,77 (Table 1). The only change observed during 1988 was the

percentage of DENV‐3, which was dominant,47,99 suggesting an asso-

ciation between the the increase of dengue cases in 1988 and DENV‐

3. However, it was unclear which determinants may have triggered

DENV‐3 activity and caused the outbreaks.47,99

Another disease incidence peak occurred in 1998 (Figure 2) when

DENV‐1, ‐2 and ‐3 all circulated. DHF outbreaks occurred in 11 differ-

ent provinces in Indonesia between November 1997 and May

1998.136 In early 1998, massive riots triggered by economic problems

including food shortages and mass unemployment occurred through-

out Indonesia, known as the May 1998 riots. These events triggered

population movements locally and internationally, especially among

Chinese Indonesians.137 In 1998, DENV‐3 Genotype II isolates closely

related to viruses that had circulated in Thailand for decades were

sampled for the first time in Indonesia from local inhabitants128 and

a traveller returning from Indonesia.129 Genotype II viruses appear to

have been imported into Indonesia and had established local circula-

tion for a short period, resulting in an increase in dengue incidence,

and have not been detected since.

Since 2000, it is clear that the incidence of DHF in Indonesia

greatly increased. In the early 2000s, DENV‐3 was no longer the pre-

dominant serotype of nationally and multiple serotypes have circu-

lated in the country since then.79,106,109 DENV‐174,87 and DENV‐

218,79,87,109 were the predominant serotypes in various geographical

regions between 2004 and 2008. In several regions DENV‐4 was

reported as the predominant serotype between 2004 and 200859,87

and was also reported as predominant serotype among travellers

returning from Indonesia to Australia during 2007 to 2008.114 Within

this period, DENV‐3 also re‐emerged in Jakarta and caused a severe

dengue outbreak, with 58 301 cases and 658 deaths.65,81 In short,

during the 2000–2009 period increased DENV‐1, ‐2 and ‐4 activity

was detected and was associated with a significant increase the num-

ber of DHF cases recorded in the county. During this period, rapid

DENV serotype shifts were also reported in other Southeast Asian

countries, such as the shift from DENV‐2 (2004 to 2006) to DENV‐1

(2007) in Vietnam, and from DENV‐1 and DENV‐4 (2003 to 2005)

to DENV‐2 and DENV‐3 (2006 to 2007) in the Philippines.18 Serotype

displacement also occurred in Myanmar in 2001 in which displace-

ment of DENV‐1, ‐2, and ‐3 to DENV‐1 was reported; this was the

largest dengue outbreak in the country's history, with 15 361 reported

cases of DHF or severe dengue.138 Rapid DENV serotype change was

also reported in Thailand during 2004 and 2010 in which the major

serotypes were not stable and showed a shift from one serotype to

another, DENV‐1 (2004), DENV‐4 (2007), DENV‐1 (2008), and

DENV‐3 (2010).139 Altogether, these data indicate that during the

2000s, there was rapid displacement of DENV serotypes in Southeast

Asian countries, including Indonesia. Rapid serotype shifts may also be

linked to the increasing trend of dengue incidence in Indonesia

between 2000 and 2009. For example, introduction of DENV‐1 Geno-

type I in 2006. Although introduction of this genotype occurred rela-

tive recently, the viruses of this genotype were the most frequently

isolated virus within DENV‐1 in Indonesia. This genotype has been

isolated in almost all Indonesian main islands,14,22,28,38,40-44,46,48-

50,112 suggesting that this virus may be more efficiently transmitted

and is better at adapting to new ecological niches.
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Interestingly, there was a significant reduction in dengue inci-

dence from 2009 to 2011 in Indonesia (Figure 2), was coincident with

DENV‐1 establishing serotype dominance in Indonesia on a national

scale in approximately 2009. There is clear evidence that DENV‐1

Genotype I was the predominant serotype and genotype circulating

in Indonesia in 2009 to 2012 (Table 1). Multiple dengue serotypes

began to dominate from 2013, associated with significant increase in

dengue cases observed from that time.
4.3 | Insights for dengue vaccine development

Multiple traditional measures and strategies have been employed for

dengue prevention and control,140 but most of these are

compliance‐ and community involvement–dependent strategies which

are hindered by poor compliance and absence of active local commu-

nity involvement.12,141,142 Modern, integrated vector management

approaches using novel biological control approaches such as

paratransgenesis,140,143-150 sterile insect techniques,140,143,151 and

production of genetically modified vectors,140,143,152-154 are urgently

needed as well as innovative vaccine candidates. Our data presented

in this study may be important for dengue vaccine development, par-

ticularly with regard to future vaccine composition.

The relevance of antigenic match between circulating DENVs and

vaccine strains has been suggested by a growing number of

studies.51,52,155

This was observed during clinical trials of the world's first licenced

dengue vaccine, CYD‐TDV (Dengvaxia), developed by Sanofi Pasteur.

CYD‐TDV is a live‐attenuated recombinant tetravalent vaccine that

uses the 17D yellow fever vaccine virus as a backbone. Because of

the unprecedented complexity and varying efficacy,156 the use of this

vaccine is recommended only for populations with dengue seropreva-

lence rates above 80% or to seropositive individuals after screening

test.157 Several studies also have assessed the feasibility and complex-

ity of dengue vaccination within an Indonesian context.158-163 Cur-

rently, there are no vaccine recommendations that have been

released for travellers from nonendemic to endemic countries such

as Indonesia.164

One explanation for the observed varying efficacy of this vaccine

during the trial156 is antigenic variation between circulating DENVs in

the studied regions and vaccine strains.51 A study found that a high

degree of antigenic similarity between circulating DENVs in the

regions and vaccine strains is important to achieve high vaccine effi-

cacy.51 For example, in CYD14 trials (CYD‐TDV trials in Asian coun-

tries), vaccine efficacy decreases with increasing residue mismatch

proportion of amino acid sequence between vaccine strains and circu-

lating DENV strains for all serotypes.51 A similar finding was also

observed for genotype‐level efficacy, in which mismatch between

the genotypes included in the vaccine and circulating genotypes

reduced the efficacy of the vaccine.52 These explain low efficacy of

trialled CYD14 vaccine in the Southeast Asia region, including Indone-

sia.51,52 Therefore, this national snapshot of genetic DENV diversity in

Indonesia may contribute to development more effective dengue vac-

cine compositions in the future.
5 | CONCLUSION

Over the past five decades, there has been a dramatic increase in

DHF annual incidence in Indonesia with a cyclic pattern that peaked

approximately every 6 to 8 years, while the annual case fatality rate

has decreased over time. Since the first report of dengue in 1969, all

four DENV serotypes have circulated in Indonesia and have under-

gone shifts in dominance. Prior to the end of the 1990s, all docu-

mented dengue outbreaks were associated with DENV‐3 viruses, the

dominant serotype in circulation. Frequent serotype shifts were sub-

sequently reported from the early 2000s. Genotype displacements

and genotype introductions have also been identified in Indonesia

within the DENV‐1, ‐2, and ‐3 serotypes. Serotype dominance shifts

and genotype introductions in Indonesia have been associated with

variations in dengue incidence. This highlights the importance of con-

tinuous systematic virus surveillance in Indonesia and the importance

of gaining a better understanding of the dynamics of dengue infection

in Indonesia and DENV movement between countries in the

Southeast Asian region. Data from this study may also contribute to

dengue vaccine design appropriate for Indonesia and for the South-

east Asian region.
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Abstract 

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 
and Control of Ministry of Health.

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 
incidence.

Keywords: Dengue hemorrhagic fever, Epidemiology, Incidence rate, Mortality rate, Indonesia

© The Author(s) 2019. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License 
(http://creat iveco mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, 
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, 
and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creat iveco mmons .org/
publi cdoma in/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

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 
(DF), 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 
DENV 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 

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 
CFR 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/mm3) 
and an increased haematocrit over 20% [17]. Suspected 
DHF cases based on those criteria were further assessed 

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 
DHF 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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decreased over time. In the late 1960s, the CFR was esti-
mated to be more than 20% of those infected, which sub-
sequently declined approximately by half each decade 

since 1980. As of 2016, the CFR of DHF was just 0.79% 
(Fig. 1).

Based on provincial geographical mapping of IRs 
between 2011 and 2016, West Java contributed the 

Fig. 1 Incidence rate (per 100,000 person-years) and case fatality rate (%) of dengue hemorrhagic fever in Indonesia from 1968 to 2017

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

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 naïve 
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 

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.
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Abstract

Background: Despite the high number of chikungunya cases in Indonesia in recent years, comprehensive
epidemiological data are lacking. The systematic review was undertaken to provide data on incidence, the
seroprevalence of anti-Chikungunya virus (CHIKV) IgM and IgG antibodies, mortality, the genotypes of circulating
CHIKV and travel-related cases of chikungunya in the country. In addition, a phylogenetic and evolutionary analysis
of Indonesian CHIKV was conducted.

Methods: A systematic review was conducted to identify eligible studies from EMBASE, MEDLINE, PubMed and
Web of Science as of October 16th 2017. Studies describing the incidence, seroprevalence of IgM and IgG,
mortality, genotypes and travel-associated chikungunya were systematically reviewed. The maximum likelihood
phylogenetic and evolutionary rate was estimated using Randomized Axelerated Maximum Likelihood (RAxML), and
the Bayesian Markov chain Monte Carlo (MCMC) method identified the Time to Most Recent Common Ancestors
(TMRCA) of Indonesian CHIKV. The systematic review was registered in the PROSPERO database (CRD42017078205).

Results: Chikungunya incidence ranged between 0.16-36.2 cases per 100,000 person-year. Overall, the median
seroprevalence of anti-CHIKV IgM antibodies in both outbreak and non-outbreak scenarios was 13.3% (17.7 and 7.
3% for outbreak and non-outbreak events, respectively). The median seroprevalence of IgG antibodies in both
outbreak and non-outbreak settings was 18.5% (range 0.0–73.1%). There were 130 Indonesian CHIKV sequences
available, of which 120 (92.3%) were of the Asian genotype and 10 (7.7%) belonged to the East/Central/South
African (ECSA) genotype. The ECSA genotype was first isolated in Indonesia in 2008 and was continually sampled
until 2011. All ECSA viruses sampled in Indonesia appear to be closely related
to viruses that caused massive outbreaks in Southeast Asia countries during the same period. Massive nationwide
chikungunya outbreaks in Indonesia were reported during 2009–2010 with a total of 137,655 cases. Our
spatio-temporal, phylogenetic and evolutionary data suggest that these outbreaks were likely associated with
the introduction of the ECSA genotype of CHIKV to Indonesia.

Conclusions: Although no deaths have been recorded, the seroprevalence of anti-CHIKV IgM and IgG in the
Indonesian population have been relatively high in recent years following re-emergence in early 2001. There is
sufficient evidence to suggest that the introduction of ECSA into Indonesia was likely associated with massive
chikungunya outbreaks during 2009–2010.
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Background
Arboviruses (arthropod-borne viruses) are a group of
viruses that exist in a transmission cycle between
blood-feeding arthropod vectors and amplifying, verte-
brate hosts. With most arboviruses, human involvement
in this transmission cycle is incidental [1]. In terms of
public health significance, the mosquito is the most
important vector of arbovirus transmission. It is esti-
mated that approximately 3.9 billion people, living in
more than 120 different countries, are at risk of becom-
ing infected with any of the three major arboviruses:
Chikungunya virus (CHIKV), Dengue virus (DENV) and
Zika virus (ZIKV) [2]. Chikungunya virus, which is pri-
marily transmitted by Aedes aegypti and Ae. albopictus
mosquitoes, is a positive-sense single-stranded RNA
virus and a member of the family Togaviridae [3, 4]. The
first well-characterised chikungunya outbreak was re-
ported in Southern province, Tanganyika territory of
Tanzania in 1952 [5, 6]. Sporadic chikungunya outbreaks
were subsequently identified in parts of Africa and Asia
during the 1950s and 1960s, followed by an apparent
re-emergence in the 2000s [7]. Since 2005, large-scale
outbreaks of chikungunya sweeping across south-west-
ern Indian Ocean and Southeast Asia [8–20]. In La
Réunion, the outbreak affected about a third of the
population [9, 21] and in India, the viruses infected
more than 1.3 million persons during 2005–2006 [14].
In Sri Lanka, the viruses infected more than 100,000
people [15] and CHIKV subsequently spread to
Southeast Asia including Indonesia.
The illnesses caused by CHIKV and DENV are clinic-

ally indistinguishable and the accurate diagnosis of these
infections on clinical grounds alone is usually problem-
atic [22, 23]. Although prior literature has stated that a
higher proportion of people infected with CHIKV are
symptomatic than those infected with DENV [24], a
recent systematic review revealed that asymptomatic
chikungunya had a very high variability in percentages
ranging from 3.2% in La Réunion (2005–2006) to 82.1%
in the Philippines (2012–2013) [25]. The highest
percentage of asymptomatic chikungunya have been
recorded with the Asian genotype in the Philippines with
82.1% [26]. The common symptoms of chikungunya
include rash, high fever, severe joint and muscle pain,
headache and photophobia [7, 27]. Severe symptoms,
involving vital organs, may develop during CHIKV
infection such as encephalitis [28, 29], encephalopathy
[29–31], optic neuropathy [29, 32], neuroretinitis [32],
myelopathy and myelitis [29], Guillain-Barré syndrome
[29, 32], myocarditis [31], hepatitis [33], acute interstitial
nephritis [34], severe sepsis [35], septic shock [35] and
multi-organ failure [31–33, 36, 37]. In rare cases, infec-
tions may be fatal [28, 33–35, 37]. Perinatal CHIKV in-
fection can cause sequelae such as microcephaly and

cerebral palsy [38]. In adults, persisting arthralgia/arth-
ritis, alopecia and depression are the most commonly
recorded sequelae [39–42]. A meta-analysis found that ap-
proximately 25% of chikungunya cases develop chronic in-
flammatory rheumatism and 14% develop chronic
arthritis [43], creating a major burden on society in terms
of morbidity and economic productivity [41, 42, 44, 45].
CHIKV has an approximately 12 kb genome that en-

codes four non-structural proteins (NSP1–4) and five
structural proteins (C, E3, E2, 6 K, and E1) [4]. Genetic
analysis has identified three genotypes of CHIKV: the
West African, East/Central/South African (ECSA), and
Asian genotype [46]. The ECSA genotype consists of
three lineages: Central African, East/South African, and
the Indian Ocean lineage. These genotypes are spreading
sporadically worldwide, with ECSA and Asian genotypes
being the predominately isolated [47].
In Indonesia, based on official documents from the

Ministry of Health (MoH), chikungunya cases were
reported for the first time in Samarinda (Kalimantan is-
land) in 1973 [48]. However, there is evidence to suggest
that CHIKV infections have occurred in Indonesia prior
to 1973. Serum samples collected between 1969 and
1972 demonstrated significant titres of anti-CHIKV anti-
bodies when tested using haemagglutination inhibition
assay (HI) and the plaque reduction neutralization test
(PRNT) in most of the Indonesian archipelago, except
Java [49, 50]. In addition, evidence from historical
reports suggest that the first circulation of CHIKV was
back in 1779 in Jakarta, when this infection called as
kidinga pepo [51, 52]. This is widely acknowledged by
experts in the field of arboviruses as the first report of
chikungunya in Indonesia, although it is impossible to
demonstrate by molecular clock analysis [53]. The first
virologically confirmed chikungunya outbreak was re-
ported in June 1982 in Jambi province of Sumatra island,
followed by multiple outbreaks between 1983 and 1984
[54]. Chikungunya cases were not recorded in Indonesia
for approximately 20 years, before the infection appeared
to re-emerge and cause multiple outbreaks in South
Sumatera, Aceh and West Java in early 2001 [48]. Since
then multiple outbreaks have been reported [48, 55–65].
Despite the high number of chikungunya cases in
Indonesia in recent years, comprehensive epidemio-
logical data are lacking.

Objectives
The overarching aim of the study was to provide a com-
prehensive overview of chikungunya epidemiology in
Indonesia including an evolutionary analysis of CHIKV
that have circulated in the country between 1983 and
2016. Through a systematic review of available literature
and available sequence data on GenBank, the primary
objectives of this study were: a) to estimate the incidence
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of chikungunya in Indonesia; b). to characterize the sero-
prevalence of anti-CHIKV IgM and IgG antibodies in
Indonesia; c) to describe the mortality of chikungunya in
Indonesia and; d) to genetically characterize CHIKV
circulating in Indonesia that were isolated locally or
from travelers returning from Indonesia. The secondary
objective was to provide data of travel-associated chi-
kungunya originating from Indonesia.

Methods
Protocol and registration
The systematic review was conducted as recommended
by the Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) guidelines [66]. The
protocol of the systematic review was registered at
PROSPERO, an international database of prospectively
registered systematic reviews at the University of York
(CRD42017078205).

Role of the funding source
The funders of the study had no role in study design,
data collection, data analysis, data interpretation, writing
of the report and decision to publish.

Eligibility criteria
In this study, all full articles or abstracts published in
any year and language were included while editorials,
reviews, commentaries, and qualitative studies were ex-
cluded for all outcomes except for mortality. This is be-
cause study reporting chikungunya mortality is limited.
Studies in any setting (outbreak or non-outbreak) with
any study design (cross-sectional or prospective) were
considered eligible.

Chikungunya incidence
Any publications that reported the number of acute
chikungunya infections or seroconversions over any time
interval were eligible, as proposed previously [67]. Stud-
ies reporting chikungunya outbreaks with an attack rate
were also considerate eligible if information about the
population at risk was given.

Seroprevalence of anti-CHIKV IgM and IgG antibodies
Any publications that provided primary data on the
seroprevalence of anti-CHIKV IgM and IgG antibodies
in Indonesia were considered eligible. Eligible studies
included those reporting anti-DENV IgM and/or IgG
seroprevalence, measured by the presence of IgM and
IgG antibodies, among individuals with suspected acute
chikungunya infection, with suspected other arbovirus
infection, with undifferentiated acute febrile illness or
who were healthy. Studies reporting anti-DENV IgM
and/or IgG during outbreak and non-outbreak settings
were considered eligible.

Chikungunya mortality
Studies reporting chikungunya-associated deaths either
during an outbreak or in a non-outbreak setting were
considered eligible. For mortality, all type of articles (full
papers, case studies, letters, editorials, and commentar-
ies) with adequate information were considered eligible.
Studies reporting chikungunya-associated death among
travellers returning from Indonesia were excluded.

Chikungunya virus genotype
All CHIKV sequences originating from Indonesia, either
isolated locally or in travellers returning from Indonesia,
were included. CHIKV sequences originating from
Indonesian mosquito samples were also included. Single
and partial gene sequences, of either non-structural or
structural genes, as well as complete genome sequences
were included. Studies reporting CHIKV genotype infor-
mation, that failed to deposit sequence data into
GenBank, were excluded.

Exported chikungunya
All chikungunya cases reported in travellers returning
from Indonesia were included. Cases were confirmed by
anti-CHIKV IgM, reverse transcription polymerase chain
reaction (RT-PCR) or viral isolation. Cases without
laboratory confirmation were excluded.

Information sources and search strategy
A systematic search was conducted using four biblio-
graphical databases (EMBASE, MEDLINE, PubMed and
Web of Science as of October 16th 2017) to identify poten-
tial articles using Medical Subject Headings (MeSH)
encompassing the terms “Chikungunya” AND “Indonesia”.
No limit was set for the publication year or language. In
addition, grey literature and official reports from the MoH,
published in either Indonesian or English, were included.
Reference lists of the identified articles and references of
deposited sequences in GenBank were also searched
manually to find additional potential studies. Some authors
were contacted to obtain or clarify information.

Study selection
All titles and abstracts of identified articles were imported
into the local library of EndNote X7 (Thompson Reuters,
Philadelphia, PA, USA) and duplicate records between
multiple databases were removed. Retrieved articles were
initially screened based on title and abstract to identify
possible eligible studies. The full texts of potential eligible
articles were then reviewed. The screening and review
process was conducted by two authors (HH and AM).
After reviewing full texts, the eligibility of each study was
decided. If there was disagreement between two authors, a
third made the final decision.
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Data collection process and synthesis
Chikungunya incidence
The number of new chikungunya cases and population
at risk or overall attack rate during an outbreak were re-
corded. Location, date, setting of study, diagnosis method,
number of confirmed or suspected cases and other related
information were also extracted. The incidence of chikun-
gunya was expressed in terms of person-year.
Besides systematically reviewing the available litera-

ture, we also accessed and extracted data from the
National Disease Surveillance run by the Directorate
General of Disease Prevention and Control of the
Indonesian MoH. Chikungunya is a notifiable disease in
Indonesia. The chikungunya case definition and case as-
certainment used in this surveillance system have
previously been published at the National Guideline for
Prevention and Control of Chikungunya from MoH
[68]. This case definition follow the World Health
Organization (WHO) criteria [69]. In brief, chikungunya
cases were classified into three categories: a) possible
case, diagnosed based on clinical criteria alone as acute
onset of fever > 38.5°C and severe arthralgia/arthritis not
explained by other medical conditions; b) probable case,
diagnosed based on the clinical criteria as mentioned
and epidemiological criteria (residing or having visited
epidemic areas) and; c) confirmed case, diagnosed based
on laboratory criteria which show a positive result for
virus isolation, RT-PCR, IgM antibodies or a four-fold
increase in IgG antibodies [68]. This surveillance system
includes all types of chikungunya cases. The number of
chikungunya cases were retrieved from the database.
This primary dataset was analysed separately from other
studies from systematic review. The annual chikungunya
incidence rate was determined by dividing the number
of new chikungunya cases, by the size of the population
at risk based on MoH data. The incidence rate was
expressed as per 100,000 person-years. To obtain a more
comprehensive distribution of the chikungunya cases in
Indonesia, geographical maps of provincial incidence
rates from 2008 to 2016 were created using ArcGIS
software [70]. The provincial incidence rate was
expressed as the number of chikungunya cases per
100,000 civilians.

Seroprevalence of anti-CHIKV IgM and IgG antibodies
Because each study had different settings, designs and
tested sera (collected from febrile or non-febrile sub-
jects), which may potentially affect the percentage of
prevalence, the seroprevalence in this study was strati-
fied. The seroprevalence of anti-CHIKV IgM and IgG
antibodies were divided into: a) setting of study (out-
break and non-outbreak) and; b) status of tested sera
(collected from healthy individuals and patients with un-
differentiated acute febrile illness or suspected arbovirus

infection). Therefore, the seroprevalence of anti-CHIKV
IgM and IgG antibodies were stratified into four categor-
ies: a) among febrile patients during a chikungunya
outbreak or post outbreak; b) among non-febrile patients
during a chikungunya outbreak or post outbreak; c)
among febrile patients not in an outbreak; and d) among
non-febrile patients not in an outbreak. If one reference
consisted of two or more studies with different settings
or statuses of participants, then the data were divided
into the relevant categories. The median value and the
ranges of the seroprevalence of IgM and IgG antibodies
were calculated for each setting.

Chikungunya mortality
For mortality, the number of deaths associated with
CHIKV infections either during an outbreak or in a
non-outbreak setting was included. Data such as loca-
tion, date, setting of study, sample size, diagnosis
method, number of cases and other related information
were extracted. The case fatality rate was calculated as
the number of deaths associated with chikungunya,
confirmed by doctor resume on death certificate during
passive surveillance or confirmation by outbreak investi-
gation staff run by MoH, divided by the number of
cases, expressed as a percentage (%). All deaths associ-
ated with chikungunya are reported continuously in the
National Disease Surveillance managed by MoH.

Chikungunya virus genotype
To determine the CHIKV genotype, CHIKV sequences
derived from locals and travellers returning from
Indonesia were included. In addition, a search was
conducted in GenBank to confirm the findings from sys-
tematic review and to obtain additional sequence data.
To avoid missing sequences from our search on
GenBank especially from travel-related cases, for ex-
ample unlabelled origin of sequences, intensive manual
search was conducted on references from the systematic
review. Then manual searches were conducted in Gen-
Bank. Authors were contacted if there was disagreement
between the information in the article and with the
GenBank data. To provide more comprehensive data of
circulating genotype over time, data from a study that
consisted of genotype data over multiple years was
divided and reported per year. Sequences were extracted
and imported to Geneious v.10.1.3 [71] for further
phylogenetic analysis.

Exported chikungunya
To fully assess epidemiology data of chikungunya in
Indonesia, all confirmed CHIKV infections (as defined
by serology or RT-PCR) reported from other countries
that are known to have originated from Indonesia were
also included. Essential data such as date, country, and
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number of cases, diagnosis method, and the genotype of
CHIKV were collected. Data from a study that consisted
of genotype data over multiple years were also divided
and reported per year, if possible.

Outcomes
The primary outcomes of the systematic review, together
with MoH database analysis, were: a) the incidence of
chikungunya in Indonesia; b) the seroprevalence of
anti-CHIKV IgM and IgG antibodies in Indonesia; c)
chikungunya-related mortality in Indonesia and; d) a
description of the CHIKV genotypes circulating in
Indonesia. The secondary outcome was chikungunya
cases exported from Indonesia to other countries.

Risk of bias assessment
The quality of eligible studies of incidence and sero-
prevalence IgM and IgG was evaluated by evaluating the
risk of bias and the precision of the reported measures
in accordance with a modified tool from previous study
[67]. The risk of bias was evaluated by critically apprais-
ing diagnostic methods, sampling, response rate, and
study setting. Studies were considered to have a low,
high, or unclear risk of bias based on those four
domains. Risk of bias was considered low if: a) sero-
prevalence of CHIKV-specific antibodies was measured
using a standard method such as enzyme-linked im-
munosorbent assay (ELISA), HI, and PRNT-based assays
and chikungunya was diagnosed with laboratory con-
firmation such as IgM, RT-PCR or viral isolation; b)
samples was selected using probability-based strategy -
for incidence studies that enrolled individuals presenting
to a health facility with acute infection this domain was
not assessed; c) response rate was ≥80% and; d) the
study setting was clearly stated (during outbreak or not).
Studies were considered to have high precision if the
number of individuals recruited or tested was ≥100 [67].
For genotyping studies, the quality of study was judged
based on: a) whether the origin of sequences is clearly
mentioned (human or mosquito) and; b) whether the lo-
cation and date of isolation are clearly provided. The
quality of studies about exported chikungunya was
assessed based on two criteria: a) clear information of
travel history and; b) chikungunya cases were diagnosed
using standard methods such as IgM, RT-PCR or viral
isolation. If at least one criterion was missing in studies
on genotyping or exported chikungunya, then the study
was considered to have a high risk of bias. If a reference
consists more than one studies, the risk of bias was
assessed for each study.

Phylogenetic and evolutionary analysis
To provide solid data on CHIKV circulating in
Indonesia, phylogenetic and evolutionary analyses were

conducted for all Indonesian CHIKV sequences. To
achieve this, Indonesian CHIKV sequences were down-
loaded from the GenBank database using the search key-
words: “Chikungunya” AND “Indonesia” (last searched:
October 20th, 2017). For comparison, all CHIKV se-
quences from other countries were also downloaded and
those full genome sequences were trimmed leaving only
the E1 gene. All Indonesian and comparison sequences
were aligned using a Multiple Alignment using Fast
Fourier Transform (MAFFT) v.7.309 [72] as imple-
mented in Geneious v.10.1.3 [71]. To provide the rela-
tionship between Indonesian viruses and viruses isolated
from other parts of world, an estimation of the max-
imum likelihood-based phylogenetic tree was performed
using Randomized Axelerated Maximum Likelihood
(RAxML) v.7.2.8 [73, 74]. General Time Reversible with
gamma substitution model (GTR + Γ) and a rapid boot-
strap procedure were employed with 1589 comparison
sequences.
To provide evolutionary information of Indonesian

viruses, their evolutionary rate and the Time to Most
Recent Common Ancestors (TMRCA) was estimated
using the Bayesian Markov chain Monte Carlo (MCMC)
method as implemented in Bayesian Evolutionary
Analysis Sampling Trees (BEAST) v.2.4.6 [75]. The input
file for BEAST was prepared using Bayesian Evolution-
ary Analysis Utility (BEAUti) and runs were performed
using General Time Reversible with four gamma cat-
egory and invariant sites (GTR + Γ4 + I). The runs used
the relaxed lognormal molecular clock with an initial
estimated evolutionary rate of 4.33 × 10− 4 substitutions
per site per year [76] and with a Coalescent Bayesian
skyline model. A hundred million chains were run and
sampled every thousand cycles with 53 representative
reference sequences. The output of MCMC runs was an-
alyzed using Tracer v.1.6 to assess effective sampling
size. The Maximum Clade Credibility (MCC) of phylo-
genetic trees was created using TreeAnnotator v.2.4.6
with 10% burn-in and visualized using FigTree v.1.4.3.

Results
Study eligibility results
The searches yielded 182 references of which 84 were
excluded as duplicates. After conducting a title and ab-
stract screen of 98 references, an additional 55 refer-
ences were excluded (Fig. 1). The full text references
were retrieved for 43 titles; 19 had been excluded for
one of four reasons: a) the full-text did not include data
of any outcome of interest (n = 9); b) full-texts were not
available and the abstract did not include adequate data
for any outcome of interest (n = 8); c) duplicated data in
another study (n = 1); and d) did not meet eligibility cri-
teria (n = 1). This screen resulted in 24 eligible studies
[13, 49, 50, 54, 55, 77–95]. An additional 16 references
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were identified from reference lists, reviews and Gen-
Bank references [20, 23, 76, 96–108] in which some of
the references reported more than one of the outcomes
of interest. A total of 40 references were included in the
systematic review [13, 20, 23, 49, 50, 54, 55, 76–108]. Of
these references, two studies assessed the incidence of
chikungunya [94, 95], five studies assessed the seropreva-
lence of anti-CHIKV IgM antibodies [54, 55, 77, 78, 95]
and seven assessed the seroprevalence of anti-CHIKV IgG
antibodies [49, 50, 54, 55, 77–79]. Five studies reported
mortality rates of chikungunya [13, 54, 55, 78, 80]. Geno-
type analyses of CHIKV circulating in Indonesia were re-
ported in sixteen studies [13, 20, 23, 76, 78, 81–85, 94, 98,
100, 102, 103, 108], and exported chikungunya or
travel-related chikungunya were reported in 24 studies
[20, 23, 82, 84, 86–93, 96–107]. Detailed characteristics of
each study is provided in Additional file 1. In addition,
eleven official reports from the MoH of Indonesia, all
reporting the incidence and mortality of chikungunya,
were identified [48, 56–65].

Precision and risk of bias assessment
Quality assessment for each study included on chikun-
gunya incidence and seroprevalence anti-CHIKV IgM
and IgG is provided in Table 1. Both chikungunya inci-
dence studies, four out five (75%) and five out seven
(71.4%) of references of seroprevalence anti-CHIKV IgM
and IgG, respectively, contained high precision as
defined by a sample size of > 100 subjects. For the risk
of bias assessment, response rate was not reported in all
studies and all studies used valid essay. Among sero-
prevalence studies, 16% (2/12) studies used probability
sampling (i.e. low risk of bias) and all studies had
clear setting of the study. There was no variability of
risk of bias among studies on CHIKV genotype in
Indonesia and exported chikungunya cases. All studies
on CHIKV genotypes provided clear information of
sequences (origin of the sequences, location and date
of isolation) and all exported chikungunya studies had
robust methods in diagnosing chikungunya and clear
information of travel history (i.e. low risk of bias).

Fig. 1 Flowchart of the result of literature search according to the preferred reporting items of systematic reviews and meta-analyses (PRISMA)
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See Additional file 1 for detailed risk of bias assess-
ment for each study.

Incidence of chikungunya
Two studies assessed the incidence of chikungunya in
Indonesia [94, 95]. One study took place in Bandung
(West Java province) between 2000 and 2004 and
between 2006 and 2008 [94]. This study found that the
incidence of chikungunya was 10.1/1000 persons-year
[94]. Another study in three localities in Indonesia found
similar incidence, 8.8/1000 persons-year during 2010–
2011 [95]. In addition, eleven annual reports from the
MoH of Indonesia were identified [48, 56–65], providing
the incidence rate of chikungunya between 2004 and
2015. This data revealed that the lowest chikungunya in-
cidence was in 2005 with 0.16/100,000 person-year [48]
while the highest incidence rate was recorded in 2009
with 36.2 cases per 100,000 persons-year [62]. In 2009,
more than 83 thousand cases were reported and CHIKV
been reported circulate in seventeen out of 34 provinces
in Indonesia [62].
To provide a more comprehensive picture of incidence

rate of chikungunya, we accessed and extracted the
National Disease Surveillance database at the MoH. The
database covered chikungunya incidence between 2001
and 2016. In this 16-year period, the highest number of
chikungunya cases was recorded in 2009 with 83,756
cases, equivalent to an incidence rate of 36.2 cases per

100,000 person-year (Fig. 2). The map of provinvial indi-
cence rates indicated that chikungunya cases did not dis-
tribute equally among Indonesian regions (Fig. 3). The
highest incidence of chikungunya occurred in Sumatera,
Kalimantan and Java. Chikungunya was not reported in
Papua and West Papua province of Indonesia between
2008 and 2016.

Seroprevalence of anti-CHIKV IgM antibodies
Five studies were identified that assessed the seropreva-
lence of anti-CHIKV IgM antibodies (with or without
the combination of other tests), during both outbreak
and non-outbreak settings [54, 55, 77, 78, 95]. These
studies analyzed a total of 1183 serum samples between
1998 and 2010. The combination of all studies that were
conducted in outbreak and non-outbreak settings
yielded a median IgM seroprevalence of 13.3% (range
0.0–60.4%) (Table 2).
Our data indicate that the seroprevalence of

anti-CHIKV IgM antibodies during an outbreak is much
higher compared to in a non-outbreak setting (median
17.7%, range 3.2–60.4% vs. median 7.3%, range 0.0–26.3%,
respectively). In some outbreaks the seroprevalence of
IgM antibodies was more than 50%, such as the outbreak
in Bogor 2001 [55]. However, an investigation conducted
3 months after a chikungunya outbreak in Yogyakarta
during 1998–1999 found that IgM antibodies were only

Table 1 Precision and risk of bias assessment of studies on chikungunya incidence and seroprevalence of anti-Chikungunya virus in
Indonesia

Year Region Sample Risk of bias Precision Reference

Assay Sampling Setting Response rate

Chikungunya incidence studies

2000–2004 Bandung 5704 Low NA Low Unknown High [94]

2010–2011 Jakarta, West Java, Bali 446 Low NA Low Unknown High [95]

Seroprevalence anti-CHIKV IgM studies

2015–2016 Bali 15 Low NA Low Unknown Low [78]

2004–2005 Indonesia 198 Low NA Low Unknown High [77]

2010 Jakarta, West Java, Bali 105 Low NA Low Unknown High [95]

2001 Bogor 99 Low Low Low Unknown Low [55]

1998–1999 Yogyakarta 76 Low Unknown Low Unknown Low [54]

Seroprevalence anti-CHIKV IgG studies

2015 Bali 8 Low NA Low Unknown Low [78]

2004–2005 Indonesia 198 Low NA Low Unknown High [77]

1995–1996 Semarang 60 Low NA Low Unknown Low [97]

1998–1999 Yogyakarta 76 Low Unknown Low Unknown Low [54]

2002 Bekasi 145 Low Low Low Unknown High [55]

1972 Ambon 321 Low Unknown Low Unknown High [50]

1972 Kalimantan 199 Low Unknown Low Unknown High [49]

NA Not applicable
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present in 3.2% of suspected patients with CHIKV infec-
tion while IgG seroprevalence was at 70.4% [54] (Table 2).

Seroprevalence of anti-CHIKV IgG antibodies
Seven studies provided information on the seroprevalence
of anti-CHIKV IgG antibodies in humans, in both out-
break and non-outbreak settings [49, 50, 54, 55, 77–79].
These studies covered a 47-year period (between 1969 and
2015) with a total of 3717 serum samples tested (Table 3).
Overall, in both outbreak and non-outbreak settings, the
median seroprevalence of IgG antibodies was 18.5% (ran-
ging from 0.0% in non-febrile inhabitants in non-outbreak
area to 73.1% among patients who were febrile during an
outbreak). In a non-outbreak setting, for both febrile and
non-febrile patients, the median seroprevalence of
anti-CHIKV IgG was 14.1% (range 0.0–43.9%). In con-
trast, the seroprevalence of IgG antibodies was much
higher among patients during an outbreak (both febrile
and non-febrile individuals) (median 47.4%, range 0.0–
73.1%). The median seroprevalence of anti-CHIKV IgG
among non-febrile subjects in a non-outbreak setting was
12.2% (range 0.0 to 26.8%) in Indonesia.

Mortality of chikungunya in Indonesia
Five outbreak investigations [13, 54, 55, 78, 80] were iden-
tified and no deaths due to chikungunya were reported. In
addition, in eleven annual reports from the MoH of
Indonesia, covering 44 years (1973 to 2016), there was no
deaths related to CHIKV infection [48, 56–65].

Genotypes of CHIKV circulating in Indonesia
Sixteen studies reporting the genotype of circulating
Indonesian CHIKV were identified with a total of 130
viruses sequences [13, 20, 23, 76, 78, 81–85, 94, 98, 100,

102, 103, 108] (Table 4). Of these studies, seven were con-
ducted among local inhabitants [13, 78, 81, 83, 85, 94, 108],
and eight were conducted with viruses isolated from
travellers returning from Indonesia [20, 23, 82, 84, 98,
100, 102, 103]. One study did not mention whether
the virus was isolated in local inhabitant or in a trav-
eller [76]. Of the seven local studies, four were con-
ducted in a non-outbreak setting [81, 83, 85, 94], two
investigations were carried out during a chikungunya
outbreak [13, 78] and one study did not specify the
setting [108]. Most of the viruses that were isolated
from travellers were from Taiwan [23, 82, 100]. Other
viruses were collected from travellers returning to
Singapore [20], France [98], the Netherlands [102],
Russia [84], and Germany [103]. A vast majority of
the 130 CHIKV isolated from Indonesia, belonged to
Asian genotype (92.3%, 120/130). The remaining
isolated viruses were identified as being viruses of the
ECSA genotype (7.7%, 10/130). Of these ECSA vi-
ruses, two were isolated locally in 2011 [13] and the
remaining eight were isolated from travelers returning
from Indonesia between 2008 and 2010 [20, 23, 102].
Viruses of the West African genotype have not yet
been identified in or from Indonesia.
To confirm the results of the search from systematic

review for CHIKV genotype literature and the database,
a search was conducted in GenBank which yielded 119
sequences, rather than the expected 130 sequences.
Discrepancy between these findings is due to three
reasons: a) eight sequences were from an in press study
and had not yet been deposited into GenBank when
the search was conducted [85]; b) two sequences of
CHIKV, which were isolated from Singaporean trav-
elers returning from Indonesia, were deposited into

Fig. 2 Trends of number of chikungunya cases and incidence rates of chikungunya case (per 100,000 person years) reported to the Ministry of
Health of the Republic of Indonesia from 2001 to 2016
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GenBank as Singaporean viruses [20] and; c) one se-
quence had no information of country of origin in
GenBank.
For phylogenetic and evolutionary analyses based on

CHIKV E1 gene sequences, 127 sequences were in-
cluded. One paper, reporting non-structural gene se-
quence of three Asian genotype viruses, was excluded
[81]. The relationship of Indonesian CHIKV to other
CHIKV isolated worldwide is shown in Fig. 4. The Asian
genotype was first identified in Indonesia in 1983 [76],
while viruses of the ECSA genotype were isolated for the
first time in 2008, following the isolation of this geno-
type from returning Taiwanese [100] and Singaporean
travellers [20].
MCMC analysis using 53 representative reference

sequences reveals that the ECSA viruses sampled in

Indonesia between 2008 and 2011 belong to the Indian
Ocean Lineage (IOL) and are closely related to viruses
that have circulated in Southeast Asian countries such
as Sri Lanka, Malaysia, Singapore, Thailand, and Myanmar,
as well as China and South Korea during the same period
(Fig. 5). Interestingly, viruses of the ECSA genotype have
not been sampled in Indonesia, either in local or from
travelers studies, from 2011 onwards.

Exported chikungunya cases
Twenty four studies, reporting exported chikun-
gunya cases that originated from Indonesia covering
a 26 year-period from 1989 to 2014, were identified
[20, 23, 82, 84, 86–93, 96–107] (Table 5). During
this period, a total of 195 cases of chikungunya
cases were reported from travellers returning from

Fig. 3 Geographical mapping of incidence rates of Chikungunya virus infection in Indonesian provinces from 2008 to 2016 (per 100,000 persons).
Annual number of chikungunya cases from each Indonesian province was extracted from the Ministry of Health of the Republic Indonesia and
the map was created using ArcGIS. The colour gradation indicates the incidence rates
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Australia (128 cases) [86–88, 99, 104–107], Taiwan
(47 cases) [23, 82, 100], Japan (4 cases) [89, 90] and
other countries in Asia, Europe and the Pacific region (16
cases) [76, 84, 91–93, 96, 98, 101–103, 109]. Most of these
cases were diagnosed with a combination of serology and
RT-PCR, and sequence data was generated from only
27.6% (54/195) of cases [20, 23, 82, 84, 98, 100–103].

Discussion
Our systematic review and analysis of MoH database
examine the epidemiology of chikungunya in Indonesia
by summarizing published studies on chikungunya inci-
dence, the seroprevalence of IgM and IgG, mortality,
CHIKV genotypes and exported cases. Existing literature
on incidence rate of chikungunya Indonesia is lacking.
Nevertheless, using MoH databases, we are able to
generate comprehensive incidence rates of chikungunya
in Indonesia over a 16 year period, from 2001 to 2016.
Incidence data indicate there is no typical pattern of
chikungunya in the country. The most notable finding is
the massive nationwide outbreak during 2009–2010 with
137,655 cases followed by a smaller nationwide outbreak
in 2013 with 15,324 cases (Fig. 2). Prior to 2008 the inci-
dence of chikungunya was less than 10,000 cases/year
and this increased significantly in 2009 and 2010 with
83,756 and 53,899 cases, respectively [61, 62] (Fig. 2) in-
dicating that chikungunya incidence increased more

than 20 times in 2009. There is no scientific evidence to
explain what occurred during this outbreak. The MoH
suggests that this increase was due to the fact that prior
to 2009, many regions did not include CHIKV case
reports in their annual reports to the MoH.
Despite the multiple outbreaks that have occurred in

Indonesia since its re-emergence, there is also a lack of
data regarding the magnitude of CHIKV exposure in the
Indonesian population. Our systematic review, covering
the period of 1998–2010, indicates that CHIKV-specific
IgM antibodies were detected approximately 13% of sera
collected from healthy and acute febrile illness patients
(range 0.0–60.4%). This estimate can be interpreted as
evidence of recent CHIKV infection. Although IgM may
persist for months to years following the resolution of
infection, IgM titers reduce to undetectable levels after
weeks for most chikungunya patients and are replaced
with long lasting IgG [4]. The high seroprevalence of
anti-CHIKV IgM indicates that chikungunya is endemic
in Indonesia with on-going transmission.
Interestingly, 10.8% of sera from febrile patients

(presenting with dengue-symptoms or undifferentiated
acute febrile illness) in a non-outbreak setting had
anti-CHIKV IgM [77, 95]. This finding suggests that
many patients presenting with dengue-like symptoms
had a CHIKV infection. This proposed consideration is
supported by the evidence from other studies: a) in a

Table 2 Seroprevalence of anti-Chikungunya virus IgM antibodies within certain Indonesian location as reported in published
papers

Setting Year Region Sample
tested

Positive cases Diagnosis
method

Reference

Number Percentage

Non-outbreak and febrile 2010 Jakarta, West Java, Bali 105 26 24.8 IgM ELISA [95]

2004–2005 Indonesia 198 7 3.5 IgM ELISA [77]

1998–1999 Yogyakarta 57 15 26.3 IgM ELISA [54]

Non-outbreak and non-febrile 2002 Bekasi 55 0 0.0 IgM ELISA [55]

2001 Bogor 99 9 9.1 IgM ELISA [55]

1998–1999 Yogyakarta 123 7 5.6 IgM ELISA [54]

Median (Non-outbreak) 1998–2010 Indonesia 7.3 (0.0–26.3) IgM ELISA Present study

Outbreak and febrile 2015–2016 Bali 15 2 13.3 IgM ELISA [78]

2002 Bekasi 93 40 43.0 IgM ELISA [55]

2001 Bogor 86 52 60.4 IgM ELISA [55]

1998–1999 Yogyakarta 61 2 3.2 IgM ELISA [54]

Outbreak and non-febrile 2002 Bekasi 124 13 10.4 IgM ELISA [55]

2002 Bekasi 21 4 19.0 IgM ELISA [55]

2001 Bogor 45 8 17.7 IgM ELISA [55]

2001 Bogor 25 12 48.0 IgM ELISA [55]

1998–1999 Yogyakarta 76 3 3.9 IgM ELISA [54]

Median (Outbreak) 1998–2010 Indonesia 17.7 (3.2–60.4) IgM ELISA Present study

Median (Total) 1998–2010 Indonesia 13.3 (0.0–60.4) IgM ELISA Present study

ELISA Enzyme-linked immunosorbent assay

Harapan et al. BMC Infectious Diseases          (2019) 19:243 Page 10 of 20



non-outbreak setting, approximately 10% of febrile
patients with dengue-like symptoms demonstrated titers
of anti-CHIKV IgM [110]; and b) in most Asian coun-
tries, DENV and CHIKV co-circulate in the same loca-
tion [111, 112]. The confusion between dengue and
chikungunya infection could explain underreporting of
CHIKV in Indonesia [113]. Therefore, further tests is
required to exclude CHIKV infection in patients with
dengue-like symptoms. However, many regions in
Indonesia lack a specific diagnostic test for chikun-
gunya. In clinical settings in Indonesia, however,
DENV infection must be considered first as the main
diagnosis to minimize the incidence of severe forms
of dengue and therefore to reduce dengue mortality.
This rationale is based on the fact that dengue more

frequently presents with severe forms compared to
CHIKV, and has a high mortality rate in Indonesia
[114].
We found that in both outbreak and non-outbreak

localities, the median seroprevalence of asymptomatic
residents with current CHIKV infection (the present of
IgM) was 9.1% (range 0.0–48.0%) (Table 2). This finding
highlights the important fact that not all CHIKV infec-
tions present with specific symptoms that are noticed by
the infected individuals. A recent systematic review
revealed that the proportion of CHIKV infections that
were asymptomatic was highly variable, ranging from 3.2
to 82.1% [25]. Interestingly, current studies indicate
there is an increasing trend of asymptomatic chikun-
gunya over time [7, 21, 27]. Except for one study, all

Table 3 Seroprevalence of anti-Chikungunya virus IgG antibodies within certain Indonesian location as reported in published papers

Setting Year Region Sample
tested

Positive cases Diagnosis
method

Reference

Number %

Non-outbreak and febrile 2004–2005 Indonesia 198 87 43.9 IgG [77]

1995–1996 Semarang 60 14 23.3 IgG [79]

1998–1999 Yogyakarta 57 24 42.1 IgG [54]

Non-outbreak and non-febrile 1998–1999 Yogyakarta 123 33 26.8 IgG [55]

2002 Bekasi 55 3 5.4 IgG [55]

2001 Bogor 99 13 13.1 IgG [55]

1972 Kalimantan 692 151 21.8 HI [50]

1972 Java 54 0 0.0 HI [51]

1972 Bali 107 2 1.9 HI [51]

1972 Lombok 140 6 4.3 HI [51]

1972 Kupang 121 15 12.4 HI [51]

1972 Sulawesi 298 55 18.4 HI [51]

1972 Ambon 321 37 11.5 HI [51]

1972 Kalimantan 199 28 14.1 PRNT [50]

1971 Sulawesi 125 24 19.2 PRNT [50]

1971 Ambon 64 2 3.1 PRNT [50]

1969–1970 Papua 243 45 18.5 PRNT [50]

Median (Non-outbreak) 1969–2005 Indonesia 14.1 (0.0–43.9) Present study

Outbreak and febrile 2015 Bali 8 0 0.0 IgG [79]

2002–2003 North Sulawesi 222 18 8.1 IgG [56]

2002 Bekasi 93 68 73.1 IgG [56]

2001 Bogor 86 58 67.4 IgG [56]

1998–1999 Yogyakarta 61 43 70.4 IgG [55]

Outbreak and non-febrile 2002 Bekasi 145 65 44.8 IgG [56]

2001 Bogor 70 35 50.0 IgG [56]

1998–1999 Yogyakarta 76 34 44.5 IgG [55]

Median (Outbreak) 1998–2015 Indonesia 47.4 (0.0–73.1) Present study

Median (Total) 1969–2015 Indonesia 18.5 (0.0–73.1) Present study

HI Haemagglutination inhibition assay, IgG Immunoglobulin G, PRNT Plaque reduction neutralization tests
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Table 4 Chikungunya virus genotypes circulating in Indonesia

Year Location Setting Number of sequences Genotype (n) Accession number (GenBank) Reference

2015 Jambi Non-outbreak 8 Asian KX097981-KX097988 [86]

2016 Bali Outbreak 6 Asian KY885022-KY885027 [79]

2013 Indonesia Exported case 1 Asian KF872195 [85]

2012 Bali Exported case 1 Asian KM673291 [104]

2011 Various places Outbreak 28 ECSA (2), Asian (26) KJ729829-KJ729856 [13]

2011 Surabaya Ae. aegypti male 2 Asian AB678689-AB678690 [84]

2010–2011 Surabaya Non-outbreak 17 Asian AB678691-AB678695
AB678678-AB678688

[84]

2010 Indonesia Exported case 1 ECSA KC862329 [103]

2009 Indonesia Exported case 1 Asian FR846307 [99]

2007-2014a Indonesia Exported case 29 ECSA (6), Asian (23) KU561427-KU561432 and KU561436-KU561458 [23]

2008 Indonesia Exported case 2 ECSA (1), Asian (1) FJ445483, FJ445472 [20]

2007 Indonesia Exported case 1 Asian EU192143 [83]

2007–2008 Indonesia Exported case 7 Asian FJ807897, FJ807886-FJ807891 [101]

2007b Bandung Non-outbreak 3 Asian KT175539-KT175541 [82]

2000–2008 Bandung Non-outbreak 20 Asian KC879559-KC879578 [95]

1985 Indonesia Unknown 1 Asian HM045797 [77]

1985 Ambon Unknown 1 Asian AF192894 [109]

1983 Indonesia Unknown 1 Asian HM045791 [77]

ECSA East-Central South African gebnotype
a ECSA genotype was isolated during 2009–2010 only
b Sequences are part of non-structural gene

Fig. 4 Phylogenetic tree of 127 Indonesian Chikungunya viruses and 1589 reference sequences from GenBank. The phylogenetic tree was generated
using the maximum likelihood (ML) method available in the Randomized Axelerated Maximum Likelihood (RAxML) program with General Time
Reversible and gamma substitution model (GTR + Γ). The tree shows the position of ten viruses of East/Central/South African (ECSA) genotype and 120
of Asian genotype from Indonesia relative to other viruses isolated worldwide
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studies published from 2013 onwards reported that the
percentage of asymptomatic chikungunya was more than
30% [25].
Our systematic review indicates that the median

seroprevalence of CHIKV-specific IgG antibodies was
18.5% (range 0.0–73.1%) among the total population in
all settings. However, from an epidemiological perspec-
tive, data from non-febrile subjects collected in a
non-outbreak setting is the best representation of the
true seroprevalence of CHIKV infection. The median
seroprevalence of anti-CHIKV IgG in this population
was 12.7% (range 0.0–26.8%) in Indonesia. This figure is

higher than the estimated seroprevalence of anti-CHIKV
IgG antibodies in Malaysian adults, which is at 5.9%
[115]. As predicted, the median seroprevalence of IgG
antibodies among healthy residents living in post-outbreak
areas is much higher (approximately three times higher)
compared to healthy residents in non-outbreak areas
(median 44.8%, range 55.5–50.5% vs. median 12.7%, range
0.0–26.8%). This finding is comparable with other out-
break investigations, including 20.0% in Brazil (2016)
[116], 26.8% in Thailand (2014) [117], 37.2% in Mayotte,
Indian Ocean (2006) [118] and 67.9% in India (2007)
[119]. The variability between these estimates is

Fig. 5 The maximum clade credibility (MCC) tree of Indonesian Chikungunya virus. The tree was generated using the Bayesian Markov chain
Monte Carlo (MCMC) method as implemented in BEAST using General Time Reversible (GTR) evolution model from E1 sequences. In the analysis,
127 Indonesian chikungunya viruses and 53 representative reference sequences from GenBank were included. All Indonesian Chikungunya
viruses, isolated locally (red front) or isolated in neighboring countries (blue front) are grouped into Asian and East/Central/South African
(ECSA) genotype
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influenced by several factors such as serum collection time
relative to outbreak, criteria of sample selection (whether
asymptomatic residents during the outbreak are included
or excluded) and the location of the serosurvey relative to
the epicentrum of outbreak.
Surprisingly, no chikungunya-associated deaths have

been recorded in Indonesia since this disease was offi-
cially recognized by MoH of Indonesia in 1973 [48].
Since 2004, chikungunya has been included in the
National Diseases Surveillance run by the MoH and has
been reported in the Annual Report of Indonesia Health
Profile, the formal annual report from MoH of
Indonesia, since 2005 [48]. Although a substantial
incidence rate has been reported, no deaths have been
recorded since then. In the National Guideline of Pre-
vention and Control of Chikungunya from MoH [68],
there is no clear criteria for assessing or reporting
chikungunya-related deaths that should be included in
the surveillance system. Unsurprisingly, this lack of

guidance has led to no reported deaths from chikun-
gunya in Indonesia; and this number is probably due to
underreporting of fatal chikungunya cases within the
current passive surveillance system. In fact several stud-
ies in India [120, 121], Mauritius [12] and Brazil [122,
123] during ECSA genotype outbreaks and in Dominican
Republic [124] during an Asian genotype outbreak re-
vealed an increase in the mortality rate, with deaths not
adequately identified by passive surveillance systems. In
addition, those studies revealed an increase of excess
mortality [12, 120, 122–124] indicating that the actual
proportion of chikungunya-associated deaths is underes-
timated in many settings. In Indonesia, during the
2008–2009 chikungunya outbreaks, there were 137,655
chikungunya cases officially reported to MoH, with no
reported death. In addition, given the fact that the
illnesses caused by CHIKV and DENV are clinically in-
distinguishable and not all reported dengue cases in
Indonesia are confirmed by laboratory testing, leads to

Table 5 Exported chikungunya cases originating from Indonesia

Year(s) Country of reporting Number of cases Diagnosis method Genotype (n) Reference

2013–2014 Australia 47 IgM, IgG, RT-PCR and isolation Unknown [89]

2013 Russia 1 RT-PCR, isolation and sequencing Asian (1) [85]

2013 New Caledonia 1 RT-PCR and sequencing Asian (1) [102]

2012–2014 Taiwan 23 RT-PCR, isolation and sequencing Asian (15) and unidentified (8) [23]

2012–2013 Australia 34 IgM, IgG, RT-PCR and isolation Unknown [88]

2012 Germany 1 Isolation and sequencing Asian (1) [104]

2011–2012 Australia 2 IgM, IgG, RT-PCR and isolation Unknown [87]

2010–2011 Australia 32 IgM, IgG, RT-PCR and isolation Unknown [106]

2011 New Caledonia 2 Serology Unknown [98]

2010 Brazil 1 IgM and IgG Unknown [94]

2010 Brazil 1 IgM and HI test Unknown [97]

2010 Japan 1 IgM and RT-PCR Unknown [90]

2010 Netherlands 1 Isolation and sequencing ECSA (1) [103]

2009–2010 South Korea 3 IgM Unknown [92]

2009–2010 Australia 7 IgM, IgG, RT-PCR and isolation Unknown [105]

2009–2010 Taiwan 16 RT-PCR, isolation and sequencing Asian (8), ECSA (6) and unidentified (2) [23]

2009 Japan 3 IgM and PRNT Unknown [91]

2009 France 1 IgM, RT-PCR and sequencing Asian (1) [99]

2008–2009 Australia 2 IgM, IgG, RT-PCR and isolation Unknown [108]

2009 Singapore 3 IgM, RT-PCR and sequencing Asian (1), ECSA (1) [20]

2007 Australia 3 IgM, IgG and RT-PCR Unknown [107]

2007 Taiwan 1 RT-PCR, isolation and sequencing Asian (1) [83]

2006–2009 Taiwan 7 RT-PCR, isolation and sequencing Asian (7) [101]

2006 Europe 1 IgM, IgG or RT-PCR Unknown [93]

1989 Australia 1 IgM, IgG and isolation Unknown [100]

ECSA East/Central/South African genotype, HI Haemagglutination inhibition, IgG Immunoglobulin G, IgM Immunoglobulin M, PRNT Plaque reduction neutralizing
test, RT-PCR Reverse transcription polymerase chain reaction
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the possibility that deaths occur due to chikungunya
which may be wrongly attributed to dengue as a conse-
quence of the prioritization of dengue surveillance.
Chikungunya has been included in the Annual Report of
Indonesia Health Profile since 2005 [48, 56–65], but was
excluded in the 2016 MoH Annual Report [125]. In the
2017 Annual Report, only 126 chikungunya cases were
reported to MoH, which dropped from 1702 cases that
were reported in 2016 [126]. These points reflect that
chikungunya is not a priority disease in Indonesia and
that there is poor chikungunya surveillance and an in-
sufficient reporting system in Indonesia. If fact, in some
studies, higher fatality rate for chikungunya was reported
compared to dengue [122, 127, 128]. Therefore, the
MoH should provide clear criteria for chikungunya-
associated death in the national guidelines and institute
a clear reporting system. In addition, in outbreaks, active
surveillance might be required to reduce underreporting
of chikungunya deaths in the country.
To date, two genotypes of CHIKV have been isolated

in Indonesia (Asian and ECSA). Viruses of the West
African genotype have not yet been isolated from
Indonesia. Viruses of the Asian genotype were first
isolated in Indonesia 35 years ago [76]. The ECSA
genotype however was identified for the first time in
2008 [20, 100] and at the same time this genotype
caused several major outbreaks in Southeast Asia coun-
tries [16, 100, 129]. This suggests that chikungunya out-
breaks that occurred prior to 2008 in Indonesia were
associated with viruses of the Asian genotype.
A phylogenetic analysis revealed that the ECSA viruses

sampled from Indonesia during 2008–2011 are closely
related with viruses that caused contemporaneous out-
breaks in Southeast and East Asian countries, such as
Malaysia (2008–2009) [129], Singapore (2008) [19, 20],
Thailand (2008–2009) [16–18], and China (2010) [130].
This suggests that the viruses in Indonesia may have
been introduced from another country in Southeast
Asia, most likely Malaysia [13]. In 2008, a nationwide
chikungunya outbreak occurred in Malaysia, which was
found to be caused by viruses of the ECSA genotype
[129]. In the same year ECSA viruses were also reported
in Indonesia [20, 100] and continued to be sampled until
2011 [23]. Furthermore, our phylogenetic analysis re-
vealed that the ECSA viruses that circulated in Southeast
Asia, including Indonesia, were introduced from India
and Sri Lanka, where CHIKV circulated in 2005–2007
and infected more than 1.3 million persons during
2005–2006 in India alone [14].
Our data, together with other evidence, suggest that

the introduction of the ECSA genotype to Indonesia
may be the reason for the large chikungunya outbreak
reported between 2009 and 2010 in the country (Fig. 2).
First, the Asian genotype had been the dominant

genotype of Indonesia and had circulated for several de-
cades. However, the annual number of cases never
exceeded more than 10,000 cases prior to 2009. Second,
the ECSA was first reported in Indonesia in 2008, and
had not been isolated in the multiple studies of Indones-
ian CHIKV (conducted both locally and in neighboring
countries) prior to this time [81, 82, 94, 100]. This
evidence indicates a time relationship between the intro-
duction of the ECSA genotype into Indonesia and a
sharp increase of reported chikungunya cases. Third,
within the same time-frame, nationwide outbreaks of
chikungunya associated with viruses of the ECSA geno-
type occurred in Malaysia [129], Singapore [19] and
Thailand [16]. The ECSA viruses isolated from these
outbreaks are all closely related, indicating that these
outbreaks were probably caused by the same type of
virus that then dispersed throughout the region and
likely into Indonesia as well (Fig. 5). Other scientific
evidence also supports this finding of chikungunya
outbreaks in Southeast Asian countries during that
time-frame being driven by the emergence of the same
strain of ECSA [131]. In addition, MoH data reveal that
the highest number of CHIKV cases in 2009 were
reported in Bangka Belitung and provinces in Sumatera
Island (Jambi, South Sumatera, Lampung, Bengkulu,
North Sumatera and Aceh) [62]. These provinces are in
close geographical proximity to Malaysia and Singapore
(Fig. 3). Finally, evolutionally analysis reveals that ECSA
viruses isolated from Indonesia are closely related to
those viruses associated with massive outbreaks in
Malaysia, Singapore and Thailand (Fig. 5). This possibil-
ity is also supported by the fact that ECSA is more
adaptive to Ae. albopictus due to a mutation in the enve-
lope protein gene (E1-A226V) [132]. This mutation as-
sociated with a significant increase in viral infectivity for
Ae. albopictus, and led to more efficient viral dissemin-
ation [132]. In the area where both Ae. aegypti and Ae.
albopictus are endemic, like Indonesia, introduction of
ECSA viruses could cause a massive outbreak. This evi-
dence, in aggregate, suggests that the massive outbreaks
in Indonesia during 2009 and 2010 were caused by the
introduction of the ECSA genotype to the country.
There are some limitations of this study that should be

discussed. First, full-texts of some potential references
that assess the seroprevalence of the anti-CHIKV anti-
bodies were not available, especially those published
prior to 1985 [133–142]. Second, in the seroprevalence
section of this paper, we included a study that utilized
the HI test as a diagnostic method [50]. This test is quite
sensitive for detecting alphavirus antibodies; however,
cross-reactions often occur among the viruses of the
same group. Nevertheless, a great majority of sera from
this study reacted with only one of the alphaviruses by
the HI test and therefore the results from that study
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were valid. Third, the collection time of the sera, relative
to time of infection, among studies were not the same.
This might influence the percentage of samples that
were positive for IgM and IgG among studies. For ex-
ample, an outbreak investigation in Yogyakarta reported
a significantly lower of seroprevalence of anti-CHIKV
IgM and a higher IgG seroprevalence compared to other
studies, as the investigation was conducted after the
resolution of the outbreak [54]. Fourth, in Indonesia the
absence of serological surveillance means that the pre-
cise numbers of chikungunya cases reported to the MoH
during outbreaks are often diagnosed clinically only.
Fifth, some of the known CHIKV of the Asian genotype,
that have been isolated previously, were not available in
GenBank [101]. Finally, some CHIKV sequences origin-
ating from Indonesia may have been reported as deriving
from elsewhere, if a returning traveller had an incom-
plete or inaccurate travel history. Studies may have failed
to report Indonesia as the country of origin of isolated
viruses, and instead, reported the country in which the
virus was isolated as the origin [20]. Despite these limi-
tations, this study is, to the best of our knowledge, the
first systematic review on CHIKV infection in Indonesia.
Strengths also include a search strategy that avoided
missing potential references and Indonesian CHIKV
sequences. In addition, this study is also able to provide
the incidence rate of chikungunya for a 16-year period
using the National Diseases Surveillance database from
the MoH.

Conclusion
Evidence suggests that CHIKV has circulated in most of
the Indonesian archipelago for at least 50 years, despite
the first virologically confirmed outbreak being recorded
as recently as 1982. Although anti-CHIKV IgM and IgG
seroprevalence is high and two massive nationwide
outbreaks have been recorded in Indonesia, no deaths
have been reported. The lack of reported deaths possibly
reflects under-reporting of fatal cases in the country
using the current surveillance system. Data from both
locals and travelers revealed that the Asian genotype has
been identified in Indonesia for more than 30 years,
while viruses of the ECSA genotype were sampled only
during the 2008–2011 period. A phylogenetic analysis
reveals that the ECSA viruses sampled in Indonesia dur-
ing this period are closely related to viruses that have
circulated in neighboring Southeast Asian countries, as
well as China and South Korea, within the same time-
frame. It is likely that ECSA viruses were introduced to
Indonesia from a neighboring country within the region,
in 2008. Spatio-temporal, phylogenetic and evolutionary
data suggest that this genotype was likely associated with
the large 2009–2010 chikungunya outbreak in Indonesia.
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Abstract

Background: The Indonesian region of Aceh was the area most severely affected by the earthquake and tsunami
of 26 December 2004. Department of Health data reveal an upward trend of dengue cases in Aceh since the
events of the tsunami. Despite the increasing incidence of dengue in the region, there is limited understanding of
dengue among the general population of Aceh. The aim of this study was to assess the knowledge, attitude, and
practice (KAP) regarding dengue among the people of Aceh, Indonesia in order to design intervention strategies
for an effective dengue prevention program.

Methods: A community-based cross-sectional study was conducted in Aceh between November 2014 and March 2015
with a total of 609 participants living in seven regencies and two municipalities. Information on the socio-demographic
characteristics of participants and their KAP regarding dengue was collected using a pre-tested structured questionnaire.
The KAP status (good vs. poor) of participants with different socio-demographic characteristics was compared using Chi
Square-test, ANOVA or Fisher’s exact test as appropriate. Logistic regression analysis was used to determine the predictors
of each KAP domain.

Results: We found that 45% of participants had good knowledge regarding dengue and only 32% had good attitudes
and good dengue preventive practices. There was a significant positive correlation between knowledge and attitudes,
knowledge and practice, and attitudes and practice. In addition, people who had good knowledge were 2.7 times more
likely to have good attitudes, and people who had good attitudes were 2.2 times more likely to have good practices
regarding dengue. The level of education, occupation, marital status, monthly income, socioeconomic status (SES) and
living in the city were associated with the knowledge level. Occupation, SES, and having experienced dengue fever were
associated with attitudes. Education, occupation, SES and type of residence were associated with preventive practices.

Conclusion: Our study suggests that dengue prevention programs are required to increase KAP levels regarding dengue
in the communities of Aceh.
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Background
Dengue fever (DF), caused by infection with any of the four
dengue virus (DENV) serotypes, has become the most
important mosquito-borne viral disease in humans [1].
Dengue fever is associated with significant morbidity,
mortality, and economic cost, particularly in developing
countries [2]. Since DF was first documented in Indonesia’s
capital Jakarta in 1968, it has become prevalent in all prov-
inces of the country and is now a major public health prob-
lem [3]. Nearly 60% of the Indonesian population (240
million) live in areas where DENV is known to be circulat-
ing. In 2016 there were 201,885 notified cases of DENV
infections (77.96 per 100,000 population) and 1585 deaths
due to DF [4].
Aceh, located at the northern end of Indonesia’s Sumatra

Island, was the most severely affected area by the earth-
quake and tsunami disaster of 26 December 2004. In 2005,
the WHO warned of an increased DF risk in tsunami-
affected areas [5]. Reports issued between 2003 and 2011
showed an upward trend of reported DF cases in Aceh [6].
In 2003, before the earthquake and tsunami, the incidence
of DF was 2.76 per 100,000. It increased significantly to
35.36 per 100,000 in 2009, and again to 56.40 per 100.000
in 2011 [6]. Recently, in 2016, a total of 2651 DF cases were
reported in Aceh (52.02 per 100,000 population) [4].
Dengue prevention and control programme has been

placed in national scale by Ministry of Health of Indonesia
through Directorate General for Communicable Diseases
Control since 1968 with the main objective is to prevent
and reduce dengue morbidity and mortality at family and
community levels [7]. In 1970s, Indonesia started to imple-
ment the peri-focal spraying strategy and health education
in a limited area and in 1980, in addition to peri-focal
spraying, mass larviciding was adopted [7]. In 1992, orga-
nized community efforts were conducted at the village level
through the Dengue Hemorrhagic Fever Working Group.
This group included one member from Women Empower-
ment Welfare Group. In the same year, a series of law and
legislations of Dengue Prevention and Control Programme
were issued. Since 2000, the strategy of dengue control
programme has been focused on community participation
in source reduction of breeding places [7].
Despite the increasing incidence of DF in Aceh there has

been no study to assess the knowledge, attitude and prac-
tice (KAP) of Aceh communities regarding DENV trans-
mission and its prevention. Therefore, the aim of the
present study was to assess and compare the KAP among
community groups in Aceh, in order to design intervention
strategies for an effective dengue prevention program.

Methods
Study design and setting
A cross-sectional study was conducted in the province
of Aceh, which is located in the westernmost region of

the Indonesian archipelago and has a surface area of
57,956 km2. In 2014, Aceh had a total population of
4,791,924 in 18 regencies and 5 municipalities [8]. This
study included localities in the southwestern (from 0 to
25 m above sea level), central (~ 1200 m above sea level)
and northern (25 to 100 m above sea level) regions of
Aceh (Fig. 1). The study was conducted in seven regencies
(Aceh Tengah, Aceh Besar, Aceh Utara, Aceh Singkil,
Aceh Timur, Aceh Selatan and Aceh Tamiang) and two
municipalities (Langsa and Sabang) of Aceh. A reliability
test of questionnaires was separately conducted among
populations in two additional regencies (Aceh Barat Daya
and Aceh Pidie Jaya) (Fig. 1). Data were collected from
November 2014 to March 2015. The design, setting,
analyses and reporting of this study adhered to the
STROBE guidelines for cross-sectional studies in epidemi-
ology (see Additional file 1 for the detailed checklist of
STROBE criteria [9]).

Sampling and sample size
So far no data related to the KAP towards dengue in
Aceh have been available. Therefore, to calculate a
representative sample size for the Aceh population
(4,791,924), we assumed that 50% of participants would
have good KAP regarding dengue. With a 5% margin of
error and 95% confidence level, 385 participants were
required to achieve the minimum recommended sample
size. To recruit the samples, seven out of 18 regencies
and two out of five municipalities in Aceh were selected
randomly. The minimum number of participants from
each study site was 45. To minimize study design effect
and to obtain more robust statistical power, a minimum
of 60 participants were required from each study site.
However, for regencies with a high population density, a
higher number of participants was allocated (i.e. add-
itional 10% to 50% number of participants was allocated
compared to the regency with the low population dens-
ity). In addition, two regencies were selected randomly
for the questionnaire reliability test. All inhabitants who
were aged over 16 years, had resided in the specified
regency or municipality for more than 3 months, and
were able to communicate were considered to be eligible
for inclusion as participants of the study.

Study instrument
To facilitate the interviews, a set of validated and pre-
tested questionnaires, consisting questions related to asset
index [10] and KAP regarding DF [11–13] was used.
Before the questionnaire was used in the study, it was
tested for internal consistency among 52 participants in
two regencies. The data from these participants were not
included in the final analysis. A minimum of Cronbach’s
Alpha of 0.7 was considered to reflect acceptable internal
reliability [14].
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Study variables
Explanatory variables
We collected data on the age, education, occupation,
religion, marital status, income, and type of residence of
participants, and whether or not they or family members
had already suffered from DF. The participants were also
asked regarding their source of information on DF. The
asset index from D Filmer and L Pritchett [10] was
adapted to measure and categorize the socioeconomic
status (SES) of participants. This asset index has been
modified for the Indonesian and current contexts [13]. It
measured the ownership of 15 household asset and the
full list of household assets has been published else-
where [15]. The ownership of one asset item was given a

score of one, and its absence a score of zero (i.e. the
minimum and maximum asset score was 0 and 15,
respectively). For each household, the asset index was
constructed as the sum of standardized asset scores
multiplied by their respective factor loadings [13].
Finally, quintiles of the asset index were calculated and
households classified into 1st to 5th quintile wherein the
1st quintile is the poorest and the 5th the least poor.

Response variables
Knowledge regarding DF consisted of two parts, namely
knowledge about symptoms and signs of DF, and know-
ledge about DENV transmission. A total of 28 questions
adapted from previous studies were used to measure this

Fig. 1 Study areas (green) and areas of questionnaire pre-testing (yellow) in Aceh province, Indonesia
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domain [11, 12]. Possible responses to all of the ques-
tions were “yes” or “no”; there was no “do not know”
option. A correct response was given a score of one,
whereas an incorrect response was given a score of zero.
Participant knowledge was calculated as the total sum of
correct responses so that higher scores indicated better
knowledge about DF. Attitude towards DF was mea-
sured using a set of 15 questions adapted from previous
studies [11–13]. Participants were asked to respond to
the questions on a five-point Likert-like scale as follows:
1 = Strongly disagree; 2 = Somewhat disagree; 3 = Neither
agree nor disagree; 4 = Somewhat agree; and 5 = Strongly
agree. A high score was given when the statement and
the alternative answer defined positive attitudes. The
attitude score was computed as the sum of participant
responses. Preventive measures against DENV infection
was measured using 16 questions adopted from previous
studies [11, 12]. This domain included measures such as
preventing mosquito-man contact and eliminating mos-
quito breeding place. Each correct response was given a
score of one, whereas an incorrect response was given a
score of zero. Hence, higher scores indicate better pre-
ventive practice.

Interview and data collection
To collect the interested information from inhabitants,
face-to-face interviews were conducted in Bahasa Indonesia
by data collection team. All member of data collection team
were medical doctors and a brief training was provided
prior to actual study. To avoid the bias, the correct answers
to the survey questions were not provided. Prior to inter-
view, an overview of the study aims, risks and benefits was
given and explained to potential participants. Those who
agreed to participate were asked to sign an informed
consent form. Each informed consent form and its match-
ing questionnaire was assigned a three-digit identifier. The
latter was used in all analyses. Once informed consent was
obtained, the interviewers conducted a structured interview
assisted by a validated questionnaire. Participation in this
study was voluntary and no incentive was given to the
participants. Participants could stop and leave the study at
any time during the interview.

Statistical analysis
The KAP assessment was executed using a scoring system.
Scores for each question within a domain were summed up
to arrive at a single value out of a total score of 28, 75 and
16 for the respective KAP domains. Participants’ KAP levels
were defined as “good” or “poor” based on an 80% cut-off
point [11]. To determine the role of socio-demographic
characteristics on KAP, differences in socio-demographic
status were compared with the KAP levels (good and poor)
using the Chi Square-Test, ANOVA or Fisher’s exact
test as appropriate. Logistic regression analysis was

used to determine the predictors of each KAP domain.
In the univariate logistic regression, all explanatory var-
iables were included. Levels of KAP, “good” vs. “poor”,
were used as the outcome variables in the logistic
regressions. In the next step, significant explanatory
factors from univariate analysis (p ≤ 0.25) were entered
into the multivariate analysis. Confounding factors were
explored by comparing the difference between the
adjusted odds ratio (aOR) in multivariate analyses and
the crude odds ratio (OR) in univariate analyses, of a
particular predictor variable on the KAP domain.
The correlation values among KAP scores and be-

tween KAP score and asset index were calculated using
Spearman’s rank correlation (rs). This correlation was
chosen because the KAP scores were not normally
distributed as revealed by the Kolmogorov–Smirnov test.
In order to calculate confidence intervals for Spearman’s
rank correlation, the procedure by DG Bonett and TA
Wright [16] was followed. All analyses were performed
using Statistical Package for the Social Sciences software
(SPSS for Windows, Version 15, Chicago, IL).

Results
Questionnaire validity test
The internal consistency of the questionnaire was con-
firmed using 52 interviews with participants from two
different study sites (Aceh Barat Daya and Aceh Pidie
Jaya) that have socio-demographic backgrounds similar
to the main study participants. The Cronbach’s Alpha
coefficient of KAP domain was 0.704, 0.962 and 0.720,
respectively. Details of questions used to assess the KAP
domain and the distribution of correct responses among
participants are presented in Additional files 2, 3 and 4,
respectively.

Study population characteristics
The data presented in this study was a part of Aceh Dengue
Study and the characteristics of the research participants, in
part, have been described elsewhere [15, 17–20]. Briefly, for
this specific study, 677 healthy community members were
surveyed and 68 (10.0%) participants were excluded from
the analysis due to missing information. A total of 609
inhabitants, who provided data for all sections of question-
naire, were included in the final analysis (Table 1). Of the
total participants, 70.3% were female and more than half
(54.0%) were 17–29 years old. More than half of partici-
pants (51.4%) had diploma a certificate or a university
degree. The majority (68.1%) were living in suburban areas
with more than half (51.4%) of them earned less than 1
million Indonesian Rupiah (approximately US$ 81) per
month. Although less than one-tenth of the participants in-
cluded in this study reported having had an episode of DF,
22.2% of the participants declared had family member(s)
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Table 1 Characteristics of study participants (n = 609)

Variable n (%) Mean score

Knowledge (SD) Attitude (SD) Practice (SD)

Regency

Aceh Tengah 66 (10.8) 17.5 (4.89) 56.6 (6.41) 10.6 (3.61)

Langsa 74 (12.2) 19.2 (3.57) 28.1 (4.90) 10.9 (2.79)

Aceh Besar 90 (14.8) 21.3 (2.61) 61.8 (5.67) 12.1 (2.64)

Aceh Utara 60 (9.9) 21.5 (2.90) 61.3 (8.49) 12.0 (3.22)

Aceh Singkil 57 (9.4) 21.2 (3.16) 61.8 (5.89) 12.4 (2.48)

Sabang 60 (9.9) 23.0 (2.46) 62.2 (7.55) 12.7 (2.33)

Aceh Timur 60 (9.9) 22.7 (3.83) 63.6 (6.87) 12.5 (2.74)

Aceh Selatan 82 (13.5) 20.1 (3.47) 54.3 (10.53) 11.9 (2.84)

Aceh Tamiang 60 (9.9) 21.5 (3.94) 57.5 (11.66) 12.0 (2.60)

Age group (years)

17–29 329 (54.0) 21.2 (3.5) 55.2 (14.14) 11.9 (2.89)

30–44 206 (33.8) 20.6 (4.3) 57.3 (12.00) 12.1 (2.94)

45–59 65 (10.7) 19.9 (3.7) 55.7 (12.59) 11.7 (2.67)

60–84 9 (1.5) 19.8 (2.6) 55.0 (13.37) 12.1 (3.62)

Sex

Male 181 (29.7) 20.7 (4.01) 54.6 (13.89) 11.7 (2.90)

Female 428 (70.3) 20.9 (3.72) 56.5 (12.99) 12.0 (2.89)

Education

Illiterate 15 (2.5) 18.5 (4.24) 51.9 (14.60) 9.4 (3.07)

Primary school 27 (4.4) 18.1 (3.92) 52.4 (9.89) 9.9 (3.27)

Junior high school 35 (5.7) 17.1 (4.48) 48.5 (13.23) 10.1 (3.37)

Senior high school 219 (36.0) 20.3 (3.57) 54.8 (13.60) 11.7 (2.82)

Diploma 138 (22.7) 21.6 (3.25) 56.8 (13.42) 12.6 (2.82)

Graduated 175 (28.7) 22.4 (3.34) 58.9 (12.30) 12.6 (2.39)

Occupation

Farmer 157 (25.8) 21.9 (3.44) 57.7 (13.44) 12.6 (2.18)

Civil servant 94 (15.4) 21.9 (3.40) 56.5 (14.02) 13.1 (2.46)

Private employee 121 (19.9) 20.3 (3.76) 55.6 (12.96) 12.0 (2.94)

Entrepreneur 87 (14.3) 17.7 (4.06) 55.2 (9.33) 10.1 (3.34)

Student/University student 150 (24.6) 21.4 (3.24) 54.4 (14.69) 11.4 (2.92)

Religion

Muslim 601 (98.7) 20.9 (3.81) 56.1 (13.16) 11.9 (2.90)

Other 8 (1.3) 19.4 (4.10) 45.0 (18.22) 11.6 (1.92)

Marital Status

Unmarried 258 (42.4) 21.5 (3.21) 55.2 (14.33) 11.9 (2.93)

Married 333 (54.7) 20.4 (4.20) 56.3 (12.50) 12.0 (2.88)

Widowed 18 (3.0) 21.4 (3.03) 58.2 (11.73) 11.4 (2.70)

Monthly income (IDR)

< 1 million 313 (51.4) 20.3 (3.94) 55.0 (13.76) 11.6 (3.09)

1 – ≤ 2 million 124 (20.4) 20.5 (3.55) 54.6 (13.63) 11.9 (2.85)

2 – ≤ 3 million 96 (15.8) 21.9 (3.38) 57.7 (12.64) 12.1 (2.71)

> 3 million 76 (12.5) 22.4 (3.53) 59.5 (10.56) 13.1 (1.89)
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who had suffered from DF. This indicates a high prevalence
of DF in Aceh.

Knowledge about signs and symptoms of dengue fever
and transmission of dengue virus
A statistically significant difference in the mean know-
ledge score was identified between regencies (P < 0.001).
The highest mean knowledge score was achieved in
Sabang and the lowest in Aceh Tengah (Table 1). Out of
total participants, 280 of them (45.9%) had a good know-
ledge level. Factors associated with good knowledge were
high education level, working as a civil servant, unmar-
ried status, high monthly income, high SES and living in
the city (P < 0.05). Age group, sex and religion had no
association with participants’ knowledge (Table 2).
Our study identified increased odds of having good

knowledge if the participants had a diploma certificate or
graduated from university compared to participants who
were illiterate (Table 2). Higher monthly income and
higher SES were also significantly associated with good
knowledge (P ≤ 0.001). In addition, participants living in
the cities were approximately twice as likely to have good
knowledge compared to participants living in the suburbs.
Interestingly, having personally experienced DF, or having
a family member with a history of DF, was not associated
with an increase in the participants’ knowledge.
After excluding insignificant predictor factors (P > 0.25)

from the analysis, the multivariate model revealed that SES
was the only independent predictor factor of knowledge
regarding DF (Table 2). In the final model, there was in-
creased odds of having good knowledge among participants

who were classified in the richest quintile, compared to the
poorest (1st quintile) with OR: 2.13 with 95% confidence
interval (95% CI): 1.10–4.11 (Table 2).

Attitudes regarding dengue fever
The average score of attitude regarding DF significantly
differed among regencies (P < 0.001). The highest mean
score of the attitude was obtained in Aceh Timur and the
lowest in Langsa, 63.6 and 28.1, respectively (Table 1).
Although more than 45% of the participants had good
knowledge, only 32.1% (196 participants) had a good atti-
tude regarding DF, and this was associated with education,
occupation, SES and a personal history of DF (Table 3). As
expected, having personally experienced DF was associated
with approximately two times greater odds of having good
attitude compared to participants who had not. In the final
model, none of explanatory variable was associated with
attitude towards DF (Table 3).

Dengue fever prevention practices
In this study, 32.0% (195) of the participants had good DF
prevention practices, a proportion similar to that of partici-
pants who had good attitude regarding DF. Factors corre-
lated with prevention practice were education, occupation,
SES and type of residence (Table 4). Participants who had a
diploma degree or graduated from university were nine
times more likely to have good DF prevention practice
compared to those who were illiterate. In addition, partici-
pants who worked as civil servants, were employed in the
private sector, were entrepreneurs or students also had
higher odds of having good practice compared to farmers.

Table 1 Characteristics of study participants (n = 609) (Continued)

Variable n (%) Mean score

Knowledge (SD) Attitude (SD) Practice (SD)

Type of residence

City 194 (31.9) 21.8 (3.24) 55.9 (14.75) 12.3 (2.64)

Suburb 415 (68.1) 20.4 (4.99) 55.9 (12.55) 11.7 (2.99)

Family member(s) suffered from dengue fever

Yes 135 (22.2) 21.0 (3.34) 54.3 (15.43) 12.1 (2.71)

No 474 (77.8) 20.8 (3.94) 56.4 (12.58) 11.9 (2.94)

Personally experienced dengue fever

Yes 56 (9.2) 21.6 (3.52) 54.9 (16.18) 11.8 (3.11)

No 553 (90.8) 20.8 (3.83) 56.0 (12.96) 11.9 (2.87)

Socioeconomic status

Poorest quintile 122 (20.0) 18.9 (4.22) 56.8 (11.95) 10.8 (3.37)

2nd 123 (20.2) 20.8 (4.03) 55.5 (13.70) 11.6 (2.85)

3rd 122 (20.0) 20.5 (3.29) 55.5 (14.15) 11.7 (2.80)

4th 121 (19.9) 21.2 (3.48) 55.8 (14.38) 12.2 (2.54)

Richest quintile 121 (19.9) 22.7 (3.26) 60.0 (11.17) 13.0 (2.31)

IDR Indonesian rupiah, SD standard deviation
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Table 2 Univariate and multiple logistic regression analysis showing predictors of knowledge levels (good vs. poor) (n = 609)

Independent variable Univariate Multivariate

OR (95% CI) P-value aOR (95% CI) P–value

Regency < 0.001 – –

Aceh Besar 1

Aceh Tengah 0.26 (0.12–0.55)

Langsa 0.35 (0.17–0.68)

Aceh Utara 1.16 (0.60–2.24)

Aceh Singkil 1.13 (0.58–2.19)

Sabang 4.86 (2.24–10.55)

Aceh Timur 2.18 (1.11–4.30)

Aceh Selatan 0.45 (0.24–0.85)

Aceh Tamiang 1.33 (0.69–2.57)

Age group (years) 0.159 0.639

17–29 1 1

30–44 0.85 (0.60–1.21) 0.97 (0.55–1.70)

45–59 0.61 (0.35–1.05) 0.65 (0.28–1.51)

60–84 0.29 (0.06–1.45) 0.48 (0.07–3.09)

Sex 0.144 0.215

Male 1 1

Female 1.29 (0.91–1.84) 1.29 (0.86–1.94)

Education < 0.001 0.002

Illiterate 1 1

Primary school 1.85 (0.32–10.61) 1.80 (0.28–11.57)

Junior high school 1.08 (0.18–6.32) 0.66 (0.10–4.41)

Senior high school 3.52 (0.77–16.02) 1.44 (0.27–7.67)

Diploma 6.88 (1.49–31.67) 2.34 (0.42–12.78)

Graduated 13.81 (3.01–63.29) 3.95 (0.72–21.63)

Occupation < 0.001 0.155

Farmer 1 1

Civil servant 8.84 (4.45–17.58) 1.40 (0.75–2.9

Private employee 8.81 (4.22–18.37) 1.06 (0.57–1.99)

Entrepreneur 4.25 (2.09–8.64) 0.47 (0.63–1.19)

Student/University student 5.76 (2.89–11.48) 1.39 (0.10–3.04)

Religion 0.248 0.585

Muslim 1 1

Other 0.38 (0.07–1.93) 0.612 (0.10–3.57)

Marital status 0.045 0.856

Unmarried 1 1

Married 0.67 (0.48–0.93) 0.96 (0.55–1.66)

Widowed 1.19 (0.45–3.12) 1.75 (0.50–6.14)

Monthly income (IDR) < 0.001 0.073

< 1 million 1 1

1 – ≤ 2 million 0.85 (0.55–1.31) 0.89 (0.53–1.50)

2 – ≤ 3 million 2.39 (1.50–3.83) 1.74 (0.92–3.28)
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Interestingly, there was no association between monthly
income and preventive practice, although SES was signifi-
cantly associated with prevention practice in a dose-
dependent manner. Compared to the poorest SES, the
odds of having a good DF prevention practices increased
from 1.16 times for the second SES quintile, 1.41 times for
the third SES quintile, 1.38 times for the fourth SES quin-
tile to 2.68 times for the richest SES quintile (Table 4). In
addition, as expected, participants living in the cities had
better preventive practice compared to their counterparts
in the suburbs (Table 4). In the multivariate analysis,
increased odds of having good DF prevention practice was
identified among participants from the 5th quintile com-
pared to the poorest group (1st quintile) with OR: 2.68
(95% CI: 1.40–5.12) (Table 4).

Correlation between knowledge, attitude, practice and
socioeconomic status
There was a significant positive correlation between asset
score (socioeconomic status) and KAP scores (Table 5).
The significant correlations between KAP scores and asset
score indicated that knowledge, attitude and practice re-
garding DF increased with increasing SES.
There was also a significant positive correlation be-

tween knowledge-attitude, knowledge-practice and attitude-
practice with the strongest correlation identified for
knowledge-attitude. To validate these results, further ana-
lysis was conducted using KAP scores that had been classi-
fied as “good” and “poor” based on a cut-off point of 80%.

Our analysis showed that participants who had good know-
ledge were 2.5 times more likely to have a good attitude
regarding DF (OR: 2.66, 95% CI: 1.87–3.77). However, there
was no strong association between good knowledge and
good practice (OR: 1.41; 95% CI: 1.00–1.98). As predicted,
there was a strong association between good attitude and
good DF preventive practice (OR: 2.18; 95% CI: 1.52–3.11).

Sources of information on dengue fever
In this study, television (32.7%), health care workers
(HCWs) in the Community Health Centre (Puskesmas)
(16.9%), internet (13.0%) and HCWs in the hospital
(12.3%) were the major sources of information on DF
among participants (Fig. 2). Only 1% of the participants
received information on DF from the radio. A possible
reason is that few of the participants owned a radio. This
indicates that radio transmission may not be an import-
ant source of information in Aceh.
Interestingly, there was a significant difference regarding

the source of information on DF between participants
who did, or did not, have family member(s) who had
suffered from DF (P ≤ 0.001). Although the most promin-
ent source was television in both groups (32.7% vs. 34.4%),
19.0% of the participants without any history of DF in
their family had received information on DF from HCWs
in Puskesmas compared to 12.6% of those whose family
members had suffered from DF. In addition, internet was
a source of information on DF among 19.3% of those
participants whose family members had suffered from DF

Table 2 Univariate and multiple logistic regression analysis showing predictors of knowledge levels (good vs. poor) (n = 609)
(Continued)

Independent variable Univariate Multivariate

OR (95% CI) P-value aOR (95% CI) P–value

> 3 million 3.06 (1.80–5.20) 2.14 (1.03–4.41)

Socioeconomic status < 0.001 0.025

Poorest quintile 1 1

2nd 1.62 (0.94–2.77) 0.93 (0.50–1.71)

3rd 2.23 (1.31–3.80) 1.72 (0.95–3.12)

4th 2.63 (1.54–4.48) 1.39 (0.75–2.58)

Richest quintile 5.24 (3.03–9.06) 2.13 (1.10–4.11)

Type of residence < 0.001 0.610

City 1 1

Suburb 0.51 (0.36–0.72) 0.76 (0.40–1.43)

Family member(s) suffered from dengue fever 0.989

Yes 1 – –

No 1.00 (0.68–1.47)

Personally suffered from dengue fever

Yes 1 0.081 1 0.402

No 0.61 (0.35–1.06) 0.75 (0.60–1.42)

aOR Adjusted odds ratio, IDR Indonesian rupiah
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Table 3 Univariate and multiple logistic regression analysis showing predictors of attitude levels (good vs. poor) (n = 609)

Independent variable Univariate Multivariate

OR (95% CI) P–value aOR (95% CI) P–value

Regency < 0.001 – –

Aceh Besar 1

Aceh Tengah 0.30 (0.14–0.64)

Langsa 0.00 (0.00–3.56)

Aceh Utara 1.19 (0.20–2.31)

Aceh Singkil 0.92 (0.47–1.81)

Sabang 1.04 (0.54–2.02)

Aceh Timur 1.78 (0.92–3.46)

Aceh Selatan 0.30 (0.15–0.61)

Aceh Tamiang 0.73 (0.34–1.35)

Age group (years) 0.209 0.406

17–29 1 1

30–44 1.02 (0.70–1.48) 1.32 (0.80–2.17)

45–59 0.59 (0.23–1.11) 0.87 (0.40–1.89)

60–84 0.24 (0.03–2.01) 0.45 (0.05–3.99)

Sex 0.169 0.249

Male 1 1

Female 1.30 (0.89–1.91) 1.27 (0.84–1.91)

Education < 0.001 0.035

Illiterate 1 1

Primary school 0.50 (0.08–2.86) 0.42 (0.07–2.50)

Junior high school 0.51 (0.10–2.65) 0.38 (0.07–2.05)

Senior high school 1.58 (0.43–5.78) 1.16 (0.28–4.74)

Diploma 2.20 (0.59–8.18) 1.62 (0.37–6.93)

Graduated 3.00 (0.81–11.00) 2.06 (0.48–8.69)

Occupation 0.025 0.953

Farmer 1 1

Civil servant 2.67 (1.42–5.02) 1.12 (0.59–2.12)

Private employee 2.63 (1.32–5.55) 1.06 (0.58–1.92)

Entrepreneur 1.80 (0.92–3.52) 0.97 (0.42–2.22)

Student/University student 2.28 (1.20–4.33) 1.29 (0.63–2.62)

Religion 0.258 – –

Muslim 1

Other 0.48 (0.03–2.43)

Marital status 0.658 – –

Unmarried 1

Married 0.86 (0.61–1.22)

Widowed 0.74 (0.25–2.15)

Monthly income (IDR) 0.382 – –

< 1 million 1

1 – ≤ 2 million 1.05 (0.67–1.65)

2 – ≤ 3 million 1.09 (0.67–1.78)

> 3 million 1.58 (0.94–2.65)
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compared to only 11.2% in the group without family
history of DF. Among participants who had personally
experienced DF, more than 20% received information on
DF from the internet and 7.1% from HCWs in Puskesmas.
In contrast, 17.9% of the participants who had never
suffered from DF received this information from HCWs
in Puskesmas and only a tenth of them obtained it from
the internet.

Discussion
This study provides the first description of KAP regarding
DENV transmission and its prevention in Aceh, Indonesia,
where an upward trend in DF incidence has been recorded
in the aftermath of the 2004 earthquake and tsunami.
These findings may contribute to the identification of inter-
vention groups for DF prevention programs and to the
design and development of intervention programs to pro-
tect the health of vulnerable groups in the community.
This study found more than 50% of the participants to

have poor knowledge regarding DF. The lowest average
scores of knowledge regarding DF were obtained in
Aceh Tengah, a regency located in the central region of
Aceh at approximately 1200 m above sea level. The
regency experiences the coolest temperatures in Aceh
and has a very low DF incidence due to the low number
of competent vectors for DF. In 2012 there were no
recorded fatalities due to DF in Aceh Tengah. In con-
trast, the regency of Aceh Timur (mainly lowland) was
among those with the highest knowledge scores; the DF
case fatality rate in this regency was 5.9% in 2012 [21],

indicating that knowledge regarding DF is closely related
to the occurrence and mortality of DF. This finding is
consistent with those of a previous study in Nepal show-
ing that the knowledge regarding DF was lower among
highland community members, as consequence of lower
exposure to the vectors and the diseases, when com-
pared to lowland communities [11].
In univariate analysis, factors associated with good

knowledge regarding DF were higher levels of education,
occupation (civil servants, private sector employees, en-
trepreneurs, students), unmarried status, high monthly
family income, high SES, and living in the city. There
was a robust association between formal education and
knowledge regarding DF in the present study. For
example, a person with a diploma was almost seven
times more likely to have good knowledge compared to
a person who was illiterate. This association increased
significantly, to almost 14 times more likely, among per-
sons who graduated from a university with a degree.
One of the reasons for this may be that school and
university curricula of different countries vary in their
content on DF which in turn may affect the knowledge
level among literate people. In addition, a strong associ-
ation between income and knowledge level was found in
the univariate analysis. However, our multivariate regres-
sion analysis revealed that monthly income and other
factors (education and occupation) were confounding
factors for the SES, and SES was the only strong inde-
pendent predictor for the knowledge domain regarding
DF. One of the possible reasons for the association

Table 3 Univariate and multiple logistic regression analysis showing predictors of attitude levels (good vs. poor) (n = 609)
(Continued)

Independent variable Univariate Multivariate

OR (95% CI) P–value aOR (95% CI) P–value

Socioeconomic status 0.013 0.212

Poorest quintile 1 1

2nd 1.14 (0.63–2.03) 0.80 (0.43–1.50)

3rd 1.48 (0.84–2.61) 1.23 (0.67–2.24)

4th 1.89 (1.08–3.31) 1.39 (0.75–2.60)

Richest quintile 2.33 (1.34–4.05) 1.50 (0.80–2.83)

Type of residence 0.050 0.943

City 1 1

Suburb 0.69 (0.48–1.00) 0.98 (0.65–1.48)

Family member(s) suffered from dengue fever 0.172 0.827

Yes 1 1

No 0.75 (0.50–1.12) 1.05 (0.65–1.71)

Personally experienced dengue fever 0.018 0.055

Yes 1 1

No 0.51 (0.29–0.89) 0.52 (0.26–1.01)

aOR adjusted odds ratio, IDR Indonesian rupiah

Harapan et al. BMC Infectious Diseases  (2018) 18:96 Page 10 of 16



Table 4 Univariate and multiple logistic regression analysis showing predictors of practice levels (good vs. poor) (n = 609)

Independent variable Univariate Multivariate

OR (95% CI) P-value aOR (95% CI) P–value

Regency 0.017 – –

Aceh Besar 1

Aceh Tengah 0.42 (0.19–0.92)

Langsa 0.49 (0.23–1.01)

Aceh Utara 1.13 (0.56–2.25)

Aceh Singkil 1.22 (0.61–2.46)

Sabang 1.60 (0.81–3.16)

Aceh Timur 1.40 (0.71–2.76)

Aceh Selatan 1.09 (0.57–2.05)

Aceh Tamiang 1.13 (0.56–2.25)

Age group (years) 0.307

17–29 1

30–44 1.01 (0.69–1.47)

45–59 0.74 (0.40–1.35)

60–84 2.63 (0.69–9.99)

Sex 0.131 0.057

Male 1 1

Female 1.34 (0.91–1.96) 1.48 (0.99–2.24)

Education 0.001 0.256

Illiterate 1 1

Primary school 2.43 (0.24–24.03) 2.45 (0.23–25.25)

Junior high school 1.80 (0.18–17.66) 1.44 (0.14–14.86)

Senior high school 5.65 (0.72–43.90) 4.78 (0.57–39.81)

Diploma 9.00 (1.15–70.42) 3.98 (0.46–33.88)

Graduated 9.11 (1.17–70.88) 4.33 (0.51–36.67)

Occupation < 0.001 0.007

Farmer 1 1

Civil servant 3.56 (1.78–7.10) 1.83 (1.05–3.17)

Private employee 6.25 (3.00–12.98) 1.02 (0.59–1.78)

Entrepreneur 2.97 (1.44–6.10) 0.51 (0.21–1.21)

Student/University student 2.27 (1.11–4.61) 0.58 (0.32–1.05)

Religion 0.261 – –

Muslim 1

Other 0.30 (0.03–2.45)

Marital status 0.714 – –

Unmarried 1

Married 0.88 (0.62–1.24)

Widowed 0.75 (0.26–2.18)

Monthly income (IDR) 0.474 – –

< 1 million 1

1 – ≤ 2 million 1.01 (0.64–1.59)

2 – ≤ 3 million 1.14 (0.70–1.86)

> 3 million 1.49 (0.89–2.25)
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between SES and better knowledge regarding DF is that
people with higher economic status might have better
access to information sources on DF [22]. Castro et al.
[22] postulated that the combination of better access to
information about DF and higher education level might
assure a better understanding and comprehension of
information on DF when accessed; therefore, better
knowledge regarding DF could be achieved.
We found a weak association between knowledge of

DF and preventive practice. Although more than 45% of
the participants had good knowledge regarding DF
(based on the 80% cut-off point), only 32% had good
preventive practice. For example, 94% of the participants
understood that windows screens and bed nets reduce
mosquito biting, but only 74% actually used window
screens. In addition, although 91% of the participants
understood that DENV vectors breed in standing water,
only 73% changed the water in flower containers regu-
larly. Less than half of the participants with good

knowledge regarding DF had good preventive practice.
Our results indicate that translation from knowledge to
practice among participants was poor, as has been re-
ported elsewhere [11, 23–25]. Although the exact factor
that inhibits the translation from knowledge regarding
DF into preventive practice is unknown, we suspect that
SES could be one of the major factors among the partici-
pants of our study. This is based on the following ration-
ale: Firstly, our analysis found that low education and
working as a farmer were associated with low preventive
practice. As mentioned before, education and occupa-
tion were confounding factors for SES. Secondly, living
in the suburbs was also associated with low preventive
practice, and the majority of residents in the suburbs
had a lower education level and were poorer (their main
occupation being farming) compared to their counter-
parts in the cities. We see a major problem in the time
allocation for farmers, who have to work every day
whereas civil servants or those working in private sector
employment have a holiday within the weekend. Less
time available could be the main reason for less know-
ledge regarding DF among suburban participants, and
this reason could be a major obstacle for the translation
of knowledge into preventive practice among people
with low SES. Persons who can spare time during week-
ends might have used part of that time for translating
their knowledge of DF into preventive practices.
As predicted, this study found a strong association

between good attitude regarding DF and good practice,
indicating that the translation of attitudes into practice

Table 4 Univariate and multiple logistic regression analysis showing predictors of practice levels (good vs. poor) (n = 609)
(Continued)

Independent variable Univariate Multivariate

OR (95% CI) P-value aOR (95% CI) P–value

Socioeconomic status < 0.001 0.015

Poorest quintile 1 1

2nd 1.64 (0.90–2.97) 1.16 (0.61–2.19)

3rd 1.82 (1.01–3.28) 1.41 (0.76–2.63)

4th 1.94 (1.08–3.49) 1.38 (0.72–2.63)

Richest quintile 3.88 (2.19–6.88) 2.68 (1.40–5.12)

Type of residence 0.043 0.948

City 1 1

Suburb 0.69 (0.48–0.98) 1.01 (0.67–1.53)

Family member(s) suffered from dengue fever 0.228 0.768

Yes 1 1

No 0.78 (0.52–1.16) 0.92 (0.56–1.51)

Personally experienced dengue fever 0.223 0.442

Yes 1 1

No 0.70 (0.40–1.23) 0.76 (0.38–1.51)

aOR adjusted odds ratio, IDR Indonesian rupiah

Table 5 Correlation between score of knowledge, attitude,
practice and asset score (socioeconomic status)

Variables Correlation (95% CI) P-value

Asset index-knowledge 0.27 (0.21–0.33) < 0.001

Asset index-attitude 0.16 (0.09–0.23) < 0.001

Asset index-practice 0.26 (0.19–0.32) < 0.001

Knowledge-attitude 0.34 (0.28–0.40) < 0.001

Knowledge-practice 0.21 (0.15–0.27) < 0.001

Attitude-practice 0.27 (0.21–0.33) < 0.001
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was good. Therefore, appropriate preventive programs
should be designed to increase not only the knowledge of
people but also to improve their attitude regarding DF.
To tackle low knowledge among inhabitants of the

suburbs and a lack of translation of knowledge into
practice at the same time, the role of religion in the
community should be better appreciated. Approximately
98% of the inhabitants of Aceh are Muslim and a male
adult is compulsory to pray five times a day especially
every Friday afternoon in the mosque. This occasion
could be used in close cooperation with mosque man-
agement staff to spread educational materials on DF and
its prevention, such as brochures and fact sheets. In
addition, the preachers should be encouraged to include
health and environmental topics, including DF, in the
materials used during speech session after praying. To
expand this, mosque management could include health-
care providers to provide DF-related speeches in formal
or non-formal religious lecture sessions. Furthermore, to
increase DF prevention practices, mosque management
staff could request the community members to do
voluntary communal works to clean and bury of water
containers around dwellings, clear the neighborhood of
ponds and pits and clean the gutters and surface water
drains, especially before and during raining season. Up
to now, such opportunities have never been used in
Aceh. Engaging local religious leaders and mosques
would have at least two advantages: First, it could be
more convenient (in terms of time spent) for people to
receive information at or near the mosque compared to
seminars conducted either in Puskesmas or the town
hall (where attendance is usually very low). Second, most
of the Acehnese are very observant Muslims and more
likely to follow their religious leader in the mosque

compared to HCWs. Therefore, it might be easier and
more effective to disseminate information on DF and its
prevention in this setting. In addition, Aceh is the only
province in Indonesia that is implementing Islamic
Sharia Law and therefore the religion-related approach
will be easier to be implemented in Aceh context. How-
ever, it should be kept in mind that people’s attention to
such topics is not very high when there is no DF case in
the community.
In order to specifically improve the translation of know-

ledge and attitude into real preventive practice, the most
appropriate target groups are hospitalized DF patients and
their family members visiting the hospital. The rationale
behind this is: (i) we found that the knowledge regarding
DF of these groups was not significantly increased com-
pared to participants who had never suffered from DF and
had no family history of DF, indicating that the existing
DF prevention program did not educate them enough; (ii)
we also found that these groups had better attitude
regarding DF indicating higher awareness; and (iii) pa-
tients’ family members could be more easily interested
due to their perceived susceptibility of contracting DF
because they are living together with the patient.
Increased perceived susceptibility is an important driver of
DF prevention practices [26].
In our study context, the status of previous dengue

infection of participants (i.e the presence of the antibody
anti-dengue) is not relevant. As a country with hyperen-
demic for dengue, almost 90% of the inhabitants aged
15–18-year-olds in Indonesia are seropositive for dengue
and most of the inhabitants with seropositive are never
symptomatic [27]. What we are interested is the inhabi-
tants who experienced symptomatic dengue previously
(i.e experienced symptomatic dengue). This history is

Fig. 2 Source of information on dengue fever among participants
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important because, in nature, such experience will asso-
ciate with awareness and attitude towards disease. In this
study, we did record the information of symptomatic
dengue history in respondents. We observed a higher
use of the internet as a source of information on DF
among participants who had experienced DF personally
or in their family. This indicates that they might have
tried to get more information regarding DF from the
internet during and/or after the DF episode reflection
awareness of the disease. Therefore, both of these groups
(patients and their families) appear most suitable for DF
education during visits to Puskesmas or hospitals.
Dengue fever education materials could be delivered
directly by HCWs to the patients or by providing family
members with posters, brochures, or booklets while in
hospital. This strategy could be particularly effective in
Aceh where a cultural practice exists in which patients
in hospital are visited not only by members of the core
family but also by the extended family and neighbors.
All of these should be educated on such opportunities,
improving their knowledge as well as attitude and pre-
ventive practice regarding DF. In addition, they should
be tasked with spreading DF education materials among
their neighbors (e.g., one person should spread the edu-
cation materials to at least five relatives or neighbors).
By adopting a “one for five” strategy, dissemination of
the information could be effective. Beyond the mere dis-
semination of information materials on DF, the “one for
five” strategy can also deliver “blue messages” from per-
sons who visited the DF patient in hospital. As Acehnese
people tend to explain the condition of their family
members in hyperbolic phrases, it is very likely that this
could drive the awareness of interlocutors. However,
further study should be conducted to assess the effect-
iveness of such a “one for five” strategy in increasing the
KAP regarding DF in Aceh.
As expected, this study found a negative association be-

tween receiving information from HCWs in Puskesmas
and personal history of DF. In Indonesia, the main role of
Puskesmas is to implement preventive programs while the
major role of hospitals is curative. Therefore, Puskesmas
might be one of the most suitable places for implementing
a DF prevention program in order to improve preventive
practices among local residents. To achieve this in the
future, the government should encourage HCWs in
Puskesmas to better educate DF patients and their family
members and neighbors, also applying community out-
reach methods like the “one for five” strategy.
Inevitably, there are some limitations of the present

study. First, this study could not determine how all the
reported practices were translated into actual practice
because the interviewers did not directly inspect the
houses inhabited by participants. Second, a desirability
bias might exist in some questions within the attitude

domain. This latter issue has also been reported from
similar study in Nepal [11].

Conclusions
In Aceh, Indonesia, the knowledge regarding DF is low
among inhabitants. Only one-third of the participants
had good attitude towards DF and reported good pre-
ventive practices. Although SES was the only independ-
ent predictor factor for KAP domains in this study,
some of the intervention groups that should be consid-
ered for a DF prevention program are inhabitants with
low SES, inhabitants with low education level, those
living in the suburbs, and farmers. There was a strong
association between knowledge and attitude regarding
DF, and between attitude and preventive practice. How-
ever, there was a poor translation of knowledge into pre-
ventive practice. To achieve success in DF prevention,
programs should be designed to increase not only know-
ledge and attitude domains but also the translation of
these domains into real preventive measures. To dissem-
inate DF information and increase the translation of
knowledge into preventive measures, a religion-based
approach might be considered as part of preventive
programs in Aceh. In this study we found that having a
personal or family history of DF was not associated with
an increased knowledge regarding DF. The most likely
explanation for this worrying result could be insufficient
information on DF given by HCWs during the treatment
of patients in Puskesmas or hospital. In addition, we
found a negative association between personal history of
DF and receiving information from HCW in Puskesmas.
To address these problems, the critical role of Puskesmas
as the frontline facility in disease prevention should be
optimized using two strategies. First, HCWs should be
empowered and encouraged to better educate DF patients,
their families and neighbors during their visits to the
Puskesmas. Second, Puskesmas and hospital should pro-
vide DF patients, their families and visiting neighbors with
adequate health education materials, applying outreach
strategies that use these groups of persons as multipliers
in their communities. In addition, to disseminate DF in-
formation to the broader community, posters, booklets
and brochures must also be distributed to schools, univer-
sities and other various public administrative offices. To
enhance the awareness, simple and educating DF posters
could be posted in public areas that everyone from differ-
ent educational levels can understand.
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a  b  s  t  r a  c t

Background:  The  first  dengue vaccine (DV)  has been  licensed  in some  countries,  but  an  assessment  of  the
public’s  acceptance  of DV  is widely  lacking.  This  study aimed  to explore  and  understand  DV  acceptance
and its associated  explanatory  variables among  healthy  inhabitants  of Aceh,  Indonesia.
Methods:  A  community-based  cross-sectional  survey  was conducted  from  November  2014 to  March  2015
in nine  regencies of Aceh  that  were  selected  randomly.  A  set of validated  questionnaires covering a range
of explanatory  variables  and  DV  acceptance  was used to conduct the  interviews.  A  multi-step  logistic
regression  analysis  and Spearman’s  rank  correlation were  employed  to assess the  role  of explanatory
variables in  DV acceptance.
Results:  We included  652  community  members  in the  final analysis  and  found  that  77.3% of them  were
willing  to accept  the  DV. Gender, monthly  income,  socioeconomic  status (SES), attitude  toward  dengue
fever (DF)  and attitude  toward  vaccination practice were  associated  with DV  acceptance  in bivariate
analyses  (P  <  0.05).  A correlation analysis  confirmed that  attitude  toward vaccination  practice and  attitude
toward DF were  strongly  correlated  with  DV acceptance,  rs =  0.41  and  rs =  0.39,  respectively (P <  0.001).

The  multivariate  analysis  revealed  that  a high  monthly  income, high  SES, and  a  good  attitude  toward
vaccination  practice and toward  DF were  independent  predictors  of DV  acceptance.
Conclusion: The acceptance  rate  of the  DV among  inhabitants  of Aceh, Indonesia  was relatively  high,  and
the strongest associated  factors  of higher  support  for  the  DV  were a good attitude  toward  vaccination
practices  and a  good attitude  toward DF.
. Introduction

Dengue fever (DF) has been considered the most important

osquito-borne viral disease in humans. The incidence of DF has

ncreased 30-fold in the past 50 years, and it is endemic to  more
han 100 countries [1].  It is  estimated that almost 50% of the world’s

∗ Corresponding author at: Medical Research Unit, School of Medicine, Syiah
uala University, Jl.  T.  Tanoeh Abe, Darussalam, Banda Aceh 23111, Indonesia.
el.: +62 0 651 7551843; fax: +62 0 651 7551843.
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maduddin Akmal, Muhammad Iqbalamin, Jamalul Adil, Fenni Henrizal, Darmayanti
armayanti (Medical Research Unit, School of Medicine, Syiah Kuala University).

ttp://dx.doi.org/10.1016/j.vaccine.2016.05.026
264-410X/© 2016 Elsevier Ltd. All rights reserved.
©  2016 Elsevier  Ltd.  All rights  reserved.

population lives in areas that are at risk for DF [2].  The DF bur-
den in Asia continues to  be the highest globally, and Indonesia
is  the largest country in  Southeast Asia and the Western Pacific
region in  which DF is prevalent. Since the first documented case
in 1968 in  Jakarta until the present day, DF has been prevalent in
all provinces and has become a major public health problem with a
high incidence, morbidity and mortality rate [3]. One of  Indonesia’s
provinces with an increased incidence of dengue is Aceh [4],  the
most severely affected area by the earthquake and tsunami of 26
December 2004. In 2005, the WHO  warned of an increased risk of
DF in  tsunami-affected areas [5]. There was an increase in regis-
tered DF cases in Aceh from 2.76 to  46.66 per 100,000 in 2003 and

2014, respectively [4,6].

The dengue vaccination era has begun. A dengue vaccine
(DV) produced by Sanofi Pasteur, CYD-TDV, has been licensed
in Mexico, the Philippines and Brazil. Acceptance of the DV is a

dx.doi.org/10.1016/j.vaccine.2016.05.026
http://www.sciencedirect.com/science/journal/0264410X
http://www.elsevier.com/locate/vaccine
http://crossmark.crossref.org/dialog/?doi=10.1016/j.vaccine.2016.05.026&domain=pdf
mailto:harapan@unsyiah.ac.id
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ccine 3

c
a
m
a
D
i
i
r
i
h

2

2

S
p
a
t
o
v
f

2

n
a
a
p
t
(
A
i
s
w
m
p

2

c
N
o
r
a
(
o
t
i
o
c

2

2

b
t
D
t
h
L

H. Harapan et al. / Va

ritical factor for the success of dengue vaccination programs, and
 high level of acceptance is  therefore required. However, assess-
ents of the public’s acceptance of the DV and its associated factors

re widely lacking. An assessment of the public’s acceptance of the
V may  influence the adaptation of dengue vaccination strategies

n certain region, especially in developing countries [7]. Therefore,
t is important to assess public acceptance of the DV to generate
ecommendations for policy makers. This study aimed to provide
nformation on DV acceptance and its associated factors among
ealthy inhabitants of Aceh, Indonesia.

. Methods

.1. Ethical clearance

The Ethical Clearance Committee of the School of Medicine,
yiah Kuala University, Banda Aceh reviewed and approved the
rotocol of this study. Participation in  this study was voluntary,
nd participants received no incentive. Before enrollment, all par-
icipants received a  brief explanation of the aims, risks and benefits
f the study and were informed that they could terminate the inter-
iews at any time. All participants signed written informed consent
orms prior to  enrollment.

.2. Study sites and sampling procedures

Aceh is one of 34 provinces of Indonesia and is located in  the
orthern Sumatra Island, the westernmost part of the Indonesian
rchipelago. The total area of Aceh is  approximately 56,770 km2

nd consists of 23 regencies (Kabupaten/Kotamadya),  with a total
opulation of approximately 4,906,800 in  2014 [8].  To represent
he population, nine out of 23 regencies were randomly selected
Aceh Tengah, Aceh Besar, Aceh Utara, Aceh Singkil, Aceh Timur,
ceh Selatan, Aceh Tamiang, Langsa and Sabang). Forty-five partic-

pants from each regency were required as the minimum sample
ize based on the assumption of a  vaccine acceptability rate of 50%
ith a  5% margin of error and a  95% confidence level. However,
ore participants were recruited from regencies that had a  higher

opulation size.

.3. Study design and study instrument

To assess DV acceptance and its associated factors, a
ommunity-based cross-sectional study was conducted from
ovember 2014 to  March 2015. To facilitate the interviews, a set
f validated and pre-tested questionnaires [9–12] was  used. A
esponse variable (DV acceptance) and a range of explanatory vari-
bles (socioeconomic status (SES), knowledge, attitude and practice
KAP) regarding DF, attitudes toward vaccination practice, history
f past DF and other demographic data) were covered in the ques-
ionnaires. A reliability test of the questionnaires was conducted
n two regencies (Aceh Barat Daya and Pidie Jaya), and a  0.7 cut-
ff point of Cronbach’s alpha was applied (indicated good internal
onsistency of the items in the scale).

.4. Research variables

.4.1. Response variable
To assess DV acceptance, it was hypothesized that the DV would

e safe and protective against dengue virus infection. No informa-
ion related to the dose, administration procedure, or price of the

V was provided. Participants were asked to  respond the ques-

ion, “would it be likely for you to vaccinate your children (if you
ave children)?” The possible responses were scored on a five-point
ikert-type scale, ranging from “very unlikely” to “very likely.”
4 (2016) 3670–3675 3671

2.4.2. Explanatory variables
2.4.2.1. SES. The SES of the participants was generated based on
fifteen indicators of the assets they owned. Ownership of  the
indicator assets was used to construct an asset index based on Prin-
cipal Component Analysis (PCA) [9]. The indicator assets are  radio,
television, refrigerator, bicycle, motorcycles, personal computer,
internet connection, car, electricity, landline phone, piped-water,
flushed toilet, housing unit, and housing characteristics including
a separate kitchen, non-dirt flooring, roof tiles, and brick walls.
SES was  then classified into 5 quintiles, the 1st  quintile repre-
senting the poorest and the 5th quintile representing the least
poor.

2.4.2.2. KAP regarding DF. To assess the KAP domain regarding DF,
a set of three questionnaires consisting of  28, 15  and 16 ques-
tions/statements adapted from previous studies [10–12] was used.
For knowledge, the possible responses to all of the questions were
“yes” or “no.” Each valid response of knowledge regarding DF
(signs, symptoms and transmission of dengue viruses) was given
a score of one, whereas an incorrect response was scored as zero.
Each statement within the attitude domain was introduced, to
which participants could (strongly) disagree or (strongly) agree
on a Likert-type scale. For preventive practices against DF, each
valid response of a  measure to  prevent mosquito-man contact and
eliminate mosquito breeding sites was  given a  score of one. For
each of the KAP domain’s presented, higher scores indicated better
knowledge, a more positive attitude and better preventive practices
regarding DF, respectively.

2.4.2.3. Attitude toward vaccination practice. To measure partici-
pants’ attitude toward vaccination practice, five statements from
a previous study [10] were used. The possible responses were on
a Likert-type scale ranging from “strongly disagree” to  “strongly
agree.” A  score of one to five could be received for each statement,
and higher scores indicated a  more positive attitude.

2.4.2.4. History of past DF and other demographic data. Participants’
personal history of previous episodes of DF, having a  family mem-
ber(s) with a history of DF  and other demographic background data
such as age, educational attainment, type of occupation, marital sta-
tus, monthly income and type of residence were collected from all
participants.

2.5. Statistical analysis

For each participant, the scores for KAP regarding DF and for
attitude toward vaccination practice were computed as the sum
of the response scores within each domain. Additive scale scores
for the KAP domains ranged from 0 to 28, 15 to 75 and 0 to 16  for
the knowledge, attitude and practice domains, respectively, and
from 5 to  25 for attitude toward vaccination practice. For the sta-
tistical analysis, the level of these domains was dichotomized into
“good” and “poor” based on an 80% cut-off point, whereas DV accep-
tance was  categorized into “willing” (very likely and likely) and
“not willing” (undecided, unlikely and very unlikely). To determine
the role of the explanatory variables in DV acceptance, multiple
step logistic regression and Spearman’s rank correlation (rs) were
employed. In the univariate logistic regression, all explanatory fac-
tors were included, and significant explanatory factors (P ≤  0.25)

were entered into the multivariate analysis. The estimated odds
ratio (OR) was interpreted in relation to  one of the categories,
which was designated as the reference category. All  analyses were
performed using SPSS Version 15 (Chicago, IL).
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Table  1
Univariate logistic regression analysis showing predictors of dengue vaccine acceptance (willing vs. not willing) (n = 652).

Variable  n (%)  Percentage  willing  Univariate  logistic  regression
OR  (95%  CI) P-value

Regency  <0.001**

Aceh  Tengah  (R)  79  (12.1)  88.6  1
Langsa 74  (11.3)  95.9  3.04 (0.79–11.71)  0.106
Aceh Besar  90 (13.8)  96.7  3.73  (0.97–14.29)  0.055
Aceh Utara  58  (8.9)  98.3  7.34  (0.90–59.57)  0.062
Aceh Singkil  69  (10.6) 88.4  0.98  (0.35–2.69)  0.969
Sabang 65  (10.0)  96.9  4.05 (0.84–19.45)  0.081
Aceh Timur  46  (7.1)  93.5  1.84  (0.47–7.18)  0.379
Aceh Tamiang  51  (7.8)  80.4 0.53  (0.19–1.40)  0.200
Aceh Selatan  120  (18.4)  67.5  0.27  (0.12–0.59)  0.001*

Age  group  0.174
17–29 (R)  336  (51.5)  88.1  1
30–44 224  (34.4)  86.6  0.87  (0.52–1.45)  0.602
45–59 80 (12.3)  91.3  1.40 (0.60–3.27)  0.425
60–84 12  (1.8)  91.7  1.48  (0.18–11.82)  0.708

Sex
Male (R)  195  (29.9)  83.1  1
Female 457  (70.1) 90.2 1.86  (1.14–3.02)  0.012*

Education  0.321
Primary (R)  67  (10.3) 86.6  1
Junior high  school  42  (6.4)  83.3  0.77  (0.26–2.26)  0.643
Senior high  school  239  (36.7)  88.7  1.21  (0.54–2.73)  0.362
Diploma 136  (20.8) 84.6  0.85  (0.66–1.97)  0.705
Graduated 168  (25.8)  91.7  1.70 (0.70–4.15)  0.239

Occupation 0.093
Farmer (R)  124  (19.0) 87.1  1
Civil servant 163  (25.0) 92.5  1.81  (0.81–4.08)  0.147
Private employee  94  (14.4)  84.0  0.77  (0.38–1.58)  0.488
Entrepreneur 125  (19.2)  83.0  0.72  (3.41–1.53)  0.396
Student/University student  146  (22.4)  90.8 1.46  (0.69–3.08)  0.319

Marital status  0.117
Unmarried (R)  257  (39.4)  90.3 1
Married 374  (57.4)  86.1  0.67  (0.40–1.11)  0.117
Widow 21  (3.2)  95.2  2.15  (0.28–16.75)  0.463

Monthly income  0.243
<1 million  rupiahs  (R)  335  (51.4)  86.6  1
1–≤2 million  rupiahs  138  (21.2)  87.0  1.03 (0.57–1.86)  0.910
2–≤3 million  rupiahs  100  (15.3)  89.0  1.25  (0.62–2.53)  0.525
>3 million  rupiahs  79  (12.1)  94.9  2.91  (1.01–8.34)  0.047*

Type  of  residency
Suburb  (R)  457  (70.1) 86.4  1
City 195  (29.9)  91.8  1.77  (0.99–3.13)  0.056

Have family  member(s)  who  suffered  from  dengue
No (R) 520  (79.8)  88.5  1
Yes 132  (20.2) 86.4  0.83  (0.47–1.45)  0.508

Have experienced  dengue
No (R) 595  (91.3)  88.1  1
Yes 57  (8.7)  87.7  0.97  (0.42–2.22)  0.938

SES status  0.075
Poorest quintile  (R)  131  (20.1) 85.5  1
2nd 130  (19.9)  84.6  0.93  (0.47–1.84)  0.842
3rd 130  (19.9)  86.2  1.06 (0.53–2.12)  0.879
4th 130  (19.9)  95.4  3.51  (1.35–9.09)  0.010*

Richest  quintile  131  (20.1) 88.5  1.31  (0.63–2.71)  0.463

Knowledge regarding  dengue
Poor  (R)  433  (66.4)  86.8  1
Good 219  (33.6)  90.4 1.43  (0.84–2.43)  0.186

Attitude toward  dengue
Poor  (R)  489  (75)  85.1  1
Good 163  (25)  96.9  5.45  (2.20–13.97)  0.000*

Preventive  practice  against  dengue
Poor (R)  497  (76.2)  89.1  1
Good 155  (23.8)  84.5  0.66  (0.40–1.12)  0.124

Attitude toward  vaccination
Poor  (R)  555  (85.1)  86.3  1
Good 97  (14.9)  97.9  7.54  (1.82–31.22)  0.005*

CI, confidence interval, OR, odds ratio, R, reference group.
* Significant at  P =  0.05.

** Significant at  P =  0.001.
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Table 2
Multivariate logistic regression analysis showing predictors of acceptance of a
dengue vaccine (willing vs. not willing) (n = 652).

Variable aOR (95% CI) P-value

Sex
Male (R) 1
Female 1.69 (0.99–2.88) 0.053

Occupation 0.206
Farmer (R) 1
Civil servant 0.47 (0.17–1.27) 0.137
Private employee 0.36 (0.14–0.95) 0.040*

Entrepreneur 0.51 (0.23–1.13) 0.096
Student/University student 0.81 (0.29–2.25) 0.686

Marital  status 0.230
Unmarried (R) 1
Married 0.60 (0.30–1.19) 0.144
Widow 1.62 (0.18–14.27) 0.665

Monthly income 0.125
<1  million rupiahs (R) 1
1–≤2 million rupiahs 1.33 (0.69–2.55) 0.395
2–≤3 million rupiahs 1.60 (0.64–3.93) 0.316
>3  million rupiahs 4.77 (1.31–17.29) 0.018*

Type of residency
Suburb (R) 1
City 1.45 (0.74–2.83) 0.275

SES  status 0.076
Poorest quintile (R) 1
2nd 0.94 (0.44–1.98) 0.864
3rd  1.09 (0.49–2.41) 0.840
4th 3.36 (1.17–9.63) 0.024*

Richest quintile 0.77 (0.31–1.94) 0.580

Knowledge regarding dengue
Poor (R) 1
Good 1.11 (0.60–2.04) 0.740

Attitude toward dengue
Poor (R) 1
Good 3.72 (1.40–9.91) 0.008*

Attitude toward vaccination
Poor (R) 1
Good 6.05 (1.34–27.27) 0.019*

against dengue virus infection was  the most important character-
istic (25.2%). The second most important DV characteristic (22.5%)
was that the DV should be halal (does not contain any haram

Table 3
Correlation between dengue vaccine acceptance and selected explanatory variables
(n  =  652).

Variables Correlation (95% CI) P-value

Socioeconomic status –  DV acceptance 0.09 (0.03–0.16) 0.012*

Knowledge regarding dengue – DV
acceptance

0.08  (0.02–0.15) 0.033*

Attitude regarding dengue – DV
acceptance

0.39 (0.33–0.44) <0.001**

Preventive practice against DF – DV
acceptance

−0.01 (−0.07 to  0.06) 0.908

Attitude toward vaccination – DV 0.41 (0.35–0.46) <0.001**
H. Harapan et al. / Va

. Results

.1. Demographic data

We surveyed 677 healthy community members from nine
egencies. Data from 25 (3.7%) participants were excluded from the
nalysis due to  missing information. A total of 652 (96.3%) partic-
pants were analyzed. The characteristics of the participants are
epicted in Table 1. A  majority (70.1%) of the participants was
emale and lived in  the suburbs. No illiterate participants were
nvolved, and more than half (53.4%) of the participants had never
ttended a university. Approximately half of the participants were
iving under the poverty line that earned less than 1 million Indone-
ian Rupiah (US$81) each month. Less than 10% of the participants
eported having a  previous episode of DF. In addition, this study
ound that the prevalence of participants who had good scores in
he KAP domains was 33.6%, 25.0% and 23.8% for the knowledge,
ttitude, and practice domains, respectively. Less than 15% of the
articipants had a good attitude toward vaccination practice.

.2. DV acceptance and associated factors

We found that 37.6% and 39.7% of the participants expressed
hat they were likely and very likely to vaccinate their children (if
hey had children), respectively. Approximately 5% of the partici-
ants were unable to  decide. When dichotomizing DV acceptance

nto willing and non-willing, the acceptance rate was  77.3%. The
nivariate analysis revealed that gender (being female), a  high
onthly income, high SES, a good attitude toward DF and a  good

ttitude toward vaccination practice were associated with a  better
V acceptance (P  <  0.05) (Table 1).

Being female increased the odds of accepting the DV by approx-
mately two times (OR: 1.86; 95% CI: 1.14–3.02) compared with
eing male. Although participants within the 3rd quintile of SES
ad increased odds of having a good acceptance of the DV com-
ared to the poorest group, the richest group showed no difference

n  the DV acceptance compared to the poorest group. This might
ndicate that SES is not a  robust predictor of DV acceptance. One
nteresting finding was  that both personal history of the DF and
aving family member(s) with a DF history had no association with
V acceptance.

Within the KAP domains, we  found that better knowledge
egarding DF and good preventive practices against DF had no asso-
iation with DV acceptance. However, good attitude regarding DF
as associated with better support for dengue vaccination, with

n OR of 5.45 (95% CI: 2.20–13.97). In addition, as predicted, a
ood attitude toward vaccination practice was strongly associated
ith DV acceptance (OR: 7.54, P =  0.005). This indicates that a good

ttitude toward vaccination practice was the strongest factor asso-
iated with support for the DV.

After excluding regency from the system, our multivariate anal-
sis revealed that only attitude toward DF  and attitude toward
accination practice were independent predictors of DV accep-
ance (Table 2). However, some explanatory variables such as SES,
ccupation and monthly income were also associated with DV
cceptance to some degree. For instance, participants within the
th quintile of SES had a higher acceptance than the poorest, but
his association was inconsistent for the richest group. We also
ound that participants who were working in the private sector
ad decreased odds of accepting the DV compared with farmers,
hereas those who had the highest income had more support for
engue vaccination than participants with the lowest income.
Spearman’s rank correlation analysis confirmed that SES, knowl-
dge regarding DF and preventive practice against DF had no
ignificant correlation with DV acceptance (Table 3). This analysis
lso confirmed that the two strongest predictors associated with DV
aOR, adjusted odds ratio; CI,  confidence interval; R, reference group.
* Significant at P =  0.05.

acceptance were attitude toward vaccination practice and attitude
regarding DF (rs = 0.41 and rs =  0.39 with P < 0.01, respectively).

In addition, we asked the participants to mention three impor-
tant characteristics of the DV that would be main reasons for DV
acceptance. We found that having a DV that provided full protection
acceptance

CI,  confidence interval; DV, dengue vaccine.
* Significant at P =  0.05.

** Significant at P =  0.001.
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ig. 1. Major vaccine characteristics as main reasons for dengue vaccine acceptance
n  = 1956).

aterials) followed by minimal sides effect, affordable price and
ingle dose (Fig. 1).

. Discussion

This study was conducted to assess public acceptance of the DV
nd the factors associated with DV acceptance in Indonesia. We
ound that more than 75% of the participants were willing to  accept
V on the premise that the DV was safe and protective against
engue virus infection. The two most important associated factors
or public acceptance of the DV were attitude toward DF and atti-
ude toward vaccination practice. The rate of DV acceptance in  this
tudy was lower than that of a  similar study in Bandung, Indonesia,
hich found a 95% acceptance rate [10].  Another study in Indonesia

egarding acceptance of human papillomavirus (HPV) vaccination
lso revealed a  higher rate (96%) [13].

We found that having good knowledge of DF did not increase
V acceptance, whereas good attitudes toward DF  increased DV
cceptance by  approximately four times. Previous studies have also
ound that knowledge of a disease did not have a  discernible effect
n increasing vaccine acceptance of, for example, HPV [13–15],
engue [10] and influenza [16].  Altogether, these findings explain
hat improving understanding of a  disease without increasing atti-
udes does not enhance acceptance of a vaccination against a
articular disease.

We also found that a  good attitude toward vaccination practice
ad a robust association with DV acceptance. This finding was
imilar to that of a  previous study in Bandung, Indonesia [10].
his indicates that general community members who have a good
ttitude toward vaccination practice are more supportive of new
accines. Our current study also revealed that a good attitude
oward vaccination practice was one of the most important inde-
endent factors regarding a hypothetical vaccine for Ebola [17].

In addition, our study found that a  high income level and SES
as associated with better DV acceptance. Interestingly, it seemed

hat SES was not  a robust explanatory factor, as support for the DV
as higher in the 4th quintile of SES than in the poorest quintile but
id not differ between the richest and the poorest groups. A review
tudy reported that several previous studies have also found SES to
e inconsistently related to  acceptance of vaccination [18].  Some
tudies have found high SES to be associated with a better vaccine
cceptance in the USA, Nigeria, Burkina Faso and India, while some
tudies have found it to be associated with a low vaccine accep-
ance in the USA and Nigeria [18].  In addition, some studies have
ven reported no association [10,16].  The reasons why  SES is  asso-
iated with vaccine acceptance are not always explained. However,

n the Aceh context, SES is associated with educational attainment,

onthly income and types of occupation. This confounding effect,
n part, could explain the inconsistency of the association between
ES and DV acceptance.
4 (2016) 3670–3675

Although our previous study demonstrated that a  high educa-
tion level was associated with a better attitude toward dengue
vaccination [19],  it seems that education was  not  a robust factor in
DV acceptance. This conclusion was  supported by  our findings that
educational attainment lacked a  strong association with DV accep-
tance. This finding is  supported by previous studies that clearly
found no association between acceptance of viral vaccines and edu-
cation [13–16]. Education thus seems to be an intermediate factor
that is affected and affects other factors. In  addition, previous stud-
ies have found conflicting results of higher education acting as a
promoter [20–23] or a  barrier [24–26].

Interestingly, previous studies have found that individuals with
a personal experience of a particular disease were more supportive
of  vaccination against the disease [10,14,15].  However, our study
found that participants who  had direct personal experience with DF
and those who  had family member(s) with a history of DF  showed
no association with DV acceptance.

This study had some limitations. First, desirability bias may  have
existed in  some of the questions within the attitude toward vac-
cination practice and DV acceptance domains, especially as DV
acceptance was  only assessed by a  single question. Second, this
study was conducted before the current DV had been licensed,
and acceptance to a  hypothetical DV was thus used; therefore,
our findings of acceptance might differ from actual acceptance. In
this study, we found that acceptance of the DV was relatively high
(more than 75%). This should be interpreted carefully regarding
the actual acceptance, as in this study we hypothesized that the
DV was safe and protective against dengue virus infection. In addi-
tion, no information related to the dose, administration procedure,
or the price of the DV were provided to  the participants during
the interview. Therefore, the actual acceptance might be lower, as
the current DV requires three doses, and its pooled rates of effi-
cacy for symptomatic dengue are only 60.3% (95% CI: 55.7–64.5)
and the pooled relative risks of hospitalization for dengue are 0.84
(95% CI: 0.56–1.24) among all participants [27].  The last, we did
not determine the severity of the previous dengue infection among
participants who have experienced dengue. Separation between
mild and severe DF experiences might have different effects on DV
acceptance.

As DF  has been a  constant public concern, a  future vaccine is
likely to be in  high demand among the population in  Indonesia. In
the future, efforts to  improve attitudes toward DF and vaccination
practice to thus improve DV acceptance in Acehnese communi-
ties might be required. Our proposed strategy to  enhance the
knowledge and attitudes regarding DF, which includes hospital-
and Masjid (mosque)-based approaches, has been explained else-
where [19].  In addition, one population that should be targeted for
focus groups is  that of university students, as we found that higher
education level had no association with a higher DV acceptance.
Therefore, intensive vaccination campaigns focusing on university
students might be required in  the future to enhance the correct
understanding of vaccination among community members.

5. Conclusion

The acceptance rate of the DV among inhabitants of Aceh,
Indonesia was relatively high (approximately 75%). A good attitude
toward DF and toward vaccination practices were the most impor-
tant independent predictors of higher DV acceptance. High monthly
income and SES were also somewhat associated with better sup-
port for dengue vaccination, but it seemed that the associations

were not robust. Being halal and providing full protection against
dengue virus infection were the most important characteristics of
a DV that could promote a  high DV acceptance among community
members in Aceh, Indonesia.
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a  b  s  t  r a  c t

Vaccination strategies are  being  considered as  a  part  of dengue prevention  programs in endemic  coun-
tries.  To accelerate  the  introduction of dengue vaccine  into the  public sector  program and  private  markets,
understanding  the  private  economic  benefits  of a  dengue  vaccine is  therefore  essential. The aim  of this
study  was to  assess  the  willingness  to  pay  (WTP)  for  a dengue  vaccine  among community members
in  Indonesia and  its associated  explanatory  variables. A  community-based,  cross-sectional  survey was
conducted in nine regencies of Aceh  province,  Indonesia,  from  November  2014 to March  2015.  A  pre-
tested validated questionnaire  was used to facilitate the  interviews. To assess the  explanatory  variables
influencing  participants’  WTP  for  a  dengue  vaccine,  a linear regression analysis  was  employed.  We inter-
viewed  677  healthy  community members;  476 participants  (87.5%  of the  total) were included in the  final
analysis.  An  average individual  was willing  to  pay around  US-$ 4  (mean:  US-$ 4.04;  median:  US-$ 3.97) for
a  dengue  vaccine.  Our  final  multivariate  model revealed  that  working as a civil  servant,  living in the  city,
and having  good knowledge  on dengue  viruses,  a good attitude  towards  dengue,  and  good preventive

practice against  dengue  virus  infection  were associated  with  a  higher  WTP  (P  <  0.05).  Our  model  sug-
gests that  marketing efforts  should  be  directed  to community members who are  working in the  suburbs
especially  as  farmers.  In  addition,  the  results of our study underscore  the  need  for  low-cost  quality  vac-
cines, public sector subsidies for  vaccinations,  and intensifying  efforts  to further educate and  encourage
households  regarding  other  dengue  preventive  measures, using  trusted individuals  as  facilitators.

©  2016  Elsevier B.V.  All  rights  reserved.
∗ Corresponding author at: Medical Research Unit, School of Medicine, Syiah Kuala
niversity, Jl. T. Tanoeh Abe, Darussalam, Banda Aceh 23111, Indonesia.

E-mail address: harapan@unsyiah.ac.id (H. Harapan).

ttp://dx.doi.org/10.1016/j.actatropica.2016.11.035
001-706X/© 2016 Elsevier B.V. All rights reserved.
1. Introduction
Dengue, an acute mosquito-borne viral infection, is rapidly
spreading in  all WHO  regions with approximately 390 million new
infections annually and 96 million symptomatic cases ranging from
mild dengue fever (DF) to  dengue hemorrhagic fever (DHF) and
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engue shock syndrome (DSS) (Bhatt et al., 2013). Approximately
alf of the world’s population is at risk of dengue infection, and
bout 70% of those at risk live in  Southeast Asia and the Western
acific region (Shepard et al., 2013). Within this region, Indonesia
s the biggest country where dengue infection is  prevalent. In the
ast 45 years, the incidence of registered dengue cases in Indonesia
as rapidly increased from 0.05 to approximately 40 per 100,000
opulation (Karyanti et al., 2014).

The observed upward trend of reported dengue cases in
ndonesia indicates, in part, that the dengue prevention and control
rograms in  place have not been effective, or not effective enough,
o reduce the number of dengue infections. Recently, a  new dengue
accine has been approved in  some countries and vaccination has
een considered as a  part of the dengue prevention programs of
ndemic countries. However, the current lack of assessments of
he economic and public acceptance of a  dengue vaccine may  cast
ncertainty on the adoption of dengue vaccination strategies in
ertain regions, especially in  middle-income countries (Lee et al.,
015). Middle-income countries such as Indonesia generally face
ard decision making on whether and how to incorporate new and
otentially expensive vaccines within their budget-constrained
ational vaccination programs (Hadisoemarto and Castro, 2013).
herefore, understanding the private economic benefits of poten-
ial dengue vaccines is  necessary for an accelerated introduction
f dengue vaccine into the public sector program and private
arkets.
So far, three studies regarding the willingness to  pay (WTP) for

engue vaccine have been published (Hadisoemarto and Castro,
013; Lee et al., 2015; Palanca-Tan, 2008);  one of these was
onducted in  Bandung, Java Island, Indonesia (Hadisoemarto and
astro, 2013). As the cultural and economic backgrounds of that
etting differ from those of other populations outside of Java
sland, it is important to  also assess the WTP  among people from
ther backgrounds in Indonesia. Aceh is  one of the regions in
ndonesia where dengue infection is hyperendemic and the number
f cases has risen significantly especially following the earthquake
nd tsunami disaster of 2004. This study sought to  assess the
TP  for a dengue vaccine and its associated modifiable deter-
inants of community members in  Aceh, Indonesia in  order to

enerate recommendations for policy makers in dengue endemic
reas.

. Methods

.1. Study site, sampling procedure and sample size

The study presented in this paper was conducted in nine regen-
ies in Aceh province, Indonesia. Aceh comprises predominantly
ural areas located in the north of Sumatra Island in  the western-
ost part of the Indonesian archipelago. It  was the most severely

ffected area during the earthquake and tsunami disaster of 26
ecember 2004. The incidence of registered dengue cases in Aceh

ncreased significantly from 2.76 per 100,000 population in 2003 to
6.66 per 100,000 in 2014 (Depkes RI, 2012; Kemenkes RI,  2015). A
eport by the Provincial Health Office indicated that the total num-
er of registered dengue cases in  Aceh was 2208 in  2014 (Provincial
ealth Office, 2015). Aceh has 23 regencies (Kabupaten/Kotamadya)
ith an estimated population of 4,906,800 in 2014 (BPS, 2015). To

epresent the population, nine regencies were randomly selected
Aceh Tengah, Aceh Besar, Aceh Utara, Aceh Singkil, Aceh Selatan,
ceh Timur, Aceh Tamiang, Langsa and Sabang). As a minimal sam-

le size, 385 participants were required based on the following
ssumptions: (a) 50% vaccine acceptability rate; (b) 5% margin of
rror; and (c) 95% confidence level. The participants were selected
ased on a  judgmental sampling method.
a 166 (2017) 249–256

2.2. Study design and instruments

To assess the WTP for a  dengue vaccine and its potential
explanatory variables, a cross-sectional survey of  communities was
conducted from November 2014 to March 2015. To facilitate the
interviews, a set of questionnaires adopted from previous stud-
ies was used (Abdullah et al., 2013; Dhimal et al., 2014; Filmer
and Pritchett, 1999; Hadisoemarto and Castro, 2013). The ques-
tionnaires had been developed to  measure participants’ WTP  for
a dengue vaccine and to collect information on their demographic
background, economic status, history of past episodes of DF,  knowl-
edge, attitude and practice (KAP) regarding dengue, and attitude
towards vaccination practice. To validate the research instrument,
a pilot study to assess the reliability of the questionnaires was con-
ducted in two regencies of Aceh province (Aceh Barat Daya and
Aceh Pidie Jaya) prior to  the survey. The reliability of  question-
naires for the KAP domain and other domains used in this study
was reported elsewhere (Harapan et al., 2016a).

2.3. Study variables

2.3.1. Response variable
To assess the WTP  for a dengue vaccine, it was  hypothesized that

a safe and fully protective dengue vaccine against dengue viruses
was available. To determine the amount of money that participants
would be willing to pay for a  dengue vaccine, a  list of dengue vaccine
prices was  provided in  interval (the median: free; 10,000; 17,500;
37,500; 62,500; 87,500; 150,000 and 200,000 Indonesian Rupiah
[IDR], equivalent to US-$ 0.73, 1.28, 2.75, 4.58, 6.41, 11.00 and 14.66,
using a  May  2016 exchange rate). For the analysis presented in
this article, the median of the intervals and US-$ values were used.
The participants were asked to answer whether they were “very
likely”, “likely”, “undecided”, “unlikely” or “very unlikely” to buy
the vaccine at each particular price, in  an ascending manner. This
technique was  a modification of the model proposed previously
(Blomquist et al., 2009). If the participant refused to accept the free
dengue vaccine, the interview was terminated. If the participant
accepted the dengue vaccine and was  willing to  pay the lowest
price (US-$ 0.73), the price was then increased until the participant
was no longer willing to  pay, i.e., “unlikely” or “very unlikely” as
answer were reached. The WTP  was  defined as the highest accepted
price, i.e., the highest price the participants said they were still “very
likely” or “likely” willing to  pay.

2.3.2. Explanatory variables
a  Demographic data and personal history of past dengue fever

The basic demographic background such as age, gender, edu-
cational attainment, type of occupation, marital status, monthly
income and type of residence were collected. The date of birth was
recorded and converted into actual age. The educational attainment
was defined as the highest level of formal education completed.
Five general types of occupation were assigned to  classify occu-
pation based on the main job of the participants: (1) farmer; (2)
civil servant; (3) private sector employee; (4) entrepreneur (owned
a small-scale business, or  traders in  the market) and (5) student
or university student. Monthly income was  defined as the aver-
age amount of money earned by participants each month. Type
of residence was  divided into city (located in the capital city of a
district [kecamatan] or  regency [kabupaten]) and suburb (located
in the villages [desa]). Inhabitants of the cities mostly worked as

civil servants, in  the market or had their own  small business while
inhabitants of the suburbs mostly worked as farmers. In  addition,
the participants’ history of previous episodes of DF, and having
family members who had suffered from DF, were also collected.
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 Economic status

To collect data on their economic status, fifteen household assets
wned by  participants such as electronic devices, motorcycle, car,
nd characteristics of the house were recorded. The full list of
hese household assets was published elsewhere (Harapan et al.,
016a,b). The ownership of these assets was used to  construct an
sset index based on Principal Component Analysis (PCA) (Filmer
nd Pritchett, 1999).

 Knowledge, attitude and practice regarding dengue

A set of questionnaires was adapted from previous studies
Abdullah et al., 2013; Dhimal et al., 2014; Hadisoemarto and
astro, 2013) and used to assess KAP domain regarding dengue.
he knowledge domain was divided into two parts: knowledge
egarding dengue viruses (transmission, vector and prevention)
nd knowledge regarding DF (signs and symptoms of DF) with 15
nd 13 questions, respectively. The possible responses to  all ques-
ions within the knowledge domain were “yes” or “no.” Each valid
esponse was given a  score of one, whereas an incorrect response
as given a  score of zero. To measure the attitude domain, the
articipants were asked to  respond to  the 15 attitude questions or
tatements related to dengue, on a  five-point Likert-like scale rang-
ng from “strongly agree” to “strongly disagree”. A score of one to
ve could be achieved for each statement. To measure the practice
omain, the participants were asked 16 questions related to mea-
ures they were taking to eliminate mosquito breeding sites and
o prevent mosquito-man contact. Each valid response was given

 score of one, whereas an incorrect response was given a  score of
ero. For each of the KAP domains presented, a  higher score indi-
ated a  better knowledge, a  more positive attitude and a better
reventive practice, respectively.

 Attitude towards vaccination practice

Five statements related to vaccine safety and benefits and
ractices related to vaccination, modified from a previous study
Hadisoemarto and Castro, 2013), were used to measure the atti-
ude towards vaccination practice. The possible responses were
ecorded on a five-point Likert-type scale ranging from “strongly
gree” to  “strongly disagree.” A score of one to five could be received
or each statement with higher scores indicating a  more positive
ttitude.

.4. Ethical considerations

Ethical approval for this study was obtained from the Ethi-
al Clearance Committee of the School of Medicine, Syiah Kuala
niversity, Banda Aceh, Indonesia. Participation in  this study
as voluntary, and participants received no incentive. Written

nformed consent was obtained from all participants prior to enrol-
ent.

.5. Statistical analysis

The scores for the KAP regarding dengue and for attitude
owards vaccination practice were computed as the sum of the
esponse scores within each domain. Additive scale scores ranged
rom 0 to  28, 15 to 75 and 0 to  16 for the KAP domains, respectively,
nd from 5 to 25 for attitude toward vaccination practice. For sta-
istical analysis, the level of these domains was  dichotomized into

good” and “poor” based on an 80% cut-off point from the possible
aximum score.
The asset index for economic status was calculated based on

CA (Filmer and Pritchett, 1999) which summarized the informa-
a 166 (2017) 249–256 251

tion contained in  asset variables to a  smaller number of mutually
orthogonal components of the data. The first principal component
captured the most common variation among them and was  used
as the index of the underlying variables. The asset index (the first
principal) was then used to  classify the economic status into five
quintiles: the 1st quintile representing the poorest and the 5th
quintile representing the least poor. The first principal explained
21.99% of the variance of the data.

To assess the explanatory variables influencing participants’
WTP  for a dengue vaccine, a  linear regression analysis was
employed. This analysis is widely accepted and has been used in
previous studies in  the context of different vaccines (Birhane et al.,
2016; Hansen et al., 2013; Sauerborn et al., 2005). Several stages
were conducted prior to a final multivariate linear regression anal-
ysis. First, diagnostic procedures were performed to check how well
the data met  the linear regression assumptions using the multivari-
ate model. Variance Inflation Factor (VIF) (O’Brien, 2007), Lagrange
multiplier test (Breusch, 1978), Glejser test (Glejser, 1969)  and
Kolmogorov-Smirnov test (Yap and Sim, 2011) were used to assess
the multicollinearity, autocorrelation, heteroscedasticity and nor-
mality assumption, respectively. A VIF lower than 10 and tolerance
value (1/VIF) of greater than 0.1 were used as a  cut-off point to
indicate that there was  no multicollinearity between variables. A
p-value greater than 0.05 in the Lagrange multiplier, Glejser, and
Kolmogorov-Smirnov tests was used as a  cut-off point to indicate
that there was no autocorrelation and heteroscedasticity, and to
indicate normal distribution of residuals, respectively. Our initial
diagnostic step indicated that the data violated two linear regres-
sion assumptions: the heteroscedasticity and normality.

Second, since the data violated two linear regression assump-
tions, an attempt to attain the validity of these assumptions was
made using a  function of natural logarithm (Ln) transformation of
WTP  values. After transformation, we found that our  new multivari-
ate model met  all assumptions. The VIF  scores ranged from 1.130 to
5.408 and the tolerance scores from 0.185 to 0.888 indicating that
no multicollinearity was observed between the explanatory vari-
ables. None of the p-values for Lagrange multiplier or Glejser tests
were lower than 0.05 and therefore no autocorrelation and het-
eroscedasticity existed. In addition, a p-value of 0.078 was found in
the Kolmogorov-Smirnov test indicating a normal distribution of
residuals.

Third, we examined the relation between the explanatory vari-
ables and transformed WTP  using the new multivariate linear
regression model. Because this study was  an exploratory study, all
explanatory variables that were significant at P <  0.25 in the initial
multivariate linear regression model were retained and included
in the final linear regression model. The P < 0.25 cut-off point
was used as proposed previously (Dhimal et al., 2014; Koenraadt
et al., 2006). Two-step linear regression analysis was used to
ensure that all important explanatory variables were included in
the final model. The coefficient and its corresponding 95% confi-
dence interval (95% CI) and the direction of the linear association
between explanatory and response variable were determined from
the transformed model. In addition, the association between an
explanatory and response variable was interpreted in relation to
one of the categories designated as reference category. In our
model, each predicted value of Ln WTP  is  in natural log scale and
should follow a  normal distribution.

Finally, the mean estimated WTP  in  US-$ and its 95% CI were

calculated as Exp
(

X�̂ +  �̂/2
)

where the �̂ and �̂2 were estimated

regression coefficients and the mean squared error (MSE) of  the

multivariate regression model, respectively (Feng et al., 2014). For
instance, for the final multivariate model, the mean estimated WTP
in US-$ for participants who had good attitude towards vaccina-
tion practice was  Exp

(
0.249 +

(
1.097/2

))
=  US-$ 2.21. All  analyses
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Table 1
Descriptive statistics of study respondents (N = 544).

Variable N (%)

Age group (year)
17–29 266 (48.9)
30–44 198 (36.4)
45–59 72 (13.2)
60–84 8 (1.5)

Sex
Male 168 (30.9)
Female 376 (69.1)

Education
Primary school 57 (10.5)
Junior high school 32 (5.9)
Senior  high school 213 (39.2)
Diploma 106 (19.5)
University graduate 136 (25.0)

Occupation
Farmer 110 (20.2)
Civil servant 144 (26.5)
Private employee 71 (13.1)
Entrepreneur 105 (19.3)
Student/university student 114 (21.0)

Marital status
Unmarried 205 (37.7)
Married 319 (58.6)
Widowed 20 (3.7)

Monthly income (Indonesian Rupiah)
<1  million 276 (50.7)
1  − ≤ 2 million 115 (21.1)
2  − ≤ 3 million 86 (15.8)
>3  million 67 (12.3)

Type of residence
Suburb 387 (71.1)
City 157 (28.9)

Having family member(s) who suffered from dengue fever
Yes 108 (19.9)
No 436 (80.1)

Having personally experienced dengue fever
Yes 48 (8.8)
No 496 (91.2)

Economic status
Poorest quintile 107 (19.7)
2nd 110 (20.2)
3rd 109 (20.0)
4th 111 (20.4)
Richest quintile 107 (19.7)

Knowledge of dengue viruses
Poor 279 (51.3)
Good 265 (48.7)

Knowledge of dengue fever
Poor 352 (64.7)
Good 192 (35.3)

Attitude towards dengue
Poor 394 (72.4)
Good 150 (27.6)

Preventive practice against dengue
Poor 366 (67.3)
Good 178 (32.7)

Attitude towards vaccination practice
Poor 441 (81.1)
ig. 1. Relationship between the presented price and proportion of participant who
re  willing to pay a  dengue vaccine in Aceh, Indonesia.

ere performed using Statistical Package for the Social Sciences
oftware (SPSS for Windows, Version 15, Chicago, USA).

. Results

.1. Willingness to pay for a  dengue vaccine

Data of 544 participants who provided complete information
ere included for analysis. The characteristics of the participants

re presented in Table 1. We  found that 509 participants were will-
ng to accept a  dengue vaccine, i.e., 6.4% (35/544) of the participants

ere unwilling to  accept a dengue vaccine even if the vaccine was
rovided for free. In addition, 6.1% (33/544) stated that they would
ccept the vaccine only if it was provided for free. Therefore, only
76 participants (87.5% of those with complete data) who were
illing to  pay for a dengue vaccine were included in the final anal-

sis.
The mean and median amounts of money the participants

ere willing to pay for a  dengue vaccine were US-$ 4.04 (95% CI:
.86–4.23) and US-$ 3.97 (95% CI: 3.74–4.23), respectively. Our J-
haped distribution revealed that more than 93.5% (509/544) of the
otal participants were willing to  accept a  dengue vaccine when it
as provided for free (Fig. 1). This percentage started to decrease to

pproximately 87.5% (476/544) as the vaccine price went to US-$
.73, and decreased constantly to  58.45% and 32.90% for US-$ 2.75
nd US-$ 11.00, respectively. At the highest price provided (US-$
4.66), 29.77% (162/544) of the participants were still willing to pay
or the dengue vaccine.

.2. Factors associated with the willingness to pay for a  dengue
accine

The initial linear regression model revealed that age, gender,
ccupation, type of residence, having a personal history of DF,
conomic status, knowledge of dengue viruses, knowledge of DF,
ttitude towards dengue and preventive practice against dengue
ere to  some degree associated with the WTP  (P <  0.25) (Table 2). As

his study was an exploratory study, all these explanatory variables
ere included in the final linear regression model.

Our final multivariate model revealed that occupation, type of
esidence, knowledge of dengue viruses, attitude towards dengue,
nd preventive practice against dengue were strongly associated
ith the WTP  (P < 0.05) (Table 3). Participants who were working
s civil servants and those living in  the city had a  higher WTP com-
ared to farmers, entrepreneurs and private employees and those

iving in suburbs (higher approximately US-$ 2.66 and US-$ 2.76,
espectively). In addition, participants who had good knowledge of
Good 103 (18.9)

dengue viruses, good attitude towards dengue and good preven-
tive practice against dengue also had a higher WTP  approximately

US-$ 2.18 [95% CI:  0.12–4.23], US-$ 2.43 [0.37–4.48] and US-$ 2.18
[0.12–4.23], respectively compared to  reference group. Age, sex,
having a  personal history of DF, economic status, knowledge of
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Table  2
Factors associated with the willingness to pay for a dengue vaccine (N = 476).

Parameter Unstandardized coefficients US-$  estimate P-value

B 95% CI  of B SE Mean 95% CI

Lower Upper Lower Upper

Intercept 0.694 0.084 1.303 0.310 3.484 1.415 5.554 0.026

Age  (18–29 years)
30–44 −0.230 −0.525 0.064 0.150 1.383 −0.687 3.452 0.125
45–59 −0.001 −0.397 0.395 0.202 1.739 −0.330 3.809 0.996
60–84  0.215 −0.608 1.038 0.419 2.158 0.089 4.228 0.608

Sex  (Male)
Female 0.160 −0.059 0.380 0.112 2.044 −0.025 4.113 0.152

Education (Primary school)
Junior high school −0.171 −0.687 0.345 0.262 1.468 −0.602 3.537 0.516
Senior  high school 0.011 −0.413 0.434 0.216 1.760 −0.309 3.829 0.960
Diploma  −0.011 −0.505 0.483 0.251 1.722 −0.348 3.791 0.965
University graduate 0.272 −0.230 0.775 0.256 2.286 0.217 4.356 0.287

Occupation (Farmer)
Civil servant 0.436 −0.006 0.878 0.225 2.693 0.624 4.763 0.053
Private  employee 0.164 −0.310 0.638 0.241 2.051 −0.018 4.120 0.497
Entrepreneur 0.197 −0.167 0.562 0.186 2.121 0.052 4.191 0.288
Student/university student 0.365 −0.094 0.824 0.234 2.508 0.439 4.578 0.119

Marital  status (Unmarried)
Married −0.118 −0.425 0.189 0.156 1.548 −0.522 3.617 0.451
Widowed −0.232 −0.818 0.353 0.298 1.380 −0.689 3.449 0.436

Monthly income (<1 million IDR)
1- < 2 million IDR 0.070 −0.206 0.347 0.141 1.868 −0.201 3.938 0.617
2–  ≤ 3 million IDR 0.024 −0.335 0.383 0.183 1.783 −0.286 3.853 0.895
>3  million IDR 0.193 −0.238 0.624 0.219 2.112 0.042 4.181 0.380

Type  of residence (Suburb)
City 0.442 0.206 0.677 0.120 2.708 0.638 4.777 0.000

Having  family member(s) who suffered from dengue −0.061 −0.332 0.209 0.137 1.637 −0.432 3.707 0.655
Having  personally experienced dengue fever 0.262 −0.127 0.650 0.198 2.262 0.192 4.331 0.186

Economic status (Poorest quintile)
2nd  −0.110 −0.439 0.220 0.168 1.560 −0.509 3.630 0.514
3rd  −0.248 −0.586 0.089 0.172 1.358 −0.711 3.428 0.149
4th  −0.219 −0.569 0.130 0.178 1.398 −0.671 3.467 0.218
Richest quintile −0.326 −0.711 0.059 0.196 1.257 −0.813 3.326 0.097

Good  knowledge of dengue viruses 0.184 −0.036 0.403 0.112 2.092 0.022 4.161 0.101
Good  knowledge of dengue fever −0.124 −0.336 0.087 0.108 1.538 −0.532 3.607 0.248
Good  attitude towards dengue 0.306 0.064 0.549 0.123 2.365 0.296 4.434 0.013
Good  preventive practice against dengue 0.225 0.012 0.438 0.108 2.180 0.110 4.249 0.039
Good  attitude towards vaccination practice 0.234 −0.051 0.518 0.145 2.199 0.130 4.268 0.107
Mean  squared error (MSE) 1.109
F value 3.931 (P <  0.001)
R2 0.209

CI: confidence interval.
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DR: Indonesian rupiah.
S-$: United States dollar.
E: standard error.

F and attitude towards vaccination practice had no significant
ssociation with the WTP.

. Discussion

This study was conducted to assess the WTP  for a  hypotheti-
al dengue vaccine and its associated determinants among healthy
ommunity members in nine regencies of Aceh province, Indonesia.
he mean amount participants of our study were willing to  pay was
S-$ 4.04. A higher WTP  was positively associated with living in the
ity, working as a  civil servant, and having a  good knowledge on
engue viruses, a good attitude towards dengue and good preven-

ive practice against dengue. These findings are comparable with
hose from previous studies in  Bandung, Indonesia (Hadisoemarto
nd Castro, 2013), the Philippines (Palanca-Tan, 2008), Vietnam,
hailand and Colombia (Lee et al., 2015). We  were surprised to see
that the mean WTP  and the percentage of participants willing to  pay
the highest vaccine price were higher in Aceh than in the econom-
ically more prosperous city of Bandung (Hadisoemarto and Castro,
2013). However, the WTP  in Aceh was lower than in  the Philippines
(Palanca-Tan, 2008), Vietnam, Thailand and Colombia (Lee et al.,
2015). It seems that these differences are not directly influenced by
the  per capita Gross Domestic Product (GDP) of  the regions (BPS,
2016)  or per capita GDP of these countries (World Bank, 2016) but
rather by the direct income of the households. Although our study
indicated that monthly income and economic status had no associ-
ation with WTP, a  previous study reported that household income
was one of the most important determinants of  a  higher WTP (Lee

et al., 2015). Comparisons across these studies are however dif-
ficult because they used different hypothetical scenarios (e.g., of
vaccine effectiveness, protection time, dose, administration proce-
dure) and different vaccine prices because the exact price was not
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Table 3
Final model of factors associated with the willingness to  pay for a  dengue vaccine (N =  476).

Parameter Unstandardized coefficients US-$ estimate P-value

B 95% CI of B SE Mean 95% CI

Lower Upper Lower Upper

Intercept 0.653 0.253 1.053 0.204 3.324 1.267 5.382 0.001

Age  (Other age groups)
30–44 −0.290 −0.509 −0.072 0.111 1.294 −0.763 3.351 0.009

Sex  (Male)
Female 0.136 −0.072 0.345 0.106 1.982 −0.075 4.040 0.199

Occupation (Farmer, entrepreneur, private employee)
Civil servant 0.433 0.195 0.671 0.121 2.667 0.610 4.724 0.000
Student/university student 0.229 −0.037 0.496 0.136 2.176 0.118 4.233 0.091

Type  of residence (Suburb)
City 0.469 0.246 0.693 0.114 2.766 0.708 4.823 0.000

Having personally experienced dengue fever 0.202 −0.143 0.548 0.176 2.118 0.060 4.175 0.251

Economic  status (Poorest and 2nd quintile)
3rd  −0.248 −0.586 0.089 0.172 1.358 −0.711 3.428 0.149
4th  −0.115 −0.384 0.154 0.137 1.543 −0.515 3.601 0.402
Richest  quintile −0.086 −0.351 0.178 0.135 1.587 −0.471 3.644 0.522

Good  knowledge of dengue viruses 0.231 0.025 0.437 0.105 2.180 0.122 4.237 0.028
Good  knowledge of dengue fever −0.114 −0.318 0.089 0.104 1.543 −0.515 3.600 0.271
Good  attitude towards dengue 0.340 0.105 0.576 0.120 2.431 0.374 4.488 0.005
Good  preventive practice against dengue 0.232 0.024 0.440 0.106 2.182 0.124 4.239 0.029
Good  attitude towards vaccination practice 0.249 −0.028 0.526 0.141 2.218 0.161 4.276 0.078
Mean  squared error (MSE) 1.097
F  value 7.727 (P  <  0.001)
R2 0.190
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I: confidence interval.
S-$: United States dollar.
E: standard error.

nown when the studies were conducted. In addition, the cultural
nd social backgrounds of respondents could also influence their
TP.
Our study revealed that neither age, gender, educational attain-

ent, marital status, monthly income, personal history of DF nor
conomic status had an association with the WTP of participants.
n  a dengue vaccination context, previous studies also found that
ge (Palanca-Tan, 2008; Lee et al., 2015), gender (Hadisoemarto
nd Castro, 2013; Palanca-Tan, 2008), educational attainment
Hadisoemarto and Castro, 2013; Lee et al., 2015), knowing a  person
ho had had DF (Hadisoemarto and Castro, 2013; Lee et al., 2015),

r having family members who had suffered from DF (Palanca-Tan,
008) had no or  no consistent association with WTP. The summary
f the factors and their association with WTP  for a dengue vac-
ine are presented in Table 4.  In other vaccination contexts, age
Sauerborn et al., 2005; Slunge, 2015; Udezi et al., 2010), gender
Birhane et al., 2016; Udezi et al., 2010), marital status (Sauerborn
t al., 2005; Udezi et al., 2010), educational attainment (Sauerborn
t al., 2005; Slunge, 2015; Udezi et al., 2010;), or a  history of pre-
ious infection (Hou et al., 2014; Udezi et al., 2010)  had no or no
onsistent effect on WTP, either.

Interestingly, there was no association between the monthly
ncome or economic status and the WTP of our study population. In
revious studies, per capita income and economic status had posi-
ive associations with the WTP  for a dengue vaccine (Hadisoemarto
nd Castro, 2013; Lee et al., 2015; Palanca-Tan, 2008)  or other vac-
ines (Birhane et al., 2016; Sauerborn et al., 2005; Slunge, 2015)
ndicating that individuals with a higher income can afford a more
xpensive vaccine. However, a study on a  hypothetical malaria

accine in Nigeria found income to be negatively associated with
he WTP  for this vaccine (Udezi et al., 2010). There are, at least
wo possible explanations for these observations. First, the socio-
conomic variables might behave differently across countries due
to  the diverse contexts of specific local situations. Second, these
findings might be due to the high proportion of participants stat-
ing  their WTP the highest vaccine price in the list (Fig. 1), possibly
because this price was  still substantially lower than the WTP  of
those participants.

As  expected, we found participants working as civil servants
and living in the cities to have a higher WTP  compared to those
working as farmers and living in the suburbs. Previous studies
found that employment status was  not associated with the WTP
for other vaccines (Birhane et al., 2016; Hou et al., 2014; Udezi
et al., 2010), possibly because the local situations are different. It
should be noted that we found no difference in  WTP between farm-
ers and participants with other types of occupation, except civil
servants. In  the context of Aceh and Indonesia in general, civil ser-
vants (i.e., individuals working in  the government sectors) have a
higher socioeconomic status, a  higher educational attainment and a
better KAP regarding dengue (Harapan et al., 2016c). In our present
study we found that knowledge on dengue viruses (a component
of knowledge regarding dengue), attitude and practice regarding
dengue are predictor factors for a  higher WTP. This, in part, explains
the higher WTP  among civil servants who are  living in  the cities.

In addition, those with good knowledge of dengue were willing
to pay more for a  dengue vaccine. This supports previous find-
ings from Bandung, Indonesia, showing that parents with the best
knowledge of dengue had a  significantly higher WTP  for a  pedi-
atric dengue vaccine compared to parents with the least knowledge
(Hadisoemarto and Castro, 2013). An association of good knowl-
edge regarding the disease with a  higher WTP were also observed
for other vaccines such as rabies vaccine in the Philippines (Birhane

et al., 2016), and pneumococcal and influenza vaccine in  China
(Hou et al., 2014). A possible explanation for this is that good
knowledge will produce better behavior and improve the attitude
towards vaccination. Good behavior and positive attitude towards
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Table  4
Summary of studies regarding willingness to  pay for a dengue vaccine and associated factors.

Variables Present study Hadisoemarto and Castro (2013)a Lee et al. (2015)b Palanca-Tan (2008)c Palanca-Tan (2008)d

Location Aceh, Indonesia Java, Indonesia Vietnam Thailand Colombia Manila Manila
Mean  WTP 4.0 2.6 24.5 47.2 30.3 27.1–32.3 55.6–68.6
Median WTP  3.9 1.9 8.7 23.3 7.5 20.0−30.0 60.0
Dengue vaccine price – – Yes Yes Yes Yes Yes
Age Yes Yes Yes No No Yes No
Gender No No No No No Yes No
Education No Yes Yes No Yes –  –
Know previous dengue

cases
No No Yes No No No No

Previous vaccine
purchase

– – Yes – No –  –

Income No – Yes Yes Yes Yes Yes
Economic status No Yes – – – –  –
Knowledge of dengue Noe No – – – No No
Attitude towards dengue

(dengue seriousness)
Yes – No No Yes –

Attitude to  vaccination No No – – – –  –
Practice against dengue Yes No Yes No No Yes Yes

a Analysis based on  scenario: the vaccine was 100% safe and protective against dengue and required a  single dose (injection).
b Analysis based on  scenario: the vaccine had 70–95% efficacy for 10–30 years, had no side effect, was  safe and required three doses in six  months interval (injection). The

mean  and median of WTP  were parametric estimates (per dose).
c Analysis based on scenario: the vaccine was completely safe, had no  side effects, available as an injection or oral drops and 100% protective against all four serotypes of

dengue  viruses for 1 year. The mean and median of WTP were non-parametric estimates.
s, avai
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d Analysis based on scenario: the vaccine was completely safe, had no  side effect
engue  viruses for 10 year. The mean and median of WTP  were non-parametric est
e Combination between knowledge of dengue viruses and knowledge of dengue 

accination, in  turn, are two important factors for the WTP  for
 vaccine. However, in  other studies knowledge had no correla-
ion with the WTP for a dengue vaccine (Palanca-Tan, 2008), an
nfluenza vaccine (Worasathit et al., 2015) and a  tick-borne disease
accine (Slunge, 2015). There are, at least, two possible expla-
ations for these different findings. First, knowledge may  play a
ifferent role for the WTP as different vaccinations are influenced
y different factors. Second, the measured knowledge might have
o direct association with WTP. In this study, for example, not
ll knowledge regarding dengue was associated with WTP. Only
nowledge on dengue viruses (how dengue viruses are transmit-
ed, the vectors of dengue viruses, and how to prevent infection
ith dengue viruses) was associated with the WTP while knowl-

dge on DF (knowing signs and symptoms of DF) had no association.
herefore, it could be  essential to  include this information when
esigning information packages for dengue vaccine introduction
rograms, in order to improve the acceptance and the WTP  in the
uture.

Furthermore, we  found that both good attitude and good pre-
entive practices against dengue were associated with a  higher
TP. In the dengue vaccine context, two previous studies did not

ssess the role of attitude towards dengue on WTP  (Hadisoemarto
nd Castro, 2013; Udezi et al., 2010) while another found that the
erceived seriousness of dengue was not  associated with WTP  (Lee
t al., 2015). However, the evidence shows that there is an associa-
ion between [the attitude towards, and perception of a  disease]
nd [vaccination behavior and WTP] (Slunge, 2015; Worasathit
t al., 2015). Attitude towards dengue was also associated with atti-
ude towards dengue vaccination practice (Harapan et al., 2016d).
he association of practice regarding dengue with WTP  for a  dengue
accine had been explored in two previous studies (Hadisoemarto
nd Castro, 2013; Palanca-Tan, 2008). Interestingly, dengue pre-
ention measures were associated with WTP in  Manila, Philippines
Palanca-Tan, 2008), while no such association was found in  Ban-
ung, Indonesia (Hadisoemarto and Castro, 2013), possibly because

engue prevention practices in the communities are influenced
ainly by  local tradition and culture (Dhimal et al., 2014). Further-
ore, in Manila, both knowledge and practice regarding dengue

ad no association with WTP  (Palanca-Tan, 2008), while in  Ban-
lable as an injection or oral drops and 100% protective against all four serotypes of
.

dung (Hadisoemarto and Castro, 2013) and in  our present study,
they were both associated with WTP.

There was a relatively large fraction of participants (29.77%) who
were willing to  purchase dengue vaccine at the highest price pro-
vided (US-$ 14.66) indicating that there could be a  market for the
vaccine. However, in  the Indonesian context, approximately 45% of
the population is  not covered by any health insurance, and social
insurance schemes in Indonesia do  not usually cover vaccination
services (Hadisoemarto and Castro, 2013). Therefore, the provision
of partially or  fully subsidized vaccines will be necessary to  achieve
a high vaccination coverage.

It is  important to  note the methodological limitations of this
study. First, to measure the maximum amount of  money that a
respondent would be willing to pay for a  dengue vaccine, the
interviewers went through a  list of vaccine prices in an ascend-
ing manner starting from a  free vaccine bid. This might have caused
an anchoring effect bias and therefore a  risk of  underestimating the
WTP. In the present study, although about 30% of  respondents were
willing to pay the dengue vaccine in the highest bid (US-$ 14.66),
a study in  Thailand, Vietnam and Colombia found a  much larger
fraction of respondents who  were willing to purchase vaccines at
higher price points (Lee et al., 2015). Therefore, it is  recommended
that similar future studies use a single or double bounded dichoto-
mous choice question, with different bid levels randomly assigned
to respondents. Second, the possibility of social desirability bias
cannot be excluded in which participants might tend to give favor-
able answers to some questions in the WTP  section. To minimize
the psychological pressure during the interview of this section, we
used a  five-point Likert-like scale ranging from “very likely” to “very
unlikely” rather than “yes” and “no”. Finally, “hypothetical bias”, the
risk that participants misstate their actual preferences in a  hypo-
thetical survey compared to a real-life situation (List and Gallet,
2001), is also a possibility.

5. Conclusion
Our study revealed that there were significant modifiable deter-
minants for WTP, including knowledge of dengue viruses, attitude
towards dengue and preventive practice against dengue. In addi-
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ion, a higher WTP  was associated with living in the city and
orking as a  civil servant, suggesting their suitability as market

argets for a dengue vaccine. However, to  increase the acceptance
nd WTP  of community members and to achieve a  high vaccina-
ion coverage, the provision of partially or fully subsidized vaccines
ombined with introduction programs to educate and encour-
ge households regarding dengue preventive measures (and to
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Abstract

Background

Dengue virus infection is the most rapidly spreading vector-borne disease in the world.

Essential research on dengue virus transmission and its prevention requires community

participation. Therefore, it is crucial to understand the factors that are associated with the

willingness of communities in high prevalence areas to participate in dengue research. The

aim of this study was to explore factors associated with the willingness of healthy commu-

nity members in Aceh province, Indonesia, to participate in dengue research that would

require phlebotomy.

Methodology/Principal Findings

A community-based cross-sectional study was carried out in nine regencies and municipali-

ties of Aceh from November 2014 to March 2015. Interviews using a set of validated ques-

tionnaires were conducted to collect data on demography, history of dengue infection,

socioeconomic status, and knowledge, attitude and practice regarding dengue fever. Two-

step logistic regression and Spearman’s rank correlation (rs) analysis were used to assess

the influence of independent variables on dependent variables. Among 535 participants,

less than 20% had a good willingness to participate in the dengue study. The factors associ-

ated with good willingness to participate were being female, working as a civil servant, pri-

vate employee or entrepreneur, having a high socioeconomic status and good knowledge,
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attitude and practice regarding dengue. Good knowledge and attitude regarding dengue

were positive independent predictors of willingness to participate (OR: 2.30 [95% CI: 1.36–

3.90] and 3.73 [95% CI: 2.24–6.21], respectively).

Conclusion/Significance

The willingness to participate in dengue research is very low among community members in

Aceh, and the two most important associated factors are knowledge and attitude regarding

dengue. To increase participation rate, efforts to improve the knowledge and attitude of

community members regarding dengue fever and dengue-related research is required

before such studies are launched.

Introduction
Dengue fever is a significant cause of morbidity and mortality especially among children, in
several Asian and Latin American countries and has globally gained in epidemiological impor-
tance in recent decades [1] with estimates of annual dengue infections as high as 390 million
and 128 countries reporting cases [2]. Community participation is vital for success in dengue
control, dengue prevention and dengue research [3]. Initiatives prevention program in Latin
Americas such as the integrated management strategy for dengue prevention and control
(IMS-Dengue) and integrated vector management (IVM) required community participation
[3]. A community based environmental management with community participation embed-
ded in a routine control programme was effective as indicated by a significant reduction of
dengue vectors in some regions [4,5]. Research on dengue also requires community participa-
tion in many ways. For example, active school absence based surveillance in Thailand [6,7]
and school-based versus community-surveillance program in Peru [8] were completed because
an adequate community participation. In addition, projects such as the establishment of bio-
banks, genetic and molecular epidemiology studies and dengue vaccine trials all depend on
adequate numbers of participants. However, the recruitment may not be a trivial task. The dif-
ficulty in recruiting participants in clinical study is well documented [9–11] and this has
resulted in cost increases, study completion and implementation delays, and statistical incon-
clusiveness [9–14]. Although general support of medical research seems high, less than half of
individuals are willing to donate blood when a specific request for donation and storage is
made [15].

Willingness to participate (WTP) surveys measure the willingness of research participants
to take part in a particular study and the associated factors [16]. The WTP surveys have been
conducted in various setting either in actual [17–20] or in hypothetical condition [18,21] and
for non-infectious [20,22–25] or infectious diseases [21,26–29]. However, most of those studies
did not require phlebotomy. A study found that the WTP rate in genetic research among
patients after with myocardial infarction varied greatly between 24 US hospitals, from 40% to
100% [23]. In addition, another study found that public WTP to donate the blood for long-
term storage and genetic research was 42% out of 3,130 research participants [30]. A study in
South Korea found that only 25% of the research participants were willing to participate in
clinical trials [31].

One factor that influences the WTP is the ethnic background of the participants. Studies
found that African-Americans and White Americans differ in their WTP in medical research
[19,32–34]. African-Americans were less likely to give a blood sample compared with White
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Americans [19,23,35]. Chinese participants were also less likely to donate blood for genetic
research compared to non-Chinese participants [36]. A systematic review of ten clinical
intervention studies revealed that Hispanics had a statistically significant higher WTP than
non-Hispanic whites [37]. In addition, it is well accepted that motivations for research partic-
ipation vary between participants of different cultural backgrounds [38,39]. Therefore an
effort have been made to identify the factors that promote and hinder the WTP in clinical
research among participants in the particular heritage [40]. As far to our best knowledge
there is no study conducted in Indonesia to assess the WTP in particular in the dengue
research setting.

Up to now, WTP has only very rarely been assessed for research on dengue. The only record
we found, from Puerto Rico, assessed the interest to participate in a dengue vaccine efficacy
trial [28] and revealed that barriers for participating in a vaccine trial included lack of informa-
tion on dengue vaccine candidates, lack of trust in new vaccines and trial procedures, and fear
of infection or other side effects.

In Indonesia, a dengue hyper-endemic country, all four dengue virus serotypes circulate in
at least 433 regencies or municipalities (84.7%) and more than 200 million people are at risk of
infection [41]. A recent nationwide study found that over half of children have been infected
by the age of 5 [42]. The incidence of dengue fever has rapidly increased from 0.05 in 1968 to
approximately 39.80 per 100,000 population in 2014 [41,43]. It is estimated that 30 million
dengue infections occur in Indonesia annually [2] with approximately 1% case-fatality rate
[44]. In Aceh, one of the high-prevalence provinces, there were 2,208 registered dengue cases
in 2014 (46.6 per 100,000 population) [41]. In the wake of coordinated dengue prevention pro-
grammes planned for this province, this study aimed to determine the factors that influence
WTP in dengue research that would require phlebotomy procedures among participating
healthy community members.

Material and Methods

Study site and design
The cross-sectional study was conducted in nine regencies or municipalities of Aceh province,
Indonesia (Aceh Besar, Aceh Selatan, Aceh Singkil, Aceh Tamiang, Aceh Tengah, Aceh Timur,
Aceh Utara, Langsa and Sabang), from November 2014 to March 2015. Validated question-
naires from previous studies [45–48] were used in interviewing participants. The question-
naires covered demographic data and the history of dengue virus infection among participants
and their family member(s), socioeconomic status (SES), and knowledge, attitude and practice
(KAP) regarding dengue. Prior to use in the actual study, the questionnaires were tested for
reliability among 30 participants in two regencies (Aceh Barat Daya and Aceh Pidie Jaya).
Cronbach’s alpha 0.7 was used as the minimal cut-off for good internal consistency [49,50]. In
addition, the normality of the data was analysed with the Kolmogorov–Smirnov test [51].

To represent the total population of Aceh (4,791,924 people in 2014) [52], 385 participants
were required as the minimum sample size based on the assumption that 50% of the partici-
pants had a good WTP with a 5% margin of error and 95% confidence level [53]. The recruit-
ment of participants was conducted using a stratified random sampling procedure. Nine out of
23 regencies and municipalities in Aceh were randomly drawn and participants were selected
from these nine areas using judgmental sampling procedure. Higher numbers of participants
were recruited from regencies with higher population numbers. Inclusion criteria were (1)
healthy inhabitant, (2) age more than 16 years, (3) at least three months of residence in the cur-
rent location, and (4) ability to communicate in Bahasa Indonesia.
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Measures
Dependent variable. The dependent variable consisted of behavioral intention as defined

by WTP in a dengue study that requires phlebotomy. To ascertain WTP in the dengue study,
participants were asked about their willingness to take part and to allow their family member
to take part in a dengue study that requires phlebotomy and donation of 2.5 ml of their blood
on the premise that they are infected with dengue virus. Each question had five possible
answers in a Likert-like scale indicating agreement. The scoring for the Likert-like scale was:
5 = Very likely, 4 = Likely, 3 = Undecided, 2 = Unlikely; and 1 = Very unlikely. Higher scores
reflected better WTP in the dengue study.

Independent variables. Demographic data of the participants including age, gender, edu-
cational attainment, type of occupation, religion, marital status, monthly income and type of
residence were collected. Age was measured by date of birth and then converted into actual
age. Education indicated the highest level of formal education completed. Occupation type was
divided into five types including farmer, civil servant (working in the government sector), pri-
vate employee (working in the private sector), entrepreneur (working as traders in traditional
markets or owning small-scale businesses) and student or university student. Monthly income,
the average of the money earned each month, was measured by asking the participants to
choose the closest amount of money from a list. Type of residence was divided into rural and
suburban areas. The history of dengue infection and having family member(s) who had suf-
fered from dengue fever were collected based on participants’ recollections.

The socioeconomic status (SES) of participants was measured using an asset index based on
Principal Component Analysis (PCA) [47]. The asset index was constructed based on the own-
ership of fifteen indicator assets and calculated as the sum of standardized asset scores multi-
plied by their respective factor loadings as proposed previously [48,54]. The quintiles of the
asset index were calculated and the participants classified into 1st (poorest) to 5th quintile (least
poor). The details indicator assets used are available in S1 Table.

To measure the knowledge of participants regarding the signs and symptoms of dengue
fever and the transmission of dengue virus, 28 questions were adapted from previous studies
[45,46]. Each correct answer from the possible responses (“yes” or “no”) was given a score of
one, and incorrect answers were scored zero. There was no “do not know” option. To measure
their attitude, participants were asked to respond to 15 questions from previous studies
[45,46,48] on a five-point Likert-like scale indicating their agreement from ‘‘5 = strongly agree”
to ‘‘1 = strongly disagree”. To assess preventive practices including the prevention of mos-
quito-man contact and elimination of mosquito breeding sites, 16 questions were adapted
from previous studies [45,46]. Correct answers were given a score of one and incorrect ones,
zero. Thus, higher KAP domain scores indicate better knowledge regarding dengue, more posi-
tive attitudes and better preventive practice. Details of questionnaires used for assessing KAP
regarding dengue fever are available in S2 Table.

Statistical analysis
The assessment of WTP and KAP domains was executed using a scoring system. The additive
scale score ranged from 2 to 10 for the WTP and from 0 to 28, 15 to 75 and 0 to 16, respectively,
for the three KAP domains. For each participant, scores for each question within the domain
were summed up to obtain a single value. To assess the effect of independent variables on the
dependent variable, two-step logistic regression analysis was used. For this, WTP and KAP
were defined as”good” or”poor” based on an 80% cut-off point. In the first step, all independent
variables were included in univariate logistic regression analysis. In the second step, since this
study was exploratory in nature, all explanatory variables that were associated with WTP with
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a P-value� 0.25 in the univariate analysis were entered into the multivariate logistic regression
analysis [46,55]. The estimated odds ratio (OR) was interpreted in relation to one of the catego-
ries designated as the reference category. Confounding factors were explored by observing the
difference between the crude OR from univariate analyses and the adjusted odds ratio (aOR) in
multivariate analyses as proposed previously [46].

Additional analyses were conducted to assess correlations betweenWTP and some indepen-
dent variables in the ratio scale data (SES and KAP scores) using Spearman’s rank correlation
(rs). Spearman’s rank correlation was chosen because our data were not normally distributed as
revealed by the Kolmogorov–Smirnov test. The confidence intervals for rs were calculated as
described previously [56]. All analyses were performed using Statistical Package for the Social
Sciences software (SPSS for Windows, Version 15, Chicago, USA).

Ethical approval
The study protocol was approved by the Institutional Review Board of the School of Medicine,
Syiah Kuala University, Banda Aceh, Indonesia. The aims, risks, and benefits of the study were
explained to each participant, and they were asked to sign a consent form prior to enrolment in
the study. Participants were also informed that they could quit at any time during the interview
session. After informed consent was obtained, the interviewers conducted the structured inter-
views. Participation in this study was voluntary and no incentive was given.

Results

Participant characteristics
In this study, 535 healthy community members from nine regencies and municipalities of
Aceh province were surveyed. Their characteristics are summarized in Table 1. The average
age of participants was 30.8 (17–70) years. The majority (66.9%) were living in suburban areas.
No participant was illiterate. More than a third (38.7%) had completed senior high school (12
years) and approximately a fifth (27.9%) had a university degree. Half of the respondents
earned less than 1 million Indonesian Rupiah (US $ 81) per month. Although only one-tenth
of the participants declared having personally experienced dengue fever, one-fifth declared that
family members had previously suffered from dengue fever. In addition, this study found that
more than 60% of participants had poor knowledge regarding dengue and approximately 70%
had poor attitude to dengue and poor preventive practices against dengue.

Willingness to participate in dengue study and associated factors
Only 102 participants (19.1%) had a good WTP in the proposed dengue study. Univariate
logistic regression analysis revealed that being female, working as a civil servant, private
employee, entrepreneur or student/university student, having high SES, and good KAP
domains were associated with good WTP (P< 0.05) (Table 1). Neither age group, education,
religion, marital status, monthly income, types of residence nor previous personal or family
experience with dengue fever were associated with WTP in dengue research.

Being female increased the odds of having a goodWTP approximately twice. Compared to
farmers, the odds of having a goodWTP increased if the participants were working as civil ser-
vants (OR: 2.84; 95% CI: 1.11–7.23), private employees (OR: 3.91; 95% CI: 1.48–10.35) or entre-
preneurs (OR: 3.44; 95% CI: 1.25–8.57). Participants grouped in the richest quintile had
increased odds of having a goodWTP compared to the poorest quintile (OR: 2.71; 95% CI:
1.04–4.35). As expected, the odds of having a goodWTP were increased among participants
who had good KAP domains (OR: 3.36 [95% CI: 2.15–5.24], 6.07 [3.83–9.63], 1.72 [1.72–2.70]).
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Table 1. Characteristics of participants and univariate logistic regression analysis showing predictors of willingness to participate (WTP) in a den-
gue study (good vs. poor) (n = 535).

Variable n (%) WTP score WTP (Good/Poor) Univariate logistic regression

OR (95% CI) P–value

Regency 0.734

Aceh Tengah (R) 65 (12.1) 7.12±2.06 12/53 1

Langsa 74 (13.8) 7.42±1.90 14/60 1.03 (0.44–2.42) 0.945

Aceh Besar 88 (16.4) 6.93±2.36 20/68 1.30 (0.58–2.89) 0.522

Aceh Utara 43 (8.0) 7.05±2.31 10/33 1.34 (0.52–3.44) 0.546

Aceh Singkil 49 (9.2) 7.12±2.02 9/40 0.99 (0.38–2.59) 0.990

Sabang 56 (10.5) 7.23±1.66 6/50 0.53 (0.18–1.52) 0.238

Aceh Timur 33 (6.2) 7.15±2.11 7/26 1.19 (0.42–3.38) 0.745

Aceh Selatan 67 (12.5) 6.36±2.40 10/57 0.77 (0.31–1.94) 0.586

Aceh Tamiang 60 (11.2) 7.43±1.95 14/46 1.34 (0.56–3.20) 0.503

Age group 0.273

17–29 (R) 289 (54.0) 6.97±2.26 63/226 1

30–44 179 (33.5) 7.24±1.94 31/148 0.75 (0.47–1.21) 0.241

45–59 60 (11.2) 7.08±1.93 7/53 0.47 (0.20–1.09) 0.080

60–84 7 (1.3) 7.42±1.90 1/6 0.60 (0.07–5.06) 0.637

Sex 0.023*

Male (R) 166 (31.0) 6.97±2.07 22/144 1

Female 369 (69.0) 7.13±2.14 80/289 1.81 (1.08–3.02)

Education 0.109

Primary (R) 34 (6.4) 6.85±1.79 3/31 1

Junior high school 31 (5.8) 6.39±2.14 1/30 0.34 (0.03–3.50) 0.368

Senior high school 207 (38.7) 6.93±2.18 39/168 2.40 (0.70–8.25) 0.165

Diploma 114 (21.3) 7.34±2.03 26/88 3.05 (0.86–10.80) 0.083

University graduate 149 (27.9) 7.28±2.13 33/116 2.94 (0.84–10.22) 0.090

Occupation 0.079

Farmer (R) 139 (26.0) 7.11±1.61 26/113 1

Civil servant 83 (15.5) 7.29±1.97 20/63 2.84 (1.11–7.23) 0.029*

Private employee 100 (18.7) 7.01±2.38 21/79 3.91 (1.48–10.35) 0.006*

Entrepreneur 80 (15.0) 7.07±2.14 6/74 3.28 (1.25–8.57) 0.015*

Student/university student 133 (24.9) 6.88±2.33 29/104 3.44 (1.36–8.70) 0.009*

Religion 0.999

Muslim (R) 528 (98.7) 7.07±2.13 102/426 1

Other 7 (1.3) 7.43±0.97 0/7 0.00 (0.00-NA)

Marital status 0.204

Unmarried (R) 228 (42.6) 6.98±2.28 51/177 1

Married 289 (54.0) 7.10±2.02 47/242 0.67 (0.43–1.05) 0.080

Widowed 18 (3.4) 8.0±1.08 4/14 0.99 (0.31–3.14) 0.989

Monthly income 0.137

<1 million (R) 270 (50.5) 7.02±2.16 56/214 1

1—� 2 million 108 (20.2) 6.77±2.13 15/93 0.61 (0.33–1.14) 0.126

2—� 3 million 88 (16.4) 7.10±2.02 13/75 0.66 (0.34–1.28) 0.220

> 3 million 69 (12.9) 7.74±1.94 18/51 1.35 (0.73–2.49) 0.338

Type of residence 0.598

Suburb (R) 177 (33.1) 7.16±2.14 36/141 1

City 358 (66.9) 7.04±2.11 66/292 1.13 (0.72–1.78)

(Continued)
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However, multivariate logistic regression analysis revealed that only knowledge and attitude
towards dengue were independent predictors of WTP (OR: 2.30 [95% CI: 1.36–3.90] and 3.73
[2.24–6.21], respectively) (Table 2).

Analysis with Spearman’s rank correlation confirmed that there was a weak association
between SES andWTP (rs = 0.09, P = 0.032) (Table 3). Spearman’s rank correlation analysis
also confirmed that the strongest predictor associated with WTP in dengue research were atti-
tude and knowledge regarding dengue with rs = 0.49 and rs = 0.19, respectively (P< 0.001),
while preventive practice against dengue had a weak association (rs = 0.13).

Discussion
The recruitment of participants for medical research is complex and challenging [14,57,58],
especially when studies are interventional or involve invasive sampling methods. Inability to
recruit required numbers of participants within a defined geographical setting or timeframe
may delay study completion and incur additional costs, or result in statistically inconclusive
outcomes [12–14]. For example, a study found that only 31% out of 114 UK trials funded by
two UK funding agencies (Medical Research Council and Health Technology Assessment)
achieved original recruited target and 45% recruited<80% of their target and 53% of trials
required an extension [14]. One of the reasons was fewer patients agreeing to participate than
expected [14]. In contrast, there are studies that have been and continue to be successful in

Table 1. (Continued)

Variable n (%) WTP score WTP (Good/Poor) Univariate logistic regression

OR (95% CI) P–value

Have family member(s) suffered from dengue? 0.213

No (R) 117 (21.9) 7.12±2.30 27/90 1

Yes 418 (78.1) 7.07±2.07 75/343 1.37 (0.83–2.26)

Have you personally suffered from dengue? 0.275

No (R) 48 (9.0) 7.44±2.10 12/36 1

Yes 487 (91.0) 7.04±2.12 90/397 1.47 (0.74–2.94)

Socioeconomic level 0.293

Poorest quintile (R) 107 (20) 6.86±1.99 14/93 1

2nd 107 (20) 6.90±2.18 22/85 1.71 (0.82–3.57) 0.147

3rd 107 (20) 6.91±2.15 18/89 1.34 (0.63–2.86) 0.444

4th 107 (20) 7.25±2.15 22/85 1.71 (0.82–3.57) 0.147

Richest quintile 107 (20) 7.48±2.07 26/81 2.71 (1.04–4.35) 0.038*

Knowledge regarding dengue fever <0.001**

Poor (R) 341 (63.7) 6.82±2.07 41/300 1

Good 194 (36.3) 7.54±2.12 61/133 3.36 (2.15–5.24)

Attitude towards dengue fever <0.001**

Poor (R) 381 (71.2) 6.68±2.06 39/342 1

Good 154 (28.8) 8.06±1.94 63/91 6.07 (3.83–9.63)

Preventive practice against dengue fever 0.018*

Poor (R) 377 (70.5) 6.96±2.11 62/315 1

Good 158 (29.5) 7.37±2.11 40/118 1.72 (1.10–2.70)

CI: confidence interval, OR: odds ratio, R: reference group

* Significant at 0.05

**Significant at 0.01

doi:10.1371/journal.pone.0159139.t001
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gaining the support and participation of the community in research on dengue for example
active school absence–based surveillance for dengue in Thailand [6], hospital-based participa-
tion in Hawaii [59] and school-based versus community-surveillance program in Peru [8].

Several factors including site-specific dengue epidemiology and cultural characteristics of
the study population are important for community participation [8]. Understanding the factors

Table 2. Multivariate logistic regression analysis showing predictors of willingness to participate
(WTP) in dengue study (good vs. poor) (n = 535).

Independent variable Attitude to research

aOR (95% CI) P–value

Sex 0.260

Male (R) 1

Female 1.40 (0.77–2.54)

Education 0.661

Primary (R) 1

Junior high school 0.97 (0.21–4.52) 0.972

Senior high school 1.35 (0.29–6.34) 0.701

Diploma 1.43 (0.33–6.24) 0.633

University graduate 0.43 (0.04–4.81) 0.494

Occupation 0.558

Farmer (R) 1

Civil servant 1.69 (0.48–5.95) 0.416

Private employee 1.41 (0.36–5.42) 0.621

Entrepreneur 2.39 (0.73–7.82) 0.149

Student/university student 1.63 (0.44–5.99) 0.462

Marital status 0.794

Unmarried (R) 1

Married 1.66 (0.37–7.36) 0.504

Widowed 1.04 (0.53–2.06) 0.905

Monthly income 0.185

<1 million (R) 1

1—� 2 million 1.13 (0.44–2.90) 0.791

2—� 3 million 0.54 (0.22–1.34) 0.183

> 3 million 0.54 (0.25–1.16) 0.117

Have family member(s) suffered from dengue? 0.145

No (R) 1

Yes 1.56 (0.86–2.82)

Knowledge regarding dengue fever 0.002*

Poor (R) 1

Good 2.30 (1.36–3.90)

Attitude towards dengue fever <0.001**

Poor (R) 1

Good 3.73 (2.24–6.21)

Preventive practice against dengue fever 0.373

Poor (R) 1

Good 1.28 (0.75–2.18)

CI: confidence interval, aOR: adjusted odds ratio, R: reference group

* Significant at 0.05

**Significant at 0.01

doi:10.1371/journal.pone.0159139.t002
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that are correlated with the WTP of a particular population is thus essential before one sets out
to conduct research that requires the participation of the members of that community. The
main aim of this study was to explore the extent of community support for dengue research in
Aceh, Indonesia. This support was measured by participants’ stated WTP in dengue research
that would involve donating 2.5 ml of their blood and allowing their family member(s) to do
the same if infected with dengue virus. The findings reported here have both practical and pub-
lic policy implications. From a practical perspective, they can be used to address modifiable fac-
tors that are correlated with poor WTP in order to increase participation. From a policy
perspective, public participation in dengue research is important because it facilitates the evi-
dence-based decision-making process and public acceptance of health policy derived there
from. This can only be achieved if community members are willing to participate in research.

This is the first study conducted to specifically explore WTP in dengue research in Indone-
sia and its related factors. The first study regarding WTP in dengue-related research anywhere
was reported from Puerto Rico where WTP in a dengue vaccine efficacy trial had been assessed
[28]. Basically, the concept of our study is similar to those on willingness to donate a blood
sample for genetic research. Therefore, the results can also be compared with those from such
studies [18,20,23,35,36,40,60,61].

Our study revealed that the percentage of participants with good WTP in dengue research
was very low, less than 20%. This willingness rate is much lower than those reported from
European and North American countries (60 to more than 90%) [18]. However, these compar-
isons should be interpreted with caution because the willingness rate represents the percentage
of respondents who had good WTP. The good WTP in the present study, however, is defined
as a cumulative WTP rate between the willingness of the participants to donate their own
blood and their willingness to allow their family member(s) to do the same if participants or
their family member(s) suffered from dengue infection. In addition, “undecided” participants
in our study were also classified as “poor WTP” because a cut-off point of 80% had been set. In
Asian countries, Singapore for example, approximately only 50% of participants were willing
to donate blood samples for genetic research [36]. Nationwide survey in South Korea found
that 25% of the participants were willing to participate in clinical trials [31]. This may be an
indication of differences in race, ethnicity or culture in the study participants [32–34,62].

In general the factors associated with WTP in dengue research were sex, occupation, SES,
and KAP domains. The univariate analysis found increasing odds of being willing to participate
in dengue research if participants were female, working as civil servant, private employee or
entrepreneur, had high SES or good KAP domains. While in multivariate analysis revealed that
only knowledge and attitude towards dengue were the independent predictors of WTP. The
observed high WTP in dengue research among women may be associated with more

Table 3. Correlation between willingness to participate (WTP) in dengue research, socioeconomic
status and knowledge, attitude and practice (KAP) regarding dengue (n = 535).

Variables Correlation (95% CI) P-value

Socioeconomic status—WTP 0.09 (0.02–0.16) 0.032*

Knowledge regarding dengue—WTP 0.19 (0.12–0.26) <0.001**

Attitude regarding dengue—WTP 0.49 (0.43–0.54) <0.001**

Preventive practice against dengue—WTP 0.13 (0.06–0.20) <0.001**

CI: confidence interval

* Significant at 0.05

**Significant at 0.01

doi:10.1371/journal.pone.0159139.t003
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pronounced altruism of women compared to men in Indonesia [63]. It is well known that
altruism is one of the most important factors for WTP in a medical research study [40,64–67].
A previous study also found that male was associated with high refusal in a genetic study that
required phlebotomy in US [20]. Interestingly, studies consistency found that gender had no
association with WTP toward blood donation and storage for genetic research in US
[30,68,69], Sweden [70] and in Singapore [36]. A study found that male however had higher
WTP in cancer genetics research in US [71]. These inconsistency findings explain, in part, why
gender was not a robust independent factor in the present study.

As expected, good knowledge and attitude regarding dengue were identified as positive pre-
dictors of WTP in dengue research. Our previous study revealed that there was a strong associ-
ation between good attitudes regarding dengue and good preventive practices against dengue,
and that there was a good translation of attitudes into preventive practice in Aceh [72]. There-
fore, the high rate of WTP among participants who had a good attitude regarding dengue
might reflect their efforts for dengue prevention. In addition, it has been reported that partici-
pants who have a high level of understanding (good knowledge) regarding a medical study are
more likely to have a positive attitude towards participation in a medical study [73]. A study in
South Korea found that good perception and high awareness concerning medical research
were identified as positive predictors of WTP in medical research [31]. Our study revealed that
good attitude regarding dengue was the strongest factor for good WTP. Similarly, a study on
willingness to donate an organ found a significant positive correlation with attitude [74]. Stud-
ies found that good attitude toward genetic research [70] and donation and storage of blood
specimens for genetic research [30] had strong association with high willingness to donate a
blood sample for research in Sweden and US, respectively. In Singapore, attitude characteristic
was also associated with willingness to donate blood for genetic study [36]. In addition, a good
attitude toward clinical trials had strong association with WTP in medical research [31]. Fur-
thermore, it has been well known that the lack of knowledge and awareness about medical
study is a significant barrier to participate in medical study [31,75]. Altogether, this under-
scores that knowledge and attitude of participants are the cornerstones for their successful
recruitment to a medical study. Therefore, higher enrolment rates could be achieved through
positively changing individual knowledge and attitude toward dengue fever and also attitude
toward participation dengue research studies such as a targeted educational approaches using
an educational video [29].

It was expected that the experience of participants or their families with dengue fever would
serve to increase a perception of one’s own vulnerability and therefore willingness to partici-
pate in research on the topic. For example, a study showed that knowing someone who suffered
from a particular illness was a very strong motivator for participation in related medical
research, stronger even than a personal history of that illness [16]. In addition, the history of
genetic disease had strong correlation with the willingness to donate a blood sample in Sweden
[70]. However, our study revealed that having a family member with a history of dengue fever
or a personal history of dengue fever did not increase the WTP in dengue research. A similar
finding was found from a couple studies in US [20] and Singapore [36] that family history of
the disease had no association with willingness to donate blood for genetic research. A possible
explanation from our previous study is that participants in Aceh who had personally suffered
from dengue fever had no significantly better knowledge regarding dengue fever [72].

Surprisingly, in this study, formal education level was not associated with WTP in dengue
research. A previous study also found that education was not an important factor for willing-
ness to participate in medical research in USA [16] and or to donate blood for genetic research
in some Singapore [36], US [20,35,68], and Sweden [70]. Furthermore, study also found that
there was no association between education andWTP to participate in vaccine clinical trial in
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Asian countries such as China [29], India [21] and South Korean population [31]. One of the
possible reasons is that, although formal education is associated with knowledge regarding den-
gue, it was not associated with attitude to dengue [72]. However, other studies did find that for-
mal education was correlated with WTP in medical research [76,77].

Limitations of this study include that WTP is only a behavioral intention and therefore may
not reflect or predict actual enrolment. Participants might be more likely to answer positively
about WTP due to a cultural tendency to exhibit pleasing behavior. Second, WTP in dengue
research may depend on factors other than demography and KAP regarding dengue. There-
fore, factors not measured in this study (e.g., financial incentive, trust, altruism) could affect
actual participation rates. Third, this study was unable to assess psychological barriers that
might affect WTP in dengue research.

To increase the WTP in dengue or other medical research, various strategies can be used.
First, efforts to increase the knowledge and attitude of community members regarding dengue
and basic information related to a specific medical study are necessary. In addition, it is impor-
tant to implement pre-consent education [78] during the enrolment of participants to enhance
pre-existing knowledge and improve WTP. Second, (financial) incentives should be considered
for increasing participation rates because this is a robust motivator for WTP [67]. In Singapore,
healthcare-related incentives like free medical check-ups seemed more preferred than money
[36]. In Indonesia, based on our dengue serosurveillance study (unpublished), we found that
the participation was highly increased when incentives were offered. Therefore, an offer of
incentives should be considered in dengue research study recruitment. Third, training for
recruiters is also important and should include how to frame the study information in a posi-
tive way. Finally, if possible, the dengue research should be embedded in a government pro-
gram because more community members may participate if the research is conducted by the
government compared to other parties [36].

Conclusion
This study found that the willingness to participate in dengue research was very low among
community members in Aceh. The two most important associated factors are the knowledge
and attitude of participants regarding dengue. Therefore, efforts to increase the knowledge and
attitude regarding dengue in the communities prior to conducting dengue-related research
may be critical for achieving sufficient participation rates.
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Abstract

Background: The aim of this study was to assess the knowledge and attitudes towards pregnancy-related issues of
Zika virus (ZIKV) infection among general practitioners (GPs), a frontline healthcare worker group, in Indonesia.

Methods: A cross-sectional, online survey assessing knowledge and attitudes towards ZIKV infection on multiple-item
scales was sent to GPs in the Sumatra and Java islands of Indonesia. The associations between independent factors
and either knowledge or attitude were assessed with logistic regressions. The correlation and association between
knowledge and attitude were estimated.

Results: We included 457 (53.7%) out of 850 responses in the analysis. Among these, 304 (66.5%) and 111 (24.2%)
respondents had a good knowledge and attitude, respectively. No demographic, workplace, professional
development, or experiential characteristics related to ZIKV infection were associated with knowledge. In the
multivariate analysis, only contact experience was associated with attitude. There was a significant, positive correlation
between knowledge and attitude scores.

Conclusions: Although knowledge of pregnancy-related complications of ZIKV infection is relatively high among GPs
in Indonesia, more than 75% of them had a poor attitude towards pregnancy-related issues of Zika. Strategies
for enhancing the capacity of GPs to develop positive attitudes and respond to ZIKV infection are needed.

Keywords: Zika virus, Knowledge, Attitude, General practitioner, Healthcare worker

Background
Zika virus (ZIKV) is transmitted by Aedes aegypti and
Aedes albopictus mosquitoes. Infection by ZIKV most
often results in mild symptoms such as fever, maculo-
papular rash, arthralgia, cephalgia and conjunctivitis [1].
However, the infection may cause severe complications
including neurological sequelae and Guillain-Barré syn-
drome [2]. In addition, ZIKV-related congenital micro-
cephaly, ventriculomegaly and intracranial calcification

have been identified in infants born to ZIKV-positive
mothers [3]. There is a strong association between
congenital ZIKV infection and microcephaly; one study
estimates the odds of microcephaly to be 73.1 times
higher among those with ZIKV infection [4]. Multiple
outbreaks of microcephaly-associated with Zika cases
have been reported since reemerge [5–9]. In Brazil for
example, during two Zika outbreaks in 2015 and 2016,
more than 1.6 million cases were reported and during
this period, 1950 cases of ZIKV infection-related
microcephaly were confirmed [9]. This devastating
complication was one factor that led the WHO to
declare ZIKV infection as a Public Health Emergency of
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International Concern (PHEIC) and as an ongoing chal-
lenge in 2016 [10]. Microcephaly associated with ZIKV
infection has been also reported in Asian countries [11–13].
ZIKV was first found in Africa over 70 years ago when it

was identified in a monkey in 1947 [14] and in humans in
1954 [15]. After local outbreaks in various Pacific Islands
[16], the virus reached the Americas (Brazil) in 2015 [17],
and has since continued to spread and has been reported
in 86 countries in the Americas, Africa, and Southeast
Asia [18]. Globally, it is predicted that over 2.17 billion
people live in areas that are environmentally suitable for
ZIKV transmission, and 1.42 billion of them live in Asia
[19]. Asia is susceptible to epidemic ZIKV transmission
because of widespread distribution of the mosquito vec-
tors for ZIKV, the large amount of travel to and from
Zika-affected areas, conducive conditions for ZIKV trans-
mission, and limited health resources [20–23].
A recent modeling study ranked Indonesia as the third

country most at risk for ZIKV exposure due to the
monthly volume of airline travelers [21]. Indonesia has
not yet had a Zika outbreak, but there is evidence of
ZIKV transmission in the country. Studies using serum
samples from 1978 and 1983 found evidence of anti-
ZIKV antibodies in Central Java and Lombok [24, 25]. In
2014, 9.1% of serum samples from children 1–4 years
old were ZIKV seropositive [26]. In 2013 and 2014, two
travelers visiting Indonesia acquired ZIKV infection and
were diagnosed after returning to Australia [27, 28]. In
2015, an individual with no history of traveling abroad
was diagnosed with Zika [29]. Zika cases may be under-
estimated in Indonesia for three major reasons: (1) the
clinical presentation of Zika and dengue is similar; (2)
the availability of Zika diagnostic tests is limited in
Indonesia; and (3) Zika reports are based on passive
case-based surveillance [30, 31].
In order to mitigate Zika complications, in particular

pregnancy-related complications, it is important to diag-
nose the disease in its early stages and implement
prevention programmes. Assessment of the knowledge
about ZIKV infection among healthcare workers (HCWs)
can identify problems that HCWs may face in reaching
this diagnosis. Zika-related knowledge is important since
knowledge gaps may lead to attitudes and practices that
hamper ZIKV infection diagnosis, management, and risk
reduction [32].
Studies related to knowledge and attitude towards

ZIKV infection have been conducted in various com-
munity groups. At least 21 studies related to know-
ledge of ZIKV infection have been conducted [1, 33–52],
in the general population [33–37] or specific groups such
as reproductive-age women [38, 39], pregnant women
[40–43], construction workers [44], and medical [1, 39,
45–49, 52] and non-medical university students [33, 52].
Five of these studies were conducted among HCWs [1, 39,

45, 50, 51]. Ten studies related to attitude towards ZIKV
infection have been conducted [34, 35, 37, 41, 48, 52–55],
but only one of these among HCWs [56]. These figures
indicate that information about knowledge and attitude
towards ZIKV infection among HCWs is limited. Given
the fact that HCWs have critical roles in the prevention
and management of Zika disease, studies to fill this gap in
the literature are required.
In Indonesia, general practitioners (GPs) are the front-

line HCWs who are responsible for the early diagnosis,
treatment, and prevention of diseases including ZIKV
infection. Thus, GPs in Indonesia should have some
knowledge to treat ZIKV infection because it has the
general manifestation of fever, which is included in the
competency list of general medical practice [57]. In
addition, the symptoms of ZIKV infection are similar to
those of other mosquito-borne infections such as dengue
fever or chikungunya fever [58]. It is important for GPs
to recognize symptoms of ZIKV infection in order to
detect or prevent complications. Most Zika prevention
measures, including the strategic responses set out by
the WHO, are also within the GPs’ competency list.
These circumstances indicate that GPs play a pivotal
role in the early detection and prevention of ZIKV infec-
tion in Indonesia.
Previously, our group conducted a project to assess

the knowledge and attitude towards ZIKV infection
among doctors in Aceh province of Indonesia [51, 56].
Both specialist doctors and GPs were included, and
multiple stratified analyses indicated that specialists had
a lower knowledge and a less positive attitude compared
to GPs. To generalize these results in the national
context, an expanded survey that included other regions
of Indonesia was conducted. As GPs are the frontline
HCWs in Indonesia, and because one of the most
important issues related to ZIKV infection is congenital
microcephaly, the survey sampled GPs and focused on
the pregnancy-related issues of ZIKV infection. Thus,
this study sought to provide a comprehensive picture of
the knowledge and attitude towards pregnancy-related
issues of ZIKV infection among GPs in Indonesia.

Methods
Study design and survey instrument
Following our previous survey of HCWs in Aceh province
[51, 56], another survey, from October to December 2016,
on GPs’ knowledge and attitude towards pregnancy-re-
lated issues of ZIKV infection was conducted in a larger
area (encompassing Sumatra and Java islands, which
together are inhabited by about 200 million individuals, or
approximately 80% of the entire population of Indonesia).
This study was cross-sectional and used an online
survey which was estimated to take around five to
ten minutes to complete. To assess knowledge and
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attitude, a questionnaire was developed based on
existing facts from the United States Centers for
Disease Control and Prevention (CDC) [17]. The
questions were translated into Bahasa Indonesia
(national language), and a panel consisting of two
medical microbiologists was appointed to evaluate the
validity of the questionnaire content. Prior to the
actual study, the reliability of the questions was tested
in a pilot study, and the data from this pilot study
were excluded from the final analysis. The Cronbach’s
alpha score was 0.78 and 0.70 for knowledge and
attitude domain, respectively, indicating good internal
consistency of the items in the scale. The design,
setting, analyses and reporting of this study adhered
to the STROBE guidelines for cross-sectional studies
in epidemiology (see Additional file 1 for the detailed
checklist of STROBE criteria [59]).

The survey and data collection
The Survey Monkey web portal was employed to collect
the data for this study. A survey link was sent to physi-
cians’ professional organizations that forwarded it to their
members and promoted the survey on social media. All
registered GPs from Indonesian Medical Council living in
Sumatera or Java were considerate eligible. If no response
was received from a member, reminders were sent. To
ensure the anonymity of the respondent and confidential-
ity of the data, the IP addresses of participants were not
collected, and only the principal investigator had access to
the survey account. The first page of the survey included
information on the identity of the principal investigator,
contact details, collaborating institutions, aims of the
study, and its expected benefits. Before starting the survey,
individuals provided their consent to participate. Potential
participants were also informed that they could exit the
survey at any point, but their responses that had already
been recorded would still be uploaded to the database. At
the end of the data collection period, the data were
extracted from the survey host and imported into statis-
tical software for analysis.

Measures
Dependent variables
The dependent variables in this study were knowledge
and attitude among GPs in Indonesia towards pregnancy-
related problems of ZIKV infection. To assess knowledge,
five questions were used. A correct response was given a
score of one and an incorrect response was given a score
of zero. The knowledge score was the sum of these five
questions, ranging from 0 to 5 in which higher scores
indicated greater knowledge. Four questions were used to
assess attitude, and each question was rated on a 5-point
Likert scale from 1 (strongly disagree) to 5 (strongly
agree). To describe the distribution of responses to a

question in the study population, participants who
answered 4 or 5 were categorized as “agreeing” with the
specific question. Subsequently, responses within the atti-
tude domain using the 1 to 5 scale were added together
giving an attitude score ranging from 4 to 20 in which
higher scores indicated a more positive attitude. The
responses to questions in which a higher score indicated a
more negative attitude were flipped in order to preserve
directionality across questions. See Additional file 2 for
the detailed questions used to assess the knowledge and
attitude domain.

Independent variables
We assessed four main groups of independent variables
that could plausibly affect knowledge and attitude: socio-
demographic status, workplace characteristics, medical
professional development characteristics, and Zika-related
experience. The sociodemographic characteristics in-
cluded gender, age, education, and occupation. For
statistical analysis purposes, the age of the respon-
dents was divided into (a) 30 years or less, and (b)
more than 30 years. Workplace characteristics in-
cluded the specific department where the respondents
worked, workplace type, and workplace location. To
assess their medical professional development charac-
teristics, respondents were asked about their medical
experience (in year) and experience attending medical
conference or training in the last five months. Zika-related
experience was assessed whether respondents had contact
with patient(s) presenting signs and symptoms of ZIKV
infection.

Statistical analysis
All explanatory variables were divided into groups to
give quantitative measures. The levels of knowledge and
attitude were dichotomized into “good” and “poor”
based on a 75% cut-off point of the total score within
each domain (i.e., 4 out of 5, and 15 out of 20 for know-
ledge and attitude, respectively). Our studies have used a
similar cut-off point of either 75% or 80% [51, 56, 60–
65]. The associations between the independent variables
and the dependent variables (knowledge and attitude)
were assessed using a two-step logistic regression. In the
univariate logistic regression, all explanatory variables
were analyzed, and variables with P ≤ 0.25 in this step
were entered into the multivariate analysis. The
estimated crude odds ratio (OR) of the univariate ana-
lyses and the adjusted OR (aOR) of the multivariate analyses
were interpreted in relation to a reference category (R).
The correlation and association between knowledge

and attitude were assessed using Spearman’s rank corre-
lation (rs) and the Chi-square test, respectively. This
correlation analysis was used due to the homogeneity of
data variance. The confidence intervals for Spearman’s
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rank correlation were calculated as previously de-
scribed [66]. For all analyses, significance was assessed
at α = 0.05. Statistical Package of Social Sciences 17.0
software (SPSS Inc., Chicago, IL, USA) was used to
analyze the data.

Results
Respondents’ characteristics
We received 850 responses during the survey period.
Among these, 393 responses had to be excluded due
to incomplete information, leaving a total of 457
(53.7%) participants with complete responses. Ap-
proximately 60% of the participants were 30 years old
or younger, and 66.3% of them had a medical practice
experience of less than five years (Table 1). Approxi-
mately 10% of the respondents had an additional
higher degree such as a master’s or doctoral degree.
The number of women was 16% higher than the
number of men (58.0% vs. 42.0%). The occupation of
12.3% of the respondents included an appointment
both as a GP and university staff, and less than 10%
of them were specialist resident. A third of the partic-
ipants were working in emergency units, and
approximately the same number was working in com-
munity health centres (Puskesmas). The majority
(70.3%) of the GPs enrolled in this survey were work-
ing in a health centre located in the rural (district) or
sub-urban (regency) areas, and about 30% of them
were working in the urban areas (provincial level). Al-
though 66.1% of the participants had attended a pro-
vincial conference, 93.0% of them had not attended
an international conference within the last five
months. Approximately 8% of the surveyed GPs had
had contact with a patient presenting signs and symp-
toms of ZIKV infection.

Knowledge and associated determinants
We rated 304 (66.5%) respondents as having a good
knowledge about pregnancy-related issues with ZIKV
infection. Approximately 88.5% knew that ZIKV can
be passed from a pregnant woman to the fetus, and
92.7% knew that a baby could have congenital defects
if infected during pregnancy. Interestingly, although
416 (91.0%) correctly mentioned that microcephaly
was a congenital condition associated with ZIKV in-
fection, 65.8% of the respondents also answered that
a ventricular septal defect was a complication associ-
ated with ZIKV infection. We assessed the association
between knowledge and independent factors from
four domains (sociodemographic status, workplace
characteristics, professional development characteris-
tics, and experience related to Zika disease). No fac-
tor was associated with knowledge (Table 1).

Attitude and associated determinants
Although the knowledge level of the respondents was
relatively high, only 111 (24.2%) of them had a positive
attitude. Sixty percent of the respondents believed that
women with ZIKV infection should undergo Caesarean
section, or were not sure whether they should. Although
more than 65% of the respondents believed that anti-
biotic treatment was not required for women with ZIKV
infection, 107 (23.4%) of them were still confused about
this treatment option. In addition, almost 50% of the
respondents believed that pregnant women with ZIKV
infection should be treated with an antiviral drug, and
116 (25.3%) were unsure whether antiviral medication
was required.
Among the four domains of independent factors that

were assessed, older age and contact experience with a
patient presenting signs and symptoms of ZIKV infec-
tion were associated with a positive attitude in the uni-
variate analysis (OR: 1.87, 95% CI: 1.21–2.88, P = 0.005,
and OR: 3.53, 95% CI: 1.76–7.05, P < 0.001, respectively).
The multivariate analysis revealed that only contact
experience was significantly associated with attitude
(OR: 3.14, 95% CI: 1.49–6.58, P = 0.003) (Table 2).

Correlation and association between knowledge and
attitude
We found that there was a significant but weak positive
correlation between knowledge and attitude towards
pregnancy-related issues of ZIKV infection (r = 0.09;
95% CI: 0.02–0.18, P = 0.037). This indicates that
attitude was increasingly positive with greater know-
ledge. To validate this result, further analysis was
conducted using knowledge and attitude scores that had
been classified as “good” and “poor” based on a cut-off
point of 75%. Our analysis indicated that there was no
impact of knowledge on attitude using this classification
system (OR: 1.41, 95% CI: 0.88–2.25, P = 0.154).

Discussion
General practitioners are frontline HCWs in
Indonesia and other countries, and their ability to
comprehensively react to cases of Zika disease in
their communities is, in part, limited by the know-
ledge and attitudes that they hold. Studies on know-
ledge and attitude towards ZIKV infection among
GPs are limited. Given the fact that HCWs have crit-
ical roles in the prevention and management of ZIKV
infection, this study was conducted to fill this gap in
the literature. We found that almost 40% of the par-
ticipating GPs had a poor knowledge of pregnancy-re-
lated issues of ZIKV infection. For example, 73.9% of
respondents mentioned that ZIKV could be passed
through breastfeeding. In fact, there are no reports to
suggest that a ventricular septal defect was associated
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with ZIKV infection, and the U.S. CDC stated that there
are no reports of infants getting ZIKV through breastfeed-
ing, and mothers are encouraged to breastfeed even in
areas with risk of Zika [67]. One of the plausible explana-
tions of this finding is that ZIKV infection has not been a
subject taught in Indonesia. For instance, Zika was
not listed in the 2006 National General Practitioner
Competence List of the Republic of Indonesia [68].
Therefore, while a few medical schools in Indonesia
have incorporated the subject into their curriculum,
this knowledge is not a mandatory subject for medical
doctor graduates in Indonesia [69]. In addition, we
found no independent factor that was significantly
associated with knowledge among GPs. Previously,
our study in Aceh province found that specialists had
significantly lower knowledge compared to GPs, and
some determinants relating to specialists were associ-
ated with lower knowledge [51]. For example, doctors
whose workplace had access to medical journals
(which was the case for most of the specialists) had
lower knowledge compared to doctors whose work-
place had restricted access to journals (e.g., in pri-
mary health service). In addition, doctors who worked
in community health centres had greater knowledge
compared to doctors who were working in private
clinics or private hospitals and government hospitals,
where most doctors were specialists. Therefore, it is
not surprising that none of the independent variables
were associated with knowledge in this survey
because all of the respondents were GPs with a
homogenous knowledge base. All of the respondents
of this study received their medical education from
the national curricula based on the 2006 National
General Practitioner Competence List [68], where
Zika was not listed as a compulsory disease.
We found that 66.3% of the participants had a medical

practice experience of less than 5 years, and only 7.9% of
the total participants stated that they had been contacted
by a patient presenting signs and symptoms of ZIKV
infection. These characteristics suggest that most of our
participants could be considered to be at an intermedi-
ate level of expertise instead of an expert level [70].
Doctors at an intermediate level of expertise are better
at recalling more signs and symptoms because they are
able to focus on isolated signs and symptoms, and
connect them to a pathophysiology mechanism [70]. In
contrast, experts commonly use encapsulated knowledge
or short-cut knowledge which is constructed from the
memories of previous patients, which creates illness
scripts. As a consequence, the expert may be inhibited
in recalling signs and symptoms [70]. This could explain
why most of our participants had relatively good know-
ledge about ZIKV infection compared to the specialist
doctors in our previous survey [51]. Yet, the GPs could

also be categorized as having incomprehensive know-
ledge about ZIKV infection since there were mispercep-
tions about several aspects of the infection (i.e., that ZIKV
could be transmitted via breastfeeding and that ventricular
septal defect could be caused by the infection).
This incomprehensive knowledge, interestingly, was

not adequate to improve GPs’ attitude towards ZIKV
infection management because attitude change requires
more than merely cognitive or knowledge transform-
ation but also relies on affective and behavioural dimen-
sions of change [71]. Attitude is a summary evaluation
of an object of thought that is constructed in a particular
situation; it is context-dependent [71]. To improve GPs’
attitude towards ZIKV infection, more exposure to cases
of ZIKV infection is therefore required, to provide some
experience enabling them to acquire diagnostic and
management knowledge and to apply their knowledge in
a practical setting [72]. The lack of exposure of real
cases of ZIKV infection produces fewer opportunities for
the GPs to apply their relatively good knowledge on
ZIKV infection, and as a result the knowledge generates
less of an impact on their attitudes. This might, in part,
explain the lack of an association between knowledge
and attitude among GPs.
This study revealed that GPs who had had contact

with patient(s) presenting signs and symptoms of ZIKV
infection were three times more likely to have a positive
attitude. This finding could be explained by the experi-
ential learning theory, in which learners will have better
perception and cognition towards a disease if they are
directly exposed to actual cases [73].
In general, our present study together with our pre-

vious survey [51] indicates that knowledge of ZIKV
infection in HCWs in Indonesia is relatively low.
Therefore, strategies for enhancing the capacity of
HCWs (including GPs and other healthcare staffs) to
respond to ZIKV infection may be needed. Scholars
in the field of knowledge management have focused
on knowledge seeking behavior of GPs at the global
level. One study described a preference of GPs for
local knowledge, for example, transfers from their
own experiences or colleagues’ experiences and com-
munication with leaders in their institution, as a reac-
tion to the overwhelming information overload from
400.000 medical articles published each year [74]. In
addition, GPs preferred interactive sessions in work-
shops and conferences over didactic lectures to im-
prove their performance in clinical decision making
[75, 76]. Therefore, efforts to increase GPs’ knowledge
on ZIKV infection should be supported by incorporat-
ing relevant information regarding ZIKV infection in
continuing medical education (CME) programmes in
collaboration with the Indonesian Medical Council which
regulates future GPs’ competence and certification.
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Online survey research has advantages which include
time and cost benefits, however, this study is not without
limitations. The results from this study, therefore, should
be interpreted with caution. First, the incomplete re-
sponse rate in this survey is high (46.3%) if compared to
our previous survey [51, 56]. Second, there is potential
for biased geographical selection of respondents because
certain localities in Indonesia are less likely to have
internet access than others. Third, we did not collect the
exact location of the respondents making it not possible
to create a map showing spatial heterogeneity. However,
our study is still able to show the distribution of the
respondents between rural (district) and urban (regency)
areas. In addition, we also analyzed respondents based
on type of workplace, which is one of the most import-
ant heterogeneity analysis in medical setting because it
reflects facility characteristics. Finally, dishonesty can be
an issue in the sense that some respondents may not
have been fully truthful with their answers, or may have
looked up the correct response to answers. To minimize
this last issue, a clear introduction on the first page of
the survey was provided asking participants to respond
based on their current knowledge and beliefs without
trying to find the correct answer from other resources.

Conclusions
This study reveals that the knowledge about pregnancy-
related problems with ZIKV infection is relatively high
and homogenous among GPs across the most populous
regions of Indonesia. However, GPs in Indonesia still
have a poor attitude towards pregnancy-related prob-
lems of ZIKV infection, although contact experience
with a patient presenting signs and symptoms of ZIKV
infection was associated with a more positive attitude.
Strategies for enhancing the capacity of GPs in Indonesia
to respond to ZIKV infection are needed. Although the
global emergency regarding ZIKV infection has been
lifted, Indonesia is still at risk for ZIKV transmission,
rendering medical education about ZIKV highly import-
ant and relevant for prevention and control efforts. One
of the efforts with long-term effect will be to include the
prevention and management of ZIKV infection in the
National General Practitioner Competence List of
Indonesia.
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Background: Understanding people’s perceptions of the economic benefits of a potential Zika vaccine (ZV)
is critical to accelerating its introduction into either public sector programs or private market. The aim of
this study was to assess the acceptance and willingness-to-pay (WTP) for a hypothetical ZV and the asso-
ciated explanatory variables in Indonesia.
Methods: We conducted a health facility-based cross-sectional study in Aceh and West Sumatra province
from 1 February to 13 June 2018. Patients who visited outpatient departments, have had children or were
expecting their first child, were approached and interviewed to collect information on acceptance, WTP,
demographic and socio-economic variables and attitudes towards childhood vaccines. Associations of
explanatory variables influencing acceptance and WTP were assessed using logistic regression and linear
regression analysis, respectively.
Results: In total, 956 respondents were included in the final analysis of acceptance, of whom 338 (35.3%)
expressed their WTP. We found that 757 (79.1%) of the respondents were likely to be vaccinated and to
recommend their partner to be vaccinated. Higher educational attainment, having a job, having heard
about Zika and a good attitude towards childhood vaccination were associated with ZV acceptance in
the univariate analyses. In the multivariate analysis, attitude towards childhood vaccination was the
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strongest predictor for ZV vaccination. We found the geometric mean and median of WTP was US$ 13.1
(95% CI: 11.37–15.09) and US$ 7.0 (95% CI: 4.47–10.98), respectively. In the final model, having heard
about Zika, having a job, and higher income were associated with a higher WTP.
Conclusion: Although the acceptance rate of the ZV is relatively high in Indonesia, less than 40% of
respondents are willing to pay, underscoring the need for a low-cost, high-quality vaccine and public sec-
tor subsidies for Zika vaccinations in the country.

� 2019 Elsevier Ltd. All rights reserved.
1. Introduction

Zika virus (ZIKV), a member of the Flaviviridae family, was first
isolated from rhesus monkeys in the Zika forest of Uganda in 1947
[1] and was isolated for the first time from a human in 1954 [2].
Since its identification, rare and sporadic cases in humans were
reported in Africa and Asia, without drawing concerns or interest
for investigation due to the mild clinical presentation and limited
number of recorded cases [3]. In 2007, the first recognized out-
break of ZIKV occurred on Yap island (Federated States of Microne-
sia) in the Western Pacific [4]. A series of outbreaks with cases
having neurological and autoimmune complications followed in
2014 in other Pacific islands [5]. Outbreaks and reports of ZIKV
infection then appeared in Americas, Africa and other regions [6],
and to date, Zika has been reported in 86 countries around the
globe [7]. The scale of the recent outbreaks and the consequential
findings on associated complications and transmission modalities
have increased awareness of the disease globally [6]. The World
Health Organization (WHO) declared ZIKV infection as a Public
Health Emergency of International Concern (PHEIC) in February
2016 with the implication that Zika is as an ongoing challenge
requiring intense action through sustained research focusing on
vaccines and treatments [8].

The Asian region is susceptible to epidemic ZIKV transmission
when taking into consideration the widespread distribution of rel-
evant mosquito vectors (Aedes aegypti and Ae. albopictus), the large
amount of travel to and from Zika-affected areas, local conditions
conducive to transmission, and limited health resources [9–11].
Soon after the WHO declared Zika as a PHEIC, an outbreak of ZIKV
was detected in Singapore in August 2016 and continued until
November 2016 with 455 confirmed cases [12].

In Indonesia, seroprevalence studies in Central Java and Lombok
identified anti-ZIKV antibodies 1978 and 1983 using haemaggluti-
nation inhibition test [13,14], although these antibodies might be
cross-reactive with Dengue virus. More recently, recent ZIKV infec-
tion among children aged 1–4 years, sampled in 2014, was
detected in much of western and central Indonesia using ZIKV
microneutralization test. [15]. Around the same time, two Aus-
tralian travelers were reported to have acquired ZIKV infection
after visiting Indonesia in 2013 and 2014 [16,17]. In 2015, ZIKV
was isolated for the first time in Indonesia, from a patient in Jambi
province of Sumatra Island [18]. The patient had no history of trav-
elling abroad, indicating that the virus was circulating in Indonesia
[18]. Although no other cases have been reported since, the poten-
tial misclassification of Zika and Dengue diagnoses due to similar
clinical presentations and the lack of a widely available Zika diag-
nostic test, could lead to underestimation of Zika cases [19]. A
recent modeling study ranked Indonesia as the third country most
at risk for Zika virus exposure, after India and China, due to the
monthly volume of airline travelers [10]. In aggregate, this evi-
dence suggests that Indonesia is at risk for a Zika epidemic.

Although non-vaccine control measures for ZIKV transmission
are available, such as vector control and safe sex practices [20],
development of a vaccine remains a priority public health
prevention strategy for ZIKV considering the multiple routes of
non-vector transmission [21]. The WHO has listed the prophylactic
vaccination strategy as a priority to prevent severe ZIKV complica-
tions such as microcephaly and brain abnormalities [22]. Although
a Zika vaccine (ZV) is currently not available, multiple vaccine can-
didates are being developed and some of them have entered clini-
cal trials. There are some key considerations that will affect ZV
uptake and future distribution in an immunization program; two
of the most important issues are public acceptance and
willingness-to-pay (WTP) for the vaccine.

Studies have been conducted to assess the acceptance of ZV in
the United States including among travelers [23], community
members [24], and university students [25]. However, information
on ZV acceptance in Asia is limited to a single study among preg-
nant women in Malaysia [26]. No findings related to WTP for a
ZV are available currently. One cost-effectiveness study of a hypo-
thetical ZV has been published [27], although this study used a pre-
dictive WTP per disability-adjusted-life-years in relation to the
national gross domestic product.

The present study sought to assess the community acceptance
and WTP for a hypothetical ZV and associated modifiable determi-
nants in Aceh and West Sumatra provinces of Indonesia. The find-
ings are expected to inform policies and strategies for the
prevention and control of ZIKV if a vaccine is made available in
the near future.
2. Methods

2.1. Ethics approval

The study protocol was approved by the Institutional Review
Board of the School of Medicine, Syiah Kuala University. All partic-
ipants signed written informed consent forms prior to enrolment.
Participation in this study was voluntary and no financial incentive
was given.
2.2. Study design, setting and location

A health facility-based cross-sectional study was conducted in
Aceh and West Sumatra province from 1 February to 13 June
2018. Both provinces are located in Sumatra Island which is situ-
ated in the westernmost region of the Indonesian archipelago.
Sumatra Island has a surface area of 473,481 km2 with a total pop-
ulation of 50.37 million in 2010. Aceh was selected because this
province has previously been the location for other population
studies related to ZIKV infection [28,29]. West Sumatra was
selected because this province is in close proximity to Jambi where
ZIKV has been isolated [18].

The study was conducted in seven regencies or municipalities of
Aceh (Banda Aceh, Bireun, Aceh Utara, Aceh Selatan, Lhokseu-
mawe, Aceh Jaya, Aceh Besar) and three regencies of West Sumatra
(Padang Panjang, Tanah Datar and Solok). The design, setting, anal-
yses and reporting within this study adhered to the STROBE guide-
lines for cross-sectional studies in epidemiology (see Additional
file 1 for the detailed checklist of STROBE criteria [30]).
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2.3. Sampling and sample size

Study participants were patients who visited the infection and
non-infection outpatient departments either in hospitals or com-
munity health centres (Puskesmas) in Aceh and West Sumatra.
Based on the population of both provinces in 2017 (10.51 million)
the minimum sample size required was 385, based on the assump-
tion that the acceptability rate was conservatively estimated to be
50% with a 5% margin of error and a confidence interval of 95%. To
recruit the samples, eleven out of 42 regencies or municipalities in
both provinces were purposefully selected to include both urban
and suburban areas, such that the minimum sample size, the num-
ber of participants required from each study site was 35. To avoid
repetitive field visits, to minimize the study design effect and to
obtain a more robust estimate, the number of sampled participants
was increased for each study site. The number of additional partic-
ipants was adjusted based on the population of each study site (i.e.
the percentage of additional participants was allocated higher to
regencies with high population density). Participants who were
married, have had children or were expecting their first child dur-
ing the study, had resided in the specified regency or municipality
for more than 3 months, and were able to communicate in Bahasa
Indonesia (the national language) were considered to be eligible
for inclusion. Participants were approached and recruited via a
convenience sampling method.

2.4. Study instrument and testing

To facilitate the interviews, a set of a structured questionnaires
consisting of five sections was used. The first section collected
sociodemographic information. The second section assessed partic-
ipants’ attitude towards childhood vaccination using an established
Parent Attitudes about Childhood Vaccines (PACV) questionnaire
[31]. The third section provided brief information on ZIKV infection
including the cause of the disease, epidemiology, the pregnancy-
related complications and transmission. This section also provided
a description of the hypothetical ZV, including efficacy, safety, and
the administration procedure. The fourth and fifth section deter-
mined the acceptance and WTP for a ZV, respectively.

The English version of PACV questionnaire was translated to
Bahasa Indonesia. A panel consisting of a medical doctor, a family
medicine doctor and a microbiologist were appointed to evaluate
the content validity of the questionnaire. Prior to use in the actual
study, the questionnaire was tested for accuracy among 10
patients, who visited an outpatient department of a community
health centre in Banda Aceh, the capital of Aceh. Corrections were
made accordingly based on findings during the pilot study.

2.5. Study variables

2.5.1. Explanatory variables
Sociodemographic data such as age, sex, educational attain-

ment, employment status, monthly income, and numbers of chil-
dren were collected. The explanatory variables in this study were
grouped or divided as proposed previously [32]. The date of birth
was recorded, converted into actual age and then grouped into four
groups (20–29, 30–39, 40–49 and more than 50-year old). Educa-
tional attainment was defined as the highest level of formal educa-
tion completed and grouped into primary school (year 6), junior
high school (year 9), senior high school (year 12), diploma certifi-
cate and university graduate. Employment status was divided into
employed and unemployed. Monthly income was defined as the
average amount of money earned by participants each month in
Indonesian Rupiah (IDR) and grouped into three groups (less than
IDR 3 million, 3–5 million and more than 5 million, equivalent to
US$ 210.2, US$ 210.2–US$ 350.3 and US$ 350.3, using a July
2018 exchange rate). The participants were also asked whether
they had heard about Zika infection prior to the interview.

Attitude for childhood vaccination was assessed using PACV
questionnaire. This questionnaire consisted of 15 questions and in
which 2, 4 and 9 questions assessed the sub-domain of vaccination
behavior, belief in vaccine safety and efficacy, and general attitude
towards childhood vaccination, respectively [33]. The scoring sys-
tem of PACV questionnaire followed previous studies [31,33].
Briefly, for questions with a ‘‘yes”/”no”/”do not know” responses,
the responses were categorized as hesitant or non-hesitant, as
appropriate. For questions with a 5-point Likert-scale responses
(‘‘strongly agree” to ‘‘strongly disagree”), ‘‘strongly agree”/”agree”,
and ‘‘strongly disagree”/”disagree”’ were considered as hesitant or
non-hesitant as appropriate to the valence of the question stem.
Questions with a 5-point Likert-scale (‘‘not at all concerned” to
‘‘very concerned”), ‘‘somewhat”/”very concerned” and ‘‘not at
all”/”not too concerned” were categorized as hesitant or non-
hesitant as appropriate where the reverse was true. Items with a
10-point Likert-scale were grouped into hesitant (0–5), not sure
(6–7), and non-hesitant (8–10). All responses of ‘‘do not know”,
and ‘‘neither agree nor disagree” were categorized as a not sure
response. Lastly, all responses were scored hesitant (scored as 2),
not sure (scored as 1) or non-hesitant response (scored as 0). The
sum of the response scores giving the additive scale scores ranged
from0 to 30. However, for thosewhowere currently expecting their
first child during the interview, two questions (behavior domain)
were not applicable therefore their maximum total score was 26.

2.5.2. Response variables
The response variables in this study were the acceptance and

WTP for a ZV. Prior to data collection, participants were provided
with the following information: (a) Zika is caused by ZIKV; (b)
the disease is mostly present in the Americas; (c) there has been
no Zika patient reported in Aceh or West Sumatra but there is
potential that this disease will become present in the country;
(d) infection during pregnancy could cause neurological defects
in newborns and cause impartment for their entire life; and (f)
the virus is transmitted by mosquitos but could be transmitted
through sexual contact. Because there was no licensed ZV available
during the study; it was hypothesized that a safe and 90% protec-
tive vaccine against ZIKV was available. The participants were
informed that the vaccine need to be injected into the body
through the deltoid muscle.

To assess the acceptance for ZV, participants were asked to
respond two questions: ‘‘How likely would it be for you to get your-
self vaccinated against Zika virus infection?” and ‘‘How likely would it
be for you to recommend your partner to get himself/herself vacci-
nated against Zika virus infection?”. The possible responses were
scored on a five-point Likert-type scale, ranging from ‘‘very
unlikely”, to ‘‘very likely.” Responses for ‘‘very unlikely” and ‘‘un-
likely” scored as 0, ‘‘undecided” scored as 1 and score of 2 was
given to ‘‘likely” and ‘‘very likely”.

To assess the amount of money that participants would be will-
ing to pay for a ZV, the participants were asked whether they
would be willing to pay according to a randomly chosen bid
amount from the following bids: IDR 50,000; 100,000; 250,000;
500,000; 750,000; 1 million; 2 million; and 3 million (equivalent
to US$ 3.50, 7.01, 17.52, 35.04, 52.55, 70.07, 140.14, and 210.21).
The possible responses were ‘‘yes” or ‘‘no”. The WTP was defined
as the highest accepted bid, i.e., the highest price the participants
said they were willing to pay.

2.6. Interview and data collection

Structured interviews assisted by a validated questionnaire
were conducted in Bahasa Indonesia to collect the information of
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interest from respondents. In some occasions, sentence(s) or word
(s) were translated into local languages (Acehnese or Bahaso Min-
ang, in Aceh and West Sumatra, respectively) to give a clearer
explanation. Prior to the interview, a potential participant was
informed of the study aims, risks and benefits. Participants were
also informed that they could withdraw from the study any time
during the interview. Once the participants agreed to participate,
they were asked to sign an informed consent form. Each informed
consent form and its matching questionnaire was assigned an
identifier code and this was used in all analyses.

2.7. Statistical analysis

For statistical analysis, the total raw score for the attitude
towards childhood vaccination was converted to a 0–100 scale
and the then dichotomized into two categories: good attitude
(score < 50) and poor attitude (score � 50), following previous lit-
erature [33–35]. The score of acceptance to ZV were computed as
the sum of the response scores from two questions giving the addi-
tive scale scores ranged from 0 to 4. The acceptance was then cat-
egorized into ‘‘willing” and ‘‘not willing” based on a 75% cut-off
point (i.e. score 3 or more classified as ‘‘willing”). Studies have fre-
quently used a similar cut-off point of either 75% or 80% to dichot-
omize attitudinal variables [28,29,36–39]. To assess the
explanatory variables influencing participants’ ZV acceptance, a
logistic regression was employed. The estimated odds ratio (OR)
was interpreted in relation to one of the categories, which was des-
ignated as the reference category (R).

Explanatory variables influencing participants’ statedWTP were
determined using a multivariate linear regression model as
described elsewhere [37]. A series of diagnostic assessments was
conducted to check how well the data met the model assumptions
used in the multivariate model. To assess multicollinearity,
heteroscedasticity and residual normality, the Variance Inflation
Factor (VIF) [40], Glejser test [41] and Kolmogorov-Smirnov test
[42] were employed, respectively. A VIF value of lower than 10
and a tolerance value (1/VIF) of greater than 0.1 was used to define
no multicollinearity between variables. A cut-off point of P-value
greater than 0.05 in the Glejser test, and Kolmogorov-Smirnov test
was used applied to indicate no heteroscedasticity, and normal dis-
tribution of residuals, respectively [37].

This initial diagnostic step indicated that the data violated two
assumptions: heteroscedasticity, and normality of residuals. After
transforming the WTP values using a natural logarithm function
(ln), the model showed better adherence to the aforementioned
assumptions. Therefore, the transformed WTP value was used in
multivariate linear regression model. All explanatory variables that
were not significant at P < 0.25 in the initial model were excluded
and to achieve the final model, backward elimination approach
was employed. All associations between an explanatory and WTP
was also interpreted in relation to reference category (R).

The mean estimated WTP in US$ and its 95% CI were calculated

as Exp Xbb þ br2=2
� �

where bb was the estimated regression coeffi-

cients (B) and br2 was the mean squared error (MSE) of the multi-
variate model [37,43,44]. All analyses were performed using
Statistical Package for the Social Sciences software (SPSS for Win-
dows, Version 15, Chicago, USA).

3. Results

3.1. Study population characteristics

We approached and interviewed 1102 respondents in eleven
regencies and 145 (13.2%) refused to participate or had incomplete
interviews. Most participants discontinued the interview when
they were called by a nurse to meet a doctor. A total of 956
(86.8%) participants were analyzed for ZV acceptance. The charac-
teristics of the participants are depicted in Table 1. A majority of
the respondents (73.1%) was between 20 and 39 years old. No par-
ticipants were illiterate and approximately 85% of the respondents
had finished their senior high school (year 12). More than half of
the participants earned less than IDR 3 million (US$ 210.2) each
month. Approximately 60% of the participants had 1 or 2 children
and less than 5% of participants were pregnant. Approximately a
quarter of the participants had heard about Zika.

According to the PACV questionnaire, 152 (15.9%) of the respon-
dents had a poor attitude towards childhood vaccination. With
each subdomain analyzed separately, poor attitudes were held by
61.6% for vaccine safety and efficacy, 39.8% for vaccination behav-
ior, and 7.2% for general attitudes.
3.2. Acceptance of Zika vaccine and associated explanatory variables

A total of 757 (79.1%) participants expressed their acceptance of
ZV. The univariate analysis demonstrated that having a diploma
certificate, having a job, having heard about Zika and having a good
attitude towards childhood vaccination predicted ZV acceptance
(Table 1). Although participants who had a diploma certificate
had an increased odds of having a good ZV acceptance compared
to the participants who only completed primary school, there
was no significant difference between the highest educational cat-
egory and the reference category of primary school. Having a job
was associated with better support for ZV, with an OR of 1.43
(95% CI: 1.04–1.95). In addition, having heard information on Zika
also predicted vaccine acceptance with an OR: 2.98 (95% CI: 1.91–
4.66), P < 0.001.

As predicted, those with good attitude towards childhood vacci-
nation were more supportive of ZV (OR: 7.68; 95% CI: 5.27–11.19,
P < 0.001). When divided by subdomain, each subdomain was also
strongly associated with ZV acceptance. Compared to participants
with poor attitude towards vaccination behavior and safety-
efficacy, those with good attitude were approximately three times
more likely to have a better acceptance for ZV, with OR: 2.92 (95%
CI: 2.10–4.06) and 3.38 (95% CI: 2.30–4.97), respectively. Those
with a good general attitude towards childhood vaccination were
14 times more likely to have a better support for ZV (95% CI:
8.04–24.91).

In the multivariate analysis, those who heard about Zika (OR:
2.37, 95% CI: 1.44–3.88) and who had a good attitude towards
childhood vaccination (OR: 3.41, 95% CI: 2.01–5.79) were signifi-
cantly associated with acceptance of ZV (Table 1). This positive
association was also true for the subdomains within childhood vac-
cination attitude that were included in the multivariate analysis
(i.e., general attitude and the vaccine safety-efficacy subdomain).
3.3. Willingness-to-pay for a Zika vaccine

Out of 956 respondents who provided completed information, a
very small number of them (n = 34, 3.6%) stated that they would
not be vaccinated even if ZV was provided for free, while a majority
of respondents (n = 584, 61.1%) stated they would be vaccinated
only if ZV was provided for free. Only 338 respondents (35.3% of
those with complete data) were willing to pay for a ZV and these
were included in the final data analysis. The mean and median of
WTP was US$ 13.1 (95% CI: 11.37–15.09) and US$ 7.0 (95% CI:
4.47–10.98), respectively.

Among those who were willing to pay for ZV, 11.4% of partici-
pants expressed their WTP at US$ 3.5, and decreased constantly
to 7.7%, 6.5%, and 2.3% as the price for ZV went up to US$ 7.0, US
$ 17.5, and US$ 35.0, respectively (Fig. 1). Only 3.2% (30/956) of



Table 1
Univariate and multivariate logistic regression analysis showing predictors of acceptance for a Zika vaccine (Willing vs. Not willing) (n = 956).

Variable n (%) Willing n (%) Univariate Multivariate

OR (95% CI) P–value aOR (95% CI) P–value

Age group (years)
20–29 (R) 230 (24.0) 184 (80.0) 1 –
30–39 469 (49.1) 365 (77.8) 0.88 (0.59–1.30) 0.511
40–49 189 (19.8) 152 (80.4) 1.03 (0.63–1.67) 0.914
More than 50 68 (7.1) 56 (82.4) 1.17 (0.58–2.36) 0.667

Gender
Male (R) 129 (13.5) 97 (75.2) 1 1
Female 827 (86.5) 660 (79.8) 1.30 (0.85–2.01) 0.231 1.39 (0.82–2.35) 0.223

Educational attainment
Primary school (R) 42 (4.4) 30 (71.4) 1 1
Junior high school 106 (11.1) 86 (81.1) 1.72 (0.75–3.94) 0.199 1.34 (0.51–3.50) 0.555
Senior high school 361 (37.8) 269 (74.5) 1.17 (0.58–2.38) 0.665 0.65 (0.28–1.50) 0.310
Diploma certificate 223 (23.3) 194 (87.0) 2.68 (1.23–5.81) 0.013 1.05 (0.40–2.76) 0.919
University graduate 224 (23.4) 178 (79.5) 1.55 (0.74–3.26) 0.250 0.74 (0.29–1.92) 0.537

Employment status
Unemployment (R) 471 (49.3) 359 (76.2) 1 1
Employee 485 (50.7) 398 (82.1) 1.43 (1.04–1.95) 0.027 1.27 (0.81–2.00) 0.301

Monthly income (IDR)
Less than 3 million (R) 523 (54.7) 402 (76.9) 1 1
3–5 million 328 (34.3) 270 (82.3) 1.40 (0.99–1.99) 0.058 1.12 (0.74–1.69) 0.607
More than 5 million 105 (11.0) 85 (80.9) 1.25 (0.73–2.15) 0.416 0.99 (0.52–1.89) 0.982

Number of children
The first pregnancy (R) 31 (3.2) 22 (71.0) 1 1
1–2 564 (59.0) 444 (78.7) 1.51 (0.68–3.37) 0.311 1.56 (0.63–3.88) 0.340
3–5 337 (35.3) 274 (81.3) 1.78 (0.78–4.05) 0.170 2.01 (0.78–5.18) 0.147
More than 5 24 (2.5) 17 (70.8) 0.99 (0.31–3.21) 0.991 1.23 (0.32–4.77) 0.762

Have heard about Zika
No (R) 704 (73.6) 530 (75.3) 1 1
Yes 252 (26.4) 227 (90.1) 2.98 (1.91–4.66) <0.001 2.37 (1.44–3.88) 0.001

Attitude towards childhood vaccination
Poor (R) 152 (15.9) 67 (44.1) 1 1
Good 804 (84.1) 690 (85.8) 7.68 (5.27–11.19) <0.001 3.41 (2.01–5.79) <0.001

Vaccination behavior subdomain
Poor (R) 368 (39.8) 253 (68.8) 1 –
Good 557 (60.2) 482 (86.5) 2.92 (2.10–4.06) <0.001

General attitude subdomain
Poor (R) 69 (7.2) 18 (26.1) 1 1
Good 887 (92.8) 739 (83.3) 14.15 (8.04–24.91) <0.001 3.71 (1.80–7.63) <0.001

Vaccine safety and efficacy subdomain
Poor (R) 589 (61.6) 427 (72.5) 1 1
Good 367 (38.4) 330 (89.9) 3.38 (2.30–4.97) <0.001 1.91 (1.23–2.94) 0.004

aOR: adjusted odds ratio.
CI: confidence interval.
OR: odds ratio.
R: reference group.
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the respondents were still willing to pay for the vaccine at the
highest price provided (US$ 210.2).

3.4. Factors associated with the willingness to pay for a Zika vaccine

The initial model of multivariate linear regression indicated that
having a monthly income more than IDR 5 million (US$ 350.3) and
having heard about Zika were the only variables associated with
WTP for a ZV (P < 0.05) (Table 2).

The final multivariate model indicated that having a job, a
higher income (more than IDR 5 million) and preexisting knowl-
edge related to Zika disease were all significantly associated with
WTP (Table 3). Compared to unemployed respondents, those who
had a job were willing to pay US$ 21.51 more, and those with a
highest income were willing to pay US$ 33.80 more than those
with a monthly income less than IDR 3 million (US$ 210.2). Com-
pared to respondents who never heard about Zika prior the study,
those who had preexisting information about Zika were willing to
pay US$ 26.64 more. These data indicate that the monthly income
is the strongest predictor for WTP for a ZV (see Table 3).

4. Discussion

This study was conducted to assess the acceptance and WTP for
a ZV in Indonesia and to determine their associated explanatory
variables. Although some studies have been conducted to access
the acceptance for a ZV in the US [23–25], data from Asian coun-
tries are limited [26] and no study is available for WTP. This will
be the first published report of WTP for a hypothetical ZV in Asia.

We found that 79.1% of the participants expressed their accep-
tance for a hypothetical ZV. As predicted, having preexisting
knowledge related to Zika disease was associated with higher ZV
acceptance. Previous studies have also found that a good knowl-
edge about ZIKV is associated with acceptance for a ZV [23,25].
In the present study, we confirmed that preexisting knowledge
about Zika is also associated with an increase in WTP. Therefore,



Fig. 1. Relationship between the presented price and proportion of participants who are willing to pay a Zika vaccine in Aceh and West Sumatra, Indonesia. Red dotted line
indicates the percentage of participants who are willing to be vaccinated if the vaccine was provided for free. (For interpretation of the references to colour in this figure
legend, the reader is referred to the web version of this article.)

Table 2
Initial model of multivariate linear regression analysis showing factors associated with the willingness to pay for a Zika vaccine (n = 338).

Variable Unstandardized coefficients US$ estimate P-value

B 95% CI of B SE Mean 95% CI

Lower Upper Lower Upper

Intercept 1.809 0.731 2.887 0.550 12.64 10.27 15.00 0.001

Age group (20–29 years)
30–39 �0.023 –0.384 0.338 0.184 12.35 9.99 14.71 0.920
40–49 0.102 –0.370 0.574 0.241 13.99 11.63 16.36 0.671
More than 50 0.575 –0.262 1.412 0.427 22.46 20.10 24.83 0.179

Gender (Male)
Female 0.191 –0.232 0.614 0.216 15.30 12.93 17.66 0.376

Education (Primary school)
Junior high school 0.286 –0.469 1.041 0.385 16.82 14.46 19.19 0.459
Senior high school 0.406 –0.300 1.112 0.360 18.97 16.60 21.33 0.261
Diploma certificate 0.721 –0.065 1.507 0.401 25.99 23.63 28.36 0.073
University graduate 0.431 –0.373 1.235 0.410 19.45 17.08 21.81 0.293

Employment status (Unemployment)
Employee 0.353 –0.012 0.718 0.186 17.99 15.62 20.35 0.059

Monthly income (IDR) (Less than 3 million)
3–5 million 0.019 –0.330 0.368 0.178 12.88 10.51 15.24 0.914
More than 5 million 0.785 0.354 1.216 0.220 27.71 25.35 30.08 <0.001

Number of children (The first pregnancy)
1–2 �0.073 �0.863 0.717 0.403 9.22 6.83 11.60 0.857
3–5 –0.191 –0.512 0.130 0.164 10.44 8.07 12.80 0.245
More than 5 –0.578 –1.407 0.251 0.423 7.09 4.72 9.45 0.172

Have heard about Zika (No)
Yes 0.579 0.242 0.916 0.172 22.55 20.19 24.92 0.001

Attitude towards childhood vaccination (Poor)
Good 0.158 –0.412 0.728 0.291 14.80 12.44 17.17 0.587

Vaccination behavior subdomain (Poor)
Good 0.083 –0.262 0.428 0.176 13.73 11.37 16.10 0.636

General attitude subdomain (Poor)
Good –0.476 –1.260 0.308 0.400 7.85 5.48 10.21 0.235

Vaccine safety and efficacy subdomain (Poor)
Good –0.184 –0.494 0.126 0.158 10.51 8.15 12.88 0.248

Mean squared error (MSE) 1.456
F value 4.416 (P < 0.001)
R2 0.215

B: estimated regression coefficients.
CI: confidence interval.
SE: standard error.
US$: United States dollar.
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Table 3
Final model of multivariate linear regression analysis showing factors associated with the willingness to pay for a Zika vaccine (n = 338).

Variable Unstandardized coefficients US$ estimate P-value

B 95% CI of B SE Mean 95% CI

Lower Upper Lower Upper

Intercept 1.954 1.748 2.160 0.105 14.592 12.229 16.955 <0.001

Age group (20–29 years)
More than 50 0.462 –0.300 1.224 0.389 23.162 20.799 25.525 0.236

Education (Primary school)
Diploma certificate 0.272 –0.051 0.595 0.165 19.154 16.791 21.517 0.100

Employment status (Unemployment)
Employee 0.388 0.102 0.674 0.146 21.510 19.147 23.873 0.008

Monthly income (IDR) (Less than 3 million)
More than 5 million 0.840 0.497 1.183 0.175 33.801 31.438 36.164 <0.001

Have heard about Zika (No)
Yes 0.602 0.306 0.898 0.151 26.642 24.279 29.005 <0.001

Mean squared error (MSE) 1.453
F value 14.825 (P < 0.001)
R2 0.183

B: estimated regression coefficients.
CI: confidence interval.
SE: standard error.
US$: United States dollar.
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to increase support for a Zika vaccination, a program should also be
designed to increase knowledge of Zika itself.

Notably, we found that more positive attitudes towards child-
hood vaccination was strongly associated with a higher acceptance
for ZV. More specifically, better immunization behavior, good
beliefs about vaccine safety and efficacy, and a better general atti-
tude towards vaccination (including trust for vaccination) were
associated with greater acceptance, and participants’ general atti-
tude towards vaccination was the strongest predictor. A previous
study similarly found that misbelief about complications from
childhood vaccinations (that MMR vaccination causes autism in
children) reduced intentions to vaccinate against ZIKV and was
the strongest predictor [24]. Thus preexisting attitudes and beliefs
about childhood vaccination are critical factors for accepting a new
vaccine, especially when the public members show lack of under-
standing of the threat of the disease. Altogether, these results indi-
cate that to achieve increased ZV acceptance, it is critical not only
to increase the knowledge about Zika itself but also to minimize
vaccine hesitancy. This approach would increase positive beliefs
related to vaccine safety and efficacy, and improve attitudes and
trust forwards vaccination. In the Indonesian context, a mixed
religion-health-based approach might be the most suitable strat-
egy to disseminate ZV information. In this strategy, as explained
previously [45–47], trusted individuals (health professionals such
as nurses and doctors, and religious leaders) are involved together
with a recommendation from trusted authorities such as the Min-
istry of Health and Provincial Health Office. The involvement of
trusted parties is critical because trust is one of the most important
factors for a successful vaccination program [48]. This strategy
minimizes barriers to vaccination such as fear of side effects,
improves beliefs regarding the efficacy and usefulness of vaccines,
and also minimizes distrust and religious barriers. In our perspec-
tive, distrust and religious barriers are the most important factors
that should be mitigated. In Indonesia, with 87.18% of population
Muslim in 2010, one of the crucial issues is related to halal certifi-
cation (does not contain any haram materials). It is critical that a
ZV can be distributed after receiving certification from the Indone-
sian Ulema Council, Indonesia’s top Muslim clerical body. Unsolved
halal certification issues not only increases the potential for reject-
ing a new vaccine, but it also increases the refusal and hesitancy
related to compulsory childhood vaccinations. This issue is one of
the important contributing factors related to the increase of
vaccine-preventable diseases cases in Muslim-majority countries
[49]. Therefore, information addressing religious concerns of halal
issue must be given priority before a new vaccine being introduced
in Muslim-majority countries, including Indonesia.

Although almost 80% participants expressed their acceptance of
ZV, our study found that only 35.3% of respondents were willing to
pay for ZV. This underscores that the provision of partially or fully
subsidized vaccines will be necessary to achieve high vaccine cov-
erage and this should be taken into account for ZV vaccine policy.
There are at least three predictors identified for WTP: having heard
about Zika disease, having a permanent job, and earning a high
monthly income (more than IDR five million). Understandably,
wealthy respondents with a permanent job and higher income
are willing to pay more money for ZV. In the context of other vac-
cines, previous studies also constantly found that income per cap-
ita or economic status is one of the robust predictors for WTP [50–
55]. This indicates that individuals with a higher income can afford
a more expensive ZV.

Our data also indicated that having heard about Zika prior to
our study is associated with a higher WTP for a ZV. So far there
is no study that has confirmed the association of preexisting infor-
mation with WTP. Although the attitude towards childhood vacci-
nation is the strongest factor for acceptance, this variable is not
associated with WTP. We found that, WTP is more influenced by
socioeconomic-related variables such as having a job and a high
monthly income. This indicates that the provision of partially or
fully subsidized ZV will be necessary in Indonesia.

Our study also indicated that prior knowledge on Zika is an
independent predictor for an increased WTP for ZV. On the other
hand, attitude towards childhood vaccination, which is a signifi-
cant predictor for acceptance, is not associated with an increase
in WTP. Plausible explanation for this is that acceptance and
WTP are two distinct behavioral constructs, and hence are
explained by different sets of predictors. Hence, although attitude
is a predictor of behavior, including for WTP [56], acceptance and
WTP are likely to be preceded by different kind of attitudes. This
may also explains why most of our subject refused to pay for the
proposed vaccine, in spite of their acceptance. Further, it has been
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demonstrated that awareness of consequences of a certain action is
a determinant of attitude that supports WTP for that action [57]
that is likely to be influenced by knowledge. That is, we postulate
that knowledge of Zika increases WTP for ZV, insofar as that
knowledge contributes to the awareness of consequences of Zika
infection.

There are some limitations of this study. Firstly, although there
is evidence of recent widespread ZIKV infection throughout
Indonesia [15], Zika cases have been reported among travelers
after visiting Indonesia [16,17] and ZIKV has recently been isolated
from a local inhabitant [18], no symptomatic Zika cases or Zika-
related microcephaly has been reported in the country. Therefore,
the respondents were provided with brief information related to
ZIKV infection prior to interview. This might have diluted the OR
and therefore reduced the association power between the variable
of ‘‘having heard about Zika” and both acceptance and WTP, com-
pared to those who never heard about Zika prior to our study. Sec-
ondly, a convenience sampling method was used and therefore a
selection bias might exist in this study. Thirdly, most of our contin-
uous variables were converted into dichotomous scores. Although
it helps in interpreting the results, this potentially leads to a con-
siderable loss of explanatory power. Fourthly, social desirability
bias was inevitable in which participants might tend to give per-
ceived favorable answers about acceptance and WTP. Finally, this
study was conducted when no ZV had been approved and licensed
and therefore a hypothetical bias might exist in which respondents
misstate their actual preferences on acceptance or WTP.
5. Conclusions

Acceptance of the ZV among inhabitants of Aceh and West
Sumatra of Indonesia was relatively high, approximately 80%.
Some significant modifiable determinants for ZV acceptance were
identified such as having heard information about Zika and good
attitude towards childhood vaccination including good belief about
vaccine safety and efficacy and better attitude and trust towards
vaccination. Notably, less than 40% of the respondent were willing
to pay for ZV with the mean WTP of US$ 13.1. Economic-related
variables such as having a job and a high monthly income pre-
dicted a higher WTP. Our data indicate that an introduction pro-
gram which is related to Zika and its vaccine and which uses
trusted parties is critical not only to educate the community about
Zika but also to increase their attitude towards general vaccination.
In addition, our findings suggest at least two potential strategies to
achieve a high coverage of ZV, should it be made a policy. First, it
seems that a vaccine that is provided free of charge or very heavily
subsidized will be necessary. Secondly, the private market still can
cover a significant proportion of the population, provided that
information on ZV is to be made widely available, especially focus-
ing of the potential consequences of Zika infection.
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Abstract: One of the crucial steps during trials for Zika and other vaccines is to recruit participants
and to understand how participants’ attitudes and sociodemographic characteristics affect willingness
to participate (WTP). This study was conducted to assess WTP, its explanatory variables, and the
impact of financial compensation on WTP in Indonesia. A health facility-based cross-sectional study
was conducted in eleven regencies in the Aceh and West Sumatra provinces of Indonesia. Participants
were recruited via a convenience sampling method and were interviewed. The associations between
explanatory variables and WTP were assessed using a two-step logistic regression analysis. A total of
1,102 parents were approached, and of these 956 (86.8%) completed the interview and were included
in analysis. Of those, 144 (15.1%) were willing to participate in a Zika vaccine trial without a financial
compensation. In the multivariate analysis, WTP was tied to an age of more than 50 years old,
compared to 20–29 years (odds ratio (OR): 5.0; 95% confidence interval (CI): 2.37–10.53), to being
female (OR: 2.20; 95% CI: 1.11–4.37), and to having heard about Zika (OR: 2.41; 95% CI: 1.59–3.65).
Participants’ WTP increased gradually with higher financial compensation. The rate of WTP increased
to 62.3% at the highest offer (US$ 350.4), and those who were still unwilling to participate (37.7%) had
a poorer attitude towards childhood vaccination. This study highlights that pre-existing knowledge
about Zika and attitudes towards childhood vaccination are important in determining community
members being willing to participate in a vaccine trial. Financial incentives are still an important
factor to enhance participant recruitment during a vaccine trial.

Keywords: Zika; Zika vaccine; vaccine trial; willingness to participate; vaccine acceptance

1. Introduction

Zika, caused by Zika virus (ZIKV), is re-emerging public health threat. Reported for the first time
in humans in Nigeria in 1954 [1], this disease was subsequently not reported for decades before causing
an outbreak in the Yap Islands of the Pacific in 2007 [2]. Since then Zika continued to spread and has
been reported in 86 countries in the Americas, Africa, and southeast Asia [3]. Multiple outbreaks of
microcephaly cases have also been reported [4–7], and this devastating complication was one factor
that led the World Health Organization (WHO) to declare ZIKV infection as a Public Health Emergency
of International Concern (PHEIC) and as an ongoing challenge in 2016. Since then, intense actions
have been undertaken to control this new emerging threat, and the development of a vaccine is a key
priority [8–11].

Multiple Zika vaccine candidates are being developed [12–14], and one of the key crucial steps
before a vaccine can be licensed and approved is that the vaccine should be tested in human clinical
trials. One of the challenges in conducting such study is the recruitment of an adequate number of
participants. One study found that only 31% of 114 trials in the UK achieved the original recruited
target, and 53% of trials required an extension, with difficulties in recruiting a sufficient number of
participants as one of the reasons [15]. Consequently, the study may have delayed completion, incur
additional costs, or have inconclusive outcomes [15–17].

Participant recruitment is dependent on the target populations’ willingness to participate (WTP).
Several motivations and barriers have been identified to be associated with WTP in clinical trials [18–20].
In Indonesia, only one study has been conducted to assess the WTP in a medical related study and
found that being female, working as a civil servant, private employee or entrepreneur, having a high
socioeconomic status and good knowledge, attitude and practice related to the disease were associated
with WTP [21]. However, new emerging infectious disease with severe complications for infants, such
as ZIKV infection, might have additional considerations. It is possible that people may be less aware
of the emerging disease or may be more concerned about vaccine safety, and their willingness to be
vaccinated may be coloured by their attitudes towards vaccination in general. Understanding how
these factors relate to WTP in advance of a clinical trial can lead to better assurance that there will
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be adequate community participation during the vaccine trial. The current study was conducted to
determine the WTP in a Zika vaccine trial, its possible explanatory factors, and the impact of financial
compensation on WTP.

2. Material and Methods

2.1. Study Design and Study Participants

Between 1 February and 13 June 2018, a health facility-based cross-sectional study was conducted
in two provinces located on Sumatra in Indonesia, which were Aceh and West Sumatra. The study sites,
purposefully selected to include both urban and suburban areas, covered eleven out of 42 regencies
or municipalities in those provinces. To recruit study participants, patients who visited outpatient
departments of hospitals or community health centres (Puskesmas) were recruited via a convenience
sampling method and interviewed. Those who were married, have had children or were expecting
their first child during the study (collectively called parents) and had resided in the selected regencies
for more than 3 months were considered to be eligible.

2.2. Study Instrument

A structured questionnaire was designed and developed to assess the WTP and the impact of
financial compensation on WTP. The questionnaire was also designed to collect sociodemographic data
and other potential explanatory variables of WTP, such as having heard about Zika and support of a
Zika vaccine. Attitude towards childhood vaccination, another potential explanatory variable, was also
assessed using an established Parent Attitudes about Childhood Vaccines (PACV) questionnaire [22].
The content validity of the questionnaire, including the Indonesian-translated version of PACV, was
evaluated by an expert committee consisting of a medical doctor, a family medicine doctor and a
microbiologist. The questionnaire was tested for accuracy in a pilot study among ten participants and
corrections were made accordingly.

2.3. Measures

2.3.1. Dependent Variable

The dependent variable in this study was WTP in a Zika vaccine trial. Prior to the interview, the
respondent was informed that: (a) currently, no Zika vaccines have been approved and are available
on the market, and they are therefore being developed and tested in trial involving human beings;
(b) human trials are important to assess the safety and efficacy of a vaccine prior to its approval to
be on the market; (c) the vaccine that is being tested was formulated using an inactivated, subunit,
or conjugate vaccine against ZIKV infection and thus could not cause Zika; and (d) there was no
information on the adverse effects of vaccine in humans but the vaccine showed no adverse effect
during animal study. To ascertain the WTP, with no financial compensation, participants were asked
whether they were willing to participate in a vaccine trial for a hypothetical Zika vaccine, as described,
where the vaccine needs to be injected intramuscularly and their blood would need to be collected
multiple times after vaccination. The possible responses were “yes” or “no”.

2.3.2. Independent Variables

a. Sociodemographic Data

We collected sociodemographic data of the participants, including age, gender, educational
attainment, employment status, monthly income, and number of children. Educational attainment was
defined as the highest level of formal education completed, and employment status was dichotomized
into employed and unemployed. Monthly income, the average money earned each month, was
measured by asking the participants to choose the closest amount of money from a list in Indonesian
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Rupiah (IDR), which was then converted to US$ using a July 2018 exchange rate. The number of
children was also recorded and grouped into four categories (first pregnancy, 1–2, 3–5, and more
than 5 children). We also asked the participants whether they had heard about Zika prior to the
present study.

b. Attitude for Childhood Vaccination

To measure attitudes for childhood vaccination, the PACV questionnaire was used. The
questionnaire measured three sub-domains: vaccination behavior, belief in vaccine safety and efficacy,
and general attitude towards childhood vaccination [23]. It consisted of 15 questions with four types
of possible responses: “yes”/”no”/”do not know”, 5-point Likert-scale responses (“strongly agree” to
“strongly disagree”), 5-point Likert-scale responses (“not at all concerned” to “very concerned”), and a
10-point Likert-scale (“not at all sure” to “completely sure”). As proposed previously [22–24], responses
to each question were scored as follow: hesitant (scored as 2), not sure (scored as 1), and non-hesitant
(scored as 0). Then, the score of each response were summed into an additive scale ranging from 0
to 30, in which higher scores indicate more hesitant for childhood vaccination. For those who were
currently expecting their first child during the interview, two questions, within behavior sub-domain
were not applicable and therefore the maximum total score was 26. For each respondent, the total raw
score of attitudes towards childhood vaccination and its sub-domain was converted into a 0–100 scale
and then dichotomized into two categories: good attitude (score < 50) and poor attitude (score ≥ 50),
as recommended [23–26].

c. Support to Zika Vaccine

Before assessing acceptance of the vaccine, brief information about Zika was provided to
participants. Participants were told that the Zika vaccine was safe, 90% protective vaccine against
ZIKV, and needs to be injected into the body through the deltoid muscle. Acceptance of a hypothetical
Zika vaccine was assessed by asking the likelihood of participants: (a) to be vaccinated and (b) to
recommend their partner to get vaccinated against ZIKV infection. The possible responses were on a
five-point Likert-type scale (from “very unlikely” to “very likely”) and scored as follow: 0 was given
for “very unlikely” and “unlikely”, 1 for “undecided” and 2 for “likely” and “very likely”. The two
questions were added together, with a score ranging from 0 to 4, which was further dichotomized into
“willing” and “not willing” based on a 75% cut-off point (i.e. score 3 or more classified as “willing”).

d. The Role of Financial Compensation

To assess the impact of financial compensation on WTP, the participants were asked whether
they were willing to participate based on varying amounts of money as compensation. The bids
were selected randomly from a list (US$ 3.5, 7.0, 17.5, 35.0, 52.6, 70.1, 140.1, and 350.4). The possible
responses were “yes” or “no”.

2.4. Statistical Analysis

Based on the conservative assumption that the WTP rate was 50% with a confidence interval of
95% and a 5% margin of error, the minimum sample size required was 385. The possible explanatory
variables influencing WTP in a Zika vaccine trial were explored using a two-step logistic regression
analysis. All explanatory variables (sociodemographic, attitude towards childhood vaccination and
support of vaccine) were included in the univariate analysis. Explanatory factors with p ≤ 0.25 in this
step were entered into the multivariate analysis. All estimated odds ratio (OR) was interpreted in
relation to a reference category (R). The possible confounding factors were assessed by comparing the
crude OR and the adjusted OR (aOR) [27–32]. All analyses were performed using SPSS for Windows
(Version 15, Chicago, IL, USA).
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2.5. Ethical Consideration

In compliance with national legislations and the code of ethical principles in the Declaration of
Helsinki, the protocol of this study was approved by the Institutional Review Board of the School of
Medicine, Syiah Kuala University, Banda Aceh, Indonesia (19/EA/FK/2018). Prior to the interview,
the participants were: (a) provided with a brief information of the study aims, risks and benefits;
(b) informed that participation in this study was voluntary and no incentive will be given; (c) informed
that they could withdraw any time during the interview; and (d) asked to sign a pre-coded informed
consent form once they agreed to participate. To ensure the anonymity of the respondent and
confidentiality of the data, an identifier code was assigned for each questionnaire and its matching
informed consent form and this code was used in all analyses.

3. Results

3.1. Participants’ Characteristics

Out of 1102 participants who were contacted, a total of 956 (86.8%) were included in the analysis;
data from 145 (13.2%) participants were excluded due to incomplete interviews. A majority (86.5%)
of the participants were female and approximately half were between 30–39 years old (Table 1).
Approximately 45% of respondents had attended a university, and none were illiterate. There was
approximately an equal proportion of employed and unemployed participants (50.7% vs. 49.3%). More
than half of the participants earned less than IDR 3 million (US$ 210.2) every month and approximately
60% of them had 1–2 children. In addition, this study found that only 252 (26.4%) of participants had
heard about Zika prior to the interview. Overall, 84.1% of participants had a good attitude towards
childhood vaccination and the prevalence of participants who had good scores for each sub-domain
was 60.2% for vaccination behavior, 92.8% for general attitude towards vaccination, and 38.4% for
vaccine safety and efficacy. In total, 79.2% of participants stated their support for Zika vaccine.

Table 1. Participants’ characteristics (n = 956).

Variable n (%)

Age group (years)
20–29 (R) 230 (24.1)

30–39 469 (49.1)
40–49 189 (19.8)

More than 50 68 (7.1)

Gender
Male (R) 129 (13.5)
Female 827 (86.5)

Educational attainment
Primary school (R) 42 (4.4)
Junior high school 106 (11.1)
Senior high school 361 (37.8)
Diploma certificate 223 (23.3)
University graduate 224 (23.4)

Employment status
Unemployment (R) 471 (49.3)

Employee 485 (50.7)

Types of workplace
Non–healthcare sector (R) 260 (53.6)

Healthcare sector 225 (46.4)

Monthly income (IDR)
Less than 3 million (R) 523 (54.7)

3–5 million 328 (34.3)
More than 5 million 105 (10.9)
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Table 1. Cont.

Variable n (%)

Number of children
The first pregnancy (R) 31 (3.2)

1–2 564 (59.0)
3–5 337 (35.3)

More than 5 24 (2.5)

Have heard about Zika
No (R) 704 (73.6)

Yes 252 (26.4)

Attitude towards childhood
vaccination

Poor (R) 152 (15.9)
Good 804 (84.1)

Vaccination behaviour
sub-domain

Poor (R) 368 (39.8)
Good 557 (60.2)

General attitude sub-domain
Poor (R) 69 (7.2)

Good 887 (92.8)

Vaccine safety and efficacy
sub-domain

Poor (R) 589 (61.6)
Good 367 (38.4)

Acceptance for Zika Vaccine
Unwilling (R) 199 (20.8)

Willing 757 (79.2)

3.2. Factors Associated with Willingness to Participate

In this study, only 144 (15.1%) participants were willing to participate in a Zika vaccine trial
without financial compensation. The univariate analysis found that age more than 50 years old, being
female, having heard about Zika and supporting Zika vaccine were all associated with WTP (p < 0.05)
(Table 2). Education, employment status, monthly income, number of children, attitude towards
childhood vaccination were all not associated with WTP.

After excluding explanatory variables with p > 0.25, our multivariate analysis revealed that an
age of more than 50 years old, being female, and having heard about Zika were the only variables
associated with WTP. Participants in the oldest age group (more than 50 years old) had five times
higher odds of WTP compared to those between 20–29 years (OR: 5.00; 95% confidence interval (CI):
2.37–10.53). Females had double the odds of being willing to participle in a Zika vaccine trial compared
to males (OR: 2.20; 95% CI: 1.11–4.37). Additionally, having heard about Zika was significantly
associated with WTP in a Zika vaccine trial (OR: 2.41; 95% CI: 1.59–3.65). Attitudes towards childhood
vaccination and its subdomains had no association with higher WTP in a vaccine trial.
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Table 2. Univariate and multivariate logistic regression analysis showing predictors of willingness to participate (the second project) in a Zika Vaccine Trial (Willing vs.
Not willing) (n = 956).

Variable Willing to Participate
Yes/No

Univariate Multivariate
OR (95% CI) p-Value aOR (95% CI) p-Value

Age group (years)
20–29 (R) 32/198 1 1

30–39 61/408 0.93 (0.58–1.47) 0.740 1.29 (0.77–2.15) 0.328
40–49 30/159 1.17 (0.68–2.00) 0.574 1.83 (0.97–3.44) 0.061

More than 50 21/47 2.77 (1.46–5.22) 0.002 5.00 (2.37–10.53) <0.001

Gender
Male (R) 11/118 1 1
Female 133/694 2.06 (1.08–3.92) 0.029 2.20 (1.11–4.37) 0.025

Educational attainment
Primary school (R) 4/38 1 1
Junior high school 24/82 2.78 (0.90–8.58) 0.075 2.88 (0.90–9.25) 0.075
Senior high school 56/305 1.74 (0.60–5.08) 0.308 1.95 (0.64–5.97) 0.240
Diploma certificate 23/200 1.09 (0.36–3.34) 0.877 1.14 (0.34–3.83) 0.827
University graduate 37/187 1.88 (0.63–5.59) 0.256 1.84 (0.56–6.05) 0.317

Employment status
Unemployment (R) 79/392 1 1

Employee 65/420 0.77 (0.54–1.10) 0.146 0.78 (0.49–1.26) 0.313

Types of workplace
Non–healthcare sector(R) 34/226 1 –

Healthcare sector 31/194 1.06 (0.63–1.79) 0.821

Monthly income (IDR)
Less than 3 million (R) 77/446 1 –

3–5 million 53/275 1.12 (0.76–1.63) 0.571
More than 5 million 14/91 0.89 (0.48–1.64) 0.712

Number of children
The first pregnancy (R) 7/24 1 1

1–2 87/477 0.63 (0.26–1.50) 0.292 0.46 (0.18–1.18) 0.107
3–5 45/292 0.53 (0.22–1.30) 0.164 0.28 (0.10–0.79) 0.016

More than 5 5/19 0.90 (0.25–3.30) 0.876 0.38 (0.09–1.60) 0.187



Viruses 2018, 10, 648 8 of 14

Table 2. Cont.

Variable Willing to Participate
Yes/No

Univariate Multivariate
OR (95% CI) p-Value aOR (95% CI) p-Value

Have heard about Zika
No (R) 86/618 1 1

Yes 58/194 2.15 (1.48–3.11) <0.001 2.41 (1.59–3.65) <0.001

Attitude towards childhood
vaccination

Poor (R) 18/134 1 1
Good 126/678 1.38 (0.82–2.35) 0.228 1.08 (0.60–1.93) 0.802

Vaccination behaviour
sub-domain

Poor (R) 44/324 1
Good 93/464 1.48 (1.00–2.17) 0.048 –

General attitude sub-domain
Poor (R) 9/60 1

Good 135/752 1.20 (0.58–2.47) 0.627 –

Vaccine safety and efficacy
sub-domain

Poor (R) 87/502 1
Good 57/310 1.06 (0.74–1.53) 0.749 –

Acceptance for Zika Vaccine
Unwilling (R) 20/179 1 1

Willing 124/633 1.75 (1.06–2.89) 0.028 1.53 (0.88–2.67) 0.128

aOR: Adjusted odds ratio; CI: confidence interval; OR: odds ratio; R: reference group.
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3.3. Financial Compensation and Willingness to Participate

Financial compensation increased WTP among participants. Without financial compensation,
15.1% of participants were willing to participate; this percentage increased gradually with a higher
offer of financial compensation, from 18.7% for US$ 7.0 to 26.6% for US$ 35.0. The percentage of
participants who were willing to participate increased up to 62.3% (596/956) at the highest financial
compensation offered, US$ 350.4 (equal to IDR 5 million). There were 360 (37.7%) of participants who
persisted in being unwilling to participate in vaccine trial even at the highest offered compensation
(Figure 1). Our stratified analysis using logistic regression found that unwillingness to participate even
with financial compensation was associated with a poor attitude towards childhood vaccination (OR:
1.67; 95% CI: 1.17–2.36, p = 0.001).
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line indicates the maximum percentage of participants who are willing to participate at the highest
financial compensation.

4. Discussion

To the best of our knowledge, this is the first study reporting the WTP and its associated factors
in the context of a Zika vaccine trial. Our study found that WTP in a Zika vaccine trial was very
low (15.1%) in Indonesia, and that age, gender and having heard about Zika were significantly
associated with WTP. Researchers looking to recruit participants into a vaccine trial could consider
these factors before starting a trial to enhance participation, minimize recruitment costs, and maintain
generalizability of the study population.

Our study identified that being female was associated with a higher WTP. This could be related to
a previous study’s findings, which showed that women are more altruistic than men in Indonesia [33].
Many previous studies have identified altruism, acting with an unselfish regard for others, as one
of the most important factors for WTP in clinical trials or other medical studies [34–41]. One study
specifically identified that women were more likely to participate in a trial because of general altruistic
considerations [39]. In Indonesia, a previous study similarly found that women were more willing
to donate their blood for dengue research [21]. Together, our study on Zika and the previous study
on Dengue [21] indicate that females are likely more willing to participate in health-related research.
However, this finding should also be interpreted carefully because the Zika vaccine trial can prevent
complications in pregnancy, and so women may inherently be more attuned to the benefits of the
trial’s outcome. In Indonesia, a wife usually consults with her partner on issues related to the
household, especially in regards to pregnancy [42]. The husband, in turn, has an important role in
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influencing the behaviour of pregnant women [42] and wives traditionally put their husband’s and
father’s opinion before their own [43]. Similar societal characteristics are found in other low- and
middle-income countries where women’s decision to participate was frequently influenced by their
partner or family [39,44]. In contrast, this phenomenon is not observed in high-income countries
such as the US [45]. In addition, friends and health professionals are other important influencers
related to WTP [44]. These findings indicate that the decision making process to participate in a clinical
trial or another medical-related study is complex and influenced by core family members and other
community members. In the context of a Zika vaccine program, we believe that the decision may be
more complex because of Zika’s association with pregnancy complication, which may then require
additional communication between wife and husband. Therefore, information related to Zika vaccine
trials should be provided not only to study participants, but should also be tailored and made available
to other core family members, if the study participant asks for it.

Another influencing factor for WTP that was identified in this study was having heard about
Zika prior to the study. We assumed that participants who had heard about Zika had better
pre-existing knowledge about Zika, which would promote WTP. Additionally, good knowledge
about Zika produced good perception to the Zika disease. Previously, studies clearly indicated
that good knowledge [21] and good perception of disease risk [46] were predictors for a high WTP.
Previous studies have also found that community members who have good knowledge regarding a
medical study [47], good perception and high awareness concerning medical research [48], and prior
participation in clinical trials [49] are more likely to have a positive response to WTP. In contrast, the
lack of knowledge and awareness about a medical study is a significant barrier to participating [48,50].
These studies highlight the importance of not only adequately providing information about Zika to
potential participants, but also explaining the utility of clinical trials in general in order to increase
positive perceptions about participating in studies.

Our study also indicated that offering a financial incentive increased participants’ WTP. By
providing financial compensation up to US$ 350, the percentage of WTP increased by 47.2% compared
to no compensation (62.3% vs. 15.1%). The increased rate in our study is higher compared to another
study that found a 12.2% absolute increase in those reporting that they would not participate after
mentioning financial incentive [49]. This difference between studies could be influenced by the amount
of the money offered in the study. It has been previously observed that financial compensation is
positively associated with WTP in vaccine trials [49,51].

There are concerns about the use of financial incentives [52,53]—for instance, that the use of
money can remove the voluntary aspect of participating in trials, by being unduly coercive; but
evidence suggests that, at least in high-income countries, greater compensation is not associated
with participants being willing to undergo riskier procedures [54]. Additionally, compensation can
reduce financial barriers for participants, overcome opportunity costs, inertia, and distrust, and fairly
compensate for the time and inconvenience that participants incur [52].

Interestingly, although incentive compensation increased the proportion of WTP, more than a third
of the participants (37.7%) were persistently unwilling to participate even with financial compensation.
Initially we hypothesized that this group might be the wealthiest group of participants. However, our
stratified analysis indicated that this unwillingness to participate was associated with poor attitude
towards childhood vaccination and had no association with monthly income. Solid evidence from
previous studies also revealed that good attitude towards the disease or clinical studies were one
of the strongest predictors for WTP [21,48,55,56]. A study also found that a good attitude towards
childhood vaccination was the strongest predictor for acceptance for a hypothetical Zika vaccine [57].
This underscores that basic attitude towards the disease and vaccination are critical cornerstones that
influence participant recruitment into a vaccine clinical trial.

In this study we have identified factors associated with WTP in a Zika vaccine trial and have
suggested some efforts to be undertaken. Those efforts can mitigate well-known barriers of WTP such
as safety concerns, worries about vaccine-induced seropositivity, side effects, mistrust of researchers,
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and concerns about trial duration, visit frequency and travel distance [51,58–60]. We are concerned
that the magnitude of individuals who were not willing to participate in a clinical trial could affect
generalizability of future clinical trials in Indonesia. An older study population skewed towards
one gender may have different biological responses to a vaccine candidate. Providing financial
compensation and educating the community about the benefits of clinical trials and of vaccination are
some ways to increase the response rate.

This study had some limitations. The measured WTP was only a stated behavioral intention and
therefore may not reflect or predict actual enrolment of community members into a Zika vaccine trial
in Indonesia. We did not assess trust, altruism, and psychological barriers which could affect actual
participation rates and which may mediate some associations we did observe in this study. We are
also unable to confirm the role knowledge of Zika on WTP. Finally, the sociocultural background of
participants from the two provinces in this study may not be representative of Indonesia as a whole
because of this country’s diversity. By undertaking a convenience sample from health facilities, we
may have also biased our sample towards individuals who were sicker or who were more likely to
receive medical treatment, which could have both affected WTP in a clinical trial.

5. Conclusion

Our study found that the WTP in a Zika vaccine study was low among community members in
Indonesia and that being female and knowing about Zika prior to the study were associated with higher
WTP. Efforts to increase knowledge and general attitudes towards vaccination among community
members may therefore be critical to enhance participant recruitment. Financial incentives are also
important to increase the participation rate of community members and to maintain a generalizable
study population.
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The following collaborative papers on Arboviruses in Indonesia arose during 
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during the candidature period and not contribute to, this thesis. 
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The following posters and presentations have arisen from the thesis and were 

presented during candidature period.  
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1. October 2018: Harapan H, McCarthy S, Michie A, Ernst T, Muhsin M, 
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P-Y, Sasmono RT, Smith D, Imrie A. Dengue and chikungunya infection 

in Indonesia [67th Annual Meeting American Society of Tropical Medicine 

& Hygiene, 29 October – 1 November 2018, New Orleans, Louisiana, 
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Western Australia, Perth, Australia]. 

 

5. August 2018: Harapan H, McCarthy S, Michie A, Ernst T, Mudatsir M, 
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DENV-1 and DENV-2 in Bali, Indonesia [9th Australasian Virology Society 

Scientific Meeting, Glenelg, Adelaide, South Australia, 5-8 December 

2017].  

 

7. August 2017: Harapan H,  Ernst T, McCarthy S, Panta K, Imbrogno K, 

Smith D, Imrie A. Genotype replacement of DENV-1 and persistent 

transmission of outbreak-associated lineage of DENV-2 in Bali, Indonesia, 

2016 [Combined Biological Sciences Meeting, 25 August 2017, The 

University Club, University of Western Australia, Perth, Australia].  
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1. May 2019: Harapan H, Ernst T, Panta K., McCarthy S, Smith DENV, Imrie 
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Symposium Pathogen Discovery: from Genomics to Disease Recognition 

and Response, The University Club, University of Western Australia, 2-3 

May 2019, Perth, Australia]. 

 

2. August 2018: Harapan H, Imrie A. Transmission dynamics of major 

arboviruses in the Asia-Pacific region [28th Combined Biological Sciences 

Meeting, The University Club, University of Western Australia, 31 

August 2018, Perth, Australia]. 

 

3. July 2018: Allison Imrie, Harapan H. Arboviruses in the Asia Pacific 

region: Tracking virus movement and understanding disease 

pathogenesis [Infectious Diseases Breakfast Meetings 2018, PathWest 

Laboratory Medicine, 19 July 2018, Perth, Australia]. 

 

4. May 2018: Harapan H, Imrie A, Smith D, Mackenzie J, Sasmono RT. 

Movement of dengue and chikungunya viruses between Indonesia and 

Australia [NHMRC Centre of Research Excellence in Emerging Infectious 

Diseases CREID Annual Colloquium, University of Sydney, 31 May 2018, 

Sydney, Australia].  

 

5. August 2017: Harapan H, Imrie A, Smith D, Mackenzie J, Sasmono T. 

Characteristic of dengue viruses isolated among Western Australia 

travelers entering from Asia-Pacific region, 2016 [Annual Meeting of 

Australian Partnership for Preparedness Research on Infectious Disease 
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FORM  

DENGUE HEMORRHAGIC 
FEVER CASE 
INVESTIGATION  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

THE UNIVERSITY OF WESTERN AUSTRALIA 
EIJKMAN INSTITUTE FOR MOLECULAR BIOLOGY 
SYIAH KUALA UNIVERSITY 
YEAR 2015/2016 
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         CM  

             
    

E DEMOGRAPHIC DATA 
 

 
1. Date of birth                       (In year)       
 
2. Sex     Male         Female 
 
3. The highest education  Tidak tamat SD    Senior high school 

Primary school    Diploma III 
Junior high school    Graduate from university or higher  

 
4. Occupation    Sivil servent   Farmer 
    Private sector employee  Retairetment  
    Enterpreneur   Student/University Student 
 
5. Marrital status   Single    Widow  
    Married   
 

6. Monthly income (in rupiah)?  
<1 million 
1 ‒ ≤2 million 
2 ‒ ≤3 million 
> 3 million  
 

7. Do you have a family member(s) (son/doughter/wife/husband/father/mother/sister/brother) that had been diagnosed 
with dengue before?  

Yes                    Year:  (Write all years when more than once) 

No 
 

8. Have you been diagnosed with dengue before? 
Yes                  Year:                                                                (Write all years when more than once) 
No 
 

9. During the 14 days before onset of illness, did you travel to other cities or countries? 
Yes                  Where:         (Write the name of the cities or countries) 

No 
 

10. Did someone in your place (your neighbour) had diagnosed with dengue? 
Yes                  When:                                                                    (Write all year when the case occured) 

No 
 

11. How long have you lived in this city?                 (In year) 
 

 

 
 

 
THE DAY OF THE FIRST OF FEVER? 
 
 
 
 

 
 
 
 

 
 

 
 

 
(Name and sign of assessor) 

Year Month Day  Age     Give a tick  √ 

Day Month 

 Date of interview:  



 

Ethical Approval: Ethical Clearance Committee of Medical Faculty, Syiah Kuala University – No. 269/KE/FK/2014 and Human Research Ethics Office, 
The University of Western Australia – No. RA/4/1/8550. Research Permit: Aceh Provincial Health Office – No. 443.42/1214/2015.    

A
p

p
en

d
ix

 V
 

E CLINICAL DATA  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

NO STATEMENT Yes No 
Do not 
know 

1 Clinical sympthom  

A* Fever 2-7 days    

B* Nausea, vomiting                                                               

C* Aches and pains    

D Eye pain    

E Chills    

F Headache    

 Clinical signs  

G Rapid and weak pulse    

H Pallor or cool skin    

I* Rash    

J* Tourniquet test positive    

K* Leucopenia     

L Petechiae    

2 Warning signs  

A Abdominal pain or tenderness    

B Persistent vomiting     

C Clinical fluid accumulation     

D Mucosal bleed    

E Lethargy      

F Liver enlargement  > 2cm     

3 Severe Dengue  

A Shock    

B Respiratory distress      

C Severe bleeding     

E Impaired conciousness    

 
 

 
(Name and sign of assessor) 

Day Month

  Date of anamnesis and assessment  

√ √ √ 
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E LABORATORY DATA 
 

 

 

NO LABORATORY TEST 
Day of hospitalisation 

Day-1 Day-2 Day-3 Day-4 Day-5 Day-6 Day-7 Day: 

A Routine blood test         

 

Hemoglobin  (gram/dL)         

Hematocrit  (%)         

leucocyte (103 sel/mm3)          

Thrombocyte (103sel/mm3)         

Differential Count         

Eosinophil (%)         

Basophil  (%)         

Segmented neutrophils (%)         

Lymphocyte  (%)         

Monocyte  (%)         

B Hemostatic function         

 
Bleeding time (min)         

Clotting Time (min)         

C 
Erythrocyte sedimentation 
rate (mm/h)  

        

D Electrolite          

 

Sodium  (Na) (mmol/L)         

Potassium (K) (mmol/L)         

Chloride  (Cl) (mmol/L)         

E Kidney  Function         

 
BUN (mg/dL)         

Creatinine  (mg/dL)          

F Liver Function          

 
AST (SGOT) (U/L)          

ALT (SGPT) (U/L)          

G Dengue Serology          

 
IgM (Positive/Negative)         

IgG (Positive/Negative)         

H Others         
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E RESUME DATE 
 

 

 
 

 

 

 

 

 

 

NO STATEMENT Yes No Do not know 

A DURING HOSPITALISATION, DID THIS SIGN AND SYMPTHOMS OCCURRED? 

1 Warning signs  

 

Abdominal pain or tenderness    

Persistent vomiting     

Clinical fluid accumulation     

Mucosal bleed    

Lethargy      

Liver enlargement  > 2cm     

2  Sign and Sympthom of  Severe Dengue 

 

Shock    

Respiratory distress      

Severe bleeding     

Impaired conciousness    

3 Organ failure 

 

Heart    

Kidney     

Liver    

B FINAL OUTCOME    

1 Discharged without any complication due to dengue     

2 
Discharged with complication (s) due to dengue  

(Explain the complication):  

  

3 Admitted to referal hospital (Explain the reason):   

4 Death    

 
 

 
(Name and sign of assessor) 

√ √ √ 

Day Month

  Date of anamnesis and assessment  
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For more information: 
T: +61435784971 ǁ  
E: harapan.harapan@research.uwa.edu.au ǁ 
E: harapan@unsyiah.ac.id ǁ  
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DAFTAR ISIAN  

LAPORAN PENYELIDIKAN 
KEJADIAN DEMAM 
BERDARAH DENGUE 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 
  THE UNIVERSITY OF WESTERN AUSTRALIA 

EIJKMAN INSTITUTE FOR MOLECULAR BIOLOGY 
UNIVERSITAS SYIAH KUALA 
TAHUN 2015/2016 
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         CM 
                 

I DATA DEMOGRAFI PASIEN  
 

 
 

12. Tanggal lahir                      (Dalam tahun)       
  
13. Jenis Kelamin    Laki-laki         Perempuan 
 
14.  Pendidikan Terakhir  Tidak tamat SD    Tamat SMA/SLTA 

Tamat SD    Diploma III 
Tamat SMP/SLTP    Sarjana/Pascasarja 

 
15. Pekerjaan    Pegawai Negeri Sipil (PNS)  Petani 
    Pegawai Swasta   Pensiunan PNS/Swasta  
    Wiraswasta    Siswa/Mahasiswa  
 
16. Status Perkawinan  Belum Kawin   Janda / Duda  
    Kawin   
 

17. Suku    Aceh  Batak/Karo Gayo/Alas   
Jawa  Minang  Lainnya             (Sebutkan) 

 
18. Berapa pendapatan pasien perbulan rata-rata?  

<1 Juta 
1 ‒ ≤2 Juta 
2 ‒ ≤3 Juta 
> 3 Juta 
 

19. Apakah anggota inti keluarga pasien (anak, istri/suami, ayah, ibu, kakak, abang atau adik) pernah menderita  
demam berdarah dengue (DBD) sebelumnya? 

Ya                    Tahun:  (Tulis semua tahun saat keluarga pasien menderita DBD) 

Tidak 
 

20. Apakah pasien pernah dirawat di rumah sakit / Puskesmas kerena DBD atau didiagnosa dokter menderita DBD? 
Ya                  Tahun:                                                                (Tulis semua tahun saat pasien menderita DBD) 
Tidak 
 

21. Selama 14 hari sebelum sakit apakah pasien ada melakukan perjalanan ke kota lain atau negara? 
Ya                  Kemana:         (Tulis nama kota atau negera yang dikunjungi pasien) 

Tidak 
 

22.  Apakah di sekitar tempat tinggal (rumah) pasien pernah ada rekan/teman menderita DBD? 
Ya                  Tahun:                                                                     (Tulis semua tahun yang pasien mengetaui adanya 

kasus DBD) 

Tidak 
 

23. Sudah berapa lama pasien tinggal di tempat tinggal sekarang?             (Dalam tahun) 
 

 

 
HARI INI DEMAM HARI KEBERAPA?  
 
 

Tahun Bulan Tanggal  Umur     Beri tanda √ 
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I DATA KLINIS 
 

 
Apakah memenuhi kriteria kasus sangkaan dengue (probable dengue case)? (1A + dua tanda/gejala (*) atau 1 tanda/gejala 

kelompok 2) 
 
 
 
 
 

 
 
 
 

 
 
 
 

 
 

 

NO PERNYATAAN Ada Tidak Tidak Tahu 

1 Gejala Klinis – Clinical sympthom  

A* Demam antara 2-7 hari – Fever    

B* Mual dan muntah  – Nausea, vomiting                                                               

C* Nyeri sendi / otot / tulang – Aches and pains    

D Sakit retro-orbita (sakit di belakang mata) – Eye pain    

E Merasa kedinginan – Chills    

F Sakit kepala – Headache    

 Tanda Klinis – Clinical signs  

G Nadi kencang dan lemah – Rapid and weak pulse    

H Kulit pucat dan dingin – Pallor or cool skin    

I* Ruam pada kulit – Rash    

J* Tourniquet / Rumpel-Leede positif – Tourniquet test positive    

K* Leukopenia – Leucopenia     

L Petekie – Petechiae    

2 Gejala / Tanda Peringatan – Warning signs  

A Nyeri abdomen dan  nyeri tekan – Abdominal pain or tenderness    

B Muntah yang berkepanjangan – Persistent vomiting     

C Tanda-tanda akumulasi cairan seperti edema paru – Clinical fluid accumulation     

D Perdarahan mukosa – Mucosal bleed    

E Penurunan kesadran – Lethargy      

F Pembesaran hati > 2 cm – Liver enlargement  > 2cm     

3 Tanda dan Gejala DSS – Severe Dengue  

A Syok – shock     

B Distress pernapasan – Respiratory distress      

C Perdarahan massif – Severe bleeding     

E Gangguan kesadaran – Impaired conciousness    

 
 

 
(Nama dokter pemeriksa dan paraf) 

Tanggal Bulan 

Tanggal anamnesis dan pemeriksaan 

YA 

TIDAK 

NS1 TES 

√ √ √ 
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I DATA LABORATORIUM PASIEN 
 

 
 
 
 
 
 

NO PEMERIKSAAN 
Hari Rawatan Di Rumah Sakit 

Hari-1 Hari-2 Hari-3 Hari-4 Hari-5 Hari-6 Hari-7 Hari: 

A Darah Rutin         

 

Hemoglobin (gram/dL)         

Hematokrit (%)         

Leukosit (103 sel/mm3)          

Trombosit  (103sel/mm3)         

Hitung Jenis          

Eosinofil (%)      
   

Basofil (%)         

Netrofil segmen (%)         

Limfosit (%)         

Monosit (%)         

B Fungsi Hemostasis         

 
Waktu perdarahan (menit)         

Waktu pembekuan (menit)         

C Laju Endap Darah (mm/jam)          

D Elektrolit         

 

Natrium (Na) (mmol/L)         

Kalium  (K) (mmol/L)         

Klorida (Cl) (mmol/L)      
   

E Fungsi Ginjal         

 
Ureum (mg/dL)         

Kreatinin (mg/dL)          

F Fungsi Hati          

 
Nilai AST (SGOT) (U/L)          

Nilai ALT (SGPT) (U/L)          

G Serologi Dengue         

 
IgM (Positif/Negatif)         

IgG (Positif/Negatif)         

H Lain-lain         
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I DATA RESUME 
 

 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NO PERNYATAAN Ada Tidak Tidak Tahu 

A SELAMA PERAWATAN APAKAH PASIEN PERNAH MENGALAMI? 

1 Gejala / Tanda Peringatan – Warning signs  

 Nyeri abdomen dan  nyeri tekan – Abdominal pain or tenderness    

 Muntah yang berkepanjangan – Persistent vomiting     

 Tanda-tanda akumulasi cairan seperti edema paru – Clinical fluid accumulation     

 Perdarahan mukosa – Mucosal bleed    

 Penurunan kesadran – Lethargy      

 Pembesaran hati > 2 cm – Liver enlargement  > 2cm     

2 Tanda dan Gejala DSS – Severe Dengue  

 Syok –  shock    

 Distress pernapasan – Respiratory distress      

 Perdarahan massif – Severe bleeding     

 Gangguan kesadaran – Impaired conciousness    

3 Gagal Organ – Organ failure 

 Jantung      

 Ginjal     

 Hati    

B HASIL AKHIR?    

1 Pulang sembuh tanpa ada komplikasi yang disebabkan DBD    

2 
Pulang setelah terjadinya komplikasi  yang disebabkan DBD  

(Sebutkan komplikasinya):  

  

3 Dirujuk ke Rumah Sakit lain (Alasan):   

4 Meninggal   

 
 

 
(Nama dokter penilai dan paraf) 

Tanggal Bulan 

Tanggal penilaian 

√ √ √ 
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Info lebih lanjut:  
T: +61435784971 ǁ  
E: harapan.harapan@research.uwa.edu.au ǁ 
E: harapan@unsyiah.ac.id ǁ  
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Appendix VI 
QUESTIONNAIRE TO MEASURE KNOWLEDGE, ATTITUDE AND 

PRACTICE TOWARDS DENGUE FEVER 
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Details of questions used to measure knowledge, attitude and practice towards 

dengue fever among community members in Aceh, Indonesia  

 

 

A Knowledge Domain 

 

 

 

 

 

 

 

 

Questions /Statement  
Answer  

Yes No 

Dengue is caused by a virus.   

Can all mosquitoes transmit dengue virus?   

Do the Aedes mosquitoes transmit dengue virus?    

Do flies transmit dengue virus?   

Do ticks transmit dengue virus?    

Does casual person to person contact transmit DF?    

Is dengue virus transmitted through food and water?    

Do mosquitoes breed in standing water?    

Do windows screens and bed net reduce mosquitoes?   

Do insecticides sprays (such as Baygon) reduce mosquitoes and 

prevent DF?  

  

Do tightly covering water containers reduce mosquitoes?    

Do mosquito repellents prevent mosquito bites?    

Does dengue virus transmitted to humans by the bite of female 

Aedes mosquitoes that have been infected?  

  

Is the rainy season the only season when DF present?    

Can you identify Aedes mosquitoes?    

When are the Aedes mosquitoes most likely to feed/bite?    

Is headache a symptom of DF?    

Is joint pain a symptom of DF?    

Is muscle pain a symptom of DF?    

Is pain behind the eyes a symptom of DF?    

Is bone sore a symptom of DF?     

Are nausea/vomiting symptoms of DF?    

Is rash a symptom of DF?    

Is diarrhea common in DF?    

Is stomach pain common in DF?   

Is gums bleeding common in DF?    

Can a person be suffered from DF more than once?    

Does DF affect infants, children and adults?    
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B Attitude Domain 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Question/Statement 
Responses 

SA A NS D SD 

Is DF a serious illness?      

Can all mosquitoes transmit dengue virus?      

Can DF be prevented?      

Is controlling the breeding places of mosquitoes a 

good strategy to prevent DF? 

     

Do you think that stagnant water around the houses 

in discarded tyres, broken pots and bottles are 

breeding places of Aedes mosquitoes? 

     

Do you think communities should actively 

participate in controlling the vectors of DF?  

     

Everyone has a chance to be suffered from DF.        

If I experience signs and symptoms of DF, I would 

immediately come to Community Health Centre   

     

You are the key individuals in preventing DF.      

All DF patients have a chance for a full recovery.      

The government is doing their best to prevent DF.      

Your neighborhood is a DF high-risk area.      

Community members are capable of preventing DF.      

You are capable of preventing DF.        

Government actions are needed for DF prevention.      

SA: Strongly agree, A: Agree, NS: Not sure, D: Disagree and SD: Strongly disagree 
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C Practice Domain 

 

 

Questions/Statement 
Responses 

Yes No 

Use screen windows to reduce mosquitoes.   

Prevent water stagnation.    

Cut down bushes in the yard to reduce mosquitoes.    

Use mosquito eating fish to reduce mosquitoes.    

Cleaning of garbage/trash.    

Disposing water holding containers such as tires, parts of 

automobiles, plastic bottles, crack pots.  

  

Use of fan to prevent mosquito biting.    

Covering body with clothes when working in the bush, farm or 

forest.  

  

Cover water containers in the home.    

Change the water plant containers in the house every week.    

Change the water in flower containers.    

Check the waste / garbage that can block the flow of water around 

home.  

  

Participate in any of the dengue infection campaign in the 

community.  

  

Check and clean the drains / gutters roofs of the rainy season. Yes   

Use bed net when sleeping during day.    

Frequently cleaning water filled containers and ditches around the 

house. More than once per week  
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Appendix VII 
QUESTIONNAIRE TO MEASURE KNOWLEDGE AND ATTITUDE 

TOWARDS ZIKA INFECTION 
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Details of questions used to measure knowledge and attitude towards Zika 

infection among general practitioners in Indonesia 

 

 

A Knowledge Domain 

 

 

B Attitude Domain 

 

 

 

Questions /Statement  
Answer  

Yes No 

A pregnant woman already infected with Zika virus can pass Zika 

virus to her foetus during pregnancy through placenta   

  

A mother can pass Zika virus to her child through breastfeeding   

Zika infection during pregnancy can cause foetuses to have a birth 

defect 

  

Zika infection during pregnancy can cause foetuses to have a birth 

defect of the hearth called Ventricular Septal Defect (VSD) 

  

Zika infection during pregnancy can cause foetuses to have a birth 

defect of the brain called microcephaly 

  

Question/Statement 
Responses 

SA A NS D SD 

Do you think a pregnant woman with laboratory 

evidence of Zika virus infection should 

undergo caesarean section to prevent intra 

uterine infection?  

     

Do you think infants born from mothers with 

possible Zika virus infection during 

pregnancy should receive a comprehensive 

physical examination, serological and 

molecular testing of the Zika virus? 

     

Do you think a pregnant woman with acute Zika 

virus infection should be treated with 

antibiotics 

     

Do you think a pregnant woman with acute Zika 

virus infection should be treated with antiviral 

drugs?  

     

SA: Strongly agree, A: Agree, NS: Not sure, D: Disagree and SD: Strongly 

disagree 
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Appendix VIII 
PARENT ATTITUDES ABOUT CHILDHOOD VACCINES (PACV) 

QUESTIONNAIRE 
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Details of Parent Attitudes about Childhood Vaccines (PACV) questionnaire 

 

 

Questions/Statements Response 

Have you ever delayed having your child get a shot for 

reasons other than illness or allergy? 

Yes 

Don’t know  

No  

Have you ever decided not to have your child get a shot for 

reasons other than illness or allergy? 

Yes 

Don’t know  

No 

How sure are you that following the recommended shot 

schedule is a good idea for your child? 

0-5 

6-7 

8-10 

Children get more shots than are good for them. Agree 

Not sure 

Disagree 

I believe that many of the illnesses that shots prevent are 

severe. 

Disagree 

Not sure 

Agree  

It is better for my child to develop immunity by getting sick 

than to get a shot 

Agree 

Not sure 

Disagree 

It is better for children to get fewer vaccines at the same time. Agree 

Not sure 

Disagree 

How concerned are you that your child might have a serious 

side effect from a shot? 

Concerned 

Not sure 

Not concerned  

How concerned are you that any one of the childhood shots 

might not be safe? 

Concerned 

Not sure 

Not concerned  

How concerned are you that a shot might not prevent the 

disease? 

Concerned 

Not sure 

Not concerned  

If you had another infant today, would you want him/her to 

get all the recommended shots? 

No 

I don’t know 

Yes 

Overall, how hesitant about childhood shots would you 

consider yourself to be? 

Hesitant 

Not sure 

Not hesitant  

I trust the information I receive about shots. Disagree 

Not sure 

Agree  

I am able to openly discuss my concerns about shots with my Disagree 
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Questions/Statements Response 

child’s doctor. Not sure 

Agree  

All things considered, how much do you trust your child’s 

doctor? 

0-5 

6-7 

8-10 
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E PARTICIPANT INFORMATION SHEET 
 
 
 
 
INVERSITGATOR TEAM 
Investigator : Harapan 
Supervisors : Associate Professor Allison Imrie  
    Clinical Professor David Smith 

  Professor John Mackenzie 
  Dr. Tedjo Sasmono 
 

Correspondent : Dr Allison Imrie 
School of Pathology and Laboratory Medicine, University of Western 
Australia  
Tel: (618) 9346 1377 
Fax: (618) 9346 2912 
Email: allison.imrie@uwa.edu.au 

 
 
PROJECT TITLE 
Molecular Epidemiology of Dengue Virus, Indonesia 
 
 
PURPOSE 
Dengue is one of the major public health problems in Aceh but there is no study that 
has been conducted to characterise the causative virus (Dengue Virus) of this disease 
in Aceh. The characteristics of the Dengue Virus in this study might important to 
determine the virulence and the origin of the Dengue Virus also for vaccine design. You 
are being asked to take part in this research study because you are diagnosed as 
dengue patient. During this time the Dengue Virus might present in your bloodstream 
and your body defence mechanism (immune system) is being activated. The purpose of 
this study is to learn more about the characteristics (the virulence, the origin and the 
evolution) of Dengue Virus and your immune responses that is present your blood. 
 
We will grow the Dengue Virus to determine the type of the virus and measure the 
immune system components taken from your blood material to see the relationship 
between the type of Dengue Virus and the immune responses. All the processes will be 
conducted in laboratory.    
 
In order to decide whether or not you wish to be in this study, you will need to know 
about any good or bad things that could happen to you if you decide to join. This 
process is called ‘informed consent’. Once you understand the study, and if you agree 
to take part, you will be asked to sign a consent form. You will be given a copy to keep. 
 
 
EXPECTED LENGTH OF STUDY 
The estimated total length of this study is 1 year. During this time we will collect the 
blood from dengue patients in six hospitals in Banda Aceh, Lhokseumawe and 
Meulaboh. You will be involved in this study once only (during this hospitalisation).  
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PROCEDURES 
To enter into this study, you must be diagnosed as dengue fever, dengue haemorrhagic 
fever or dengue shock syndrome by your doctor and be willing to sign a consent form. 
You will be asked to give 3-5 ml of blood (about a third tablespoon) during the first day 
of hospitalization.  

 You will talk about the study with a study team member 
 You will read and sign the consent form after all your questions are answered 
 You will complete a brief questionnaire on your demographic data and your 

travel history 
 Study staff will take 3-5 ml of blood which will be used to determine the 

characteristics of Dengue Virus and your immune responses, in the laboratory in 
Jakarta and Perth, Australia.    

 Study staff will record your clinical data from the first day until the last day of 
hospitalisation   

 Study staff will record your laboratory data from the first day until the last day of 
hospitalisation   

 
 
RISKS AND DISCOMFORTS 
Taking blood may cause some soreness, bleeding and bruising, and (very rarely) 
infection where the needle enters the body. The volume 3-5 ml is about a third 
tablespoon and it could not cause anaemia. Risk of infection is slight since only sterile 
one-time equipment is used.  
 
 
BENEFITS 
You may receive no benefit from this study. However, knowledge gained from this study 
may, in future, benefit others who are infected with dengue, including the more severe 
hemorrhagic infections. It may also help in the development of a vaccine to prevent 
infection in future generations. 
 
 
CONFIDENTIALITY 
Your research records will be confidential to the extent permitted by law. You will not be 
personally identified in any publication about this study. A code, which will be known 
only to study personnel and you, will be used instead of your name on laboratory 
records in this study. The code will be stored in a safe place in the Investigator office. 
Personal information about your test results will not be given to anyone without your 
written permission. 
 
 
COMPENSATION FOR INJURY 
Your participation in this study does not prejudice any right to compensation, which you 
may have under statute or common law. 
 
 
VOLUNTARY CONSENT AND CERTIFICATION 
You take part in this study of your own free will and you can stop at any time for any 
reason. Your consent does not take away any of your legal rights in case of negligence 
or carelessness on the part of anyone working on this project. 
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ETHICAL CONSIDERATION  
Approval to conduct this research has been provided by the University of Western 
Australia and Medical Faculty of Syiah Kuala University in accordance with its ethics 
review and approval procedures. Any person considering participation in this research 
project, or agreeing to participate, may raise any questions or issues with the 
researchers at any time.  
 
In addition, any person not satisfied with the response of researchers may raise ethics 
issues or concerns, and may make any complaints about this research project by 
contacting the Human Research Ethics Office at the University of Western Australia on 
(08) 6488 3703 or by emailing to hreo-research@uwa.edu.au.   
 
All research participants are entitles to retain a copy of any Participant Information Form 
and/or Participant Consent Form relating to this research project. 
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I INFORMASI UNTUK PARTISIPASI  
 
 
 
 
TIM PENELITIAN  
Peneliti  : Harapan 
Pembimbing : Professor Madya Allison Imrie  
    Professor David Smith 

  Professor John Mackenzie 
  Dr. Tedjo Sasmono 
 

Korespondensi : Professor Madya Allison Imrie  
School of Pathology and Laboratory Medicine, University of Western 
Australia  
Tel: (618) 9346 1377 
Fax: (618) 9346 2912 
Email: allison.imrie@uwa.edu.au 

 
 
JUDUL PENELITIAN 
Epidemiologi Molekuler Demam Berdarah Dengue, Indonesia 
 
 
TUJUAN PENELITIAN 
Demam berdarah dengue (DBD) merupkan salah satu masalah kesehatan masyarakat 
di Aceh namun belum ada penelitian yang dilakukan untuk melihat karakteristik virus 
penyebab DBD (Virus Dengue) di Aceh. Karakteristik Virus Dengue berguna untuk 
menentukan tingkat virulensi (kemampuan menyebabkann penyakit), menentukan dari 
mana (daerah atau negara) virus tersebut berasal dan juga dalam mendesain vaksin 
DBD pada masa mendatang. Anda diminta untuk berpartispiasi pada penelitian ini 
karena Anda telah didiagnosis DBD oleh dokter. Pada saat ini Virus Dengue 
kemungkinan masih ada di dalam darah Anda dan sistem kekebalan tubuh Anda 
sedang teraktifasi. Tujuan dari penelitian ini adalah untuk mempelajari lebih dalam 
mengenai karakteristik dari Virus Dengue (kemampuannya menyebabkan penyakit, asal 
dan evolusinya) serta menilai respon sistem kekebalan tubuh Anda terhadap virus 
tersebut.  
 
Peneliti akan mengembangbiakkan Virus Dengue yang diambil dari darah Anda untuk 
menentukan karakteristiknya dan peneliti juga akan mengukur respon berbagai 
komponen dari sitem kekebalan tubuh Anda terhadap virus tersebut guna menentukan 
hubungan antara tipe Virus Dengue dengan respon kekebalan tubuh. Semua penelitian 
ini akan dilakukan di laboratorium.  
 
Untuk membantu Anda dalam memutuskan pilihan untuk berpartisipasi atau tidak, Anda 
diharapkan mengerti terlebih dahulu mengenai bebrapa hal baik dan buruk yang 
mungkin akan terjadi jika Anda bersedia berpartisipasi dalam penelitian ini. Proses ini 
disebut dengan Persetujuan Setelah Pemberitahuan (informed consent). Setelah Anda 
pengerti tentang penelitian ini dan Anda setuju untuk berpartisipasi, maka Anda akan 
diminta untuk menandatangani Lembaran Persetujuan. Anda akan mendapatkan 
salinannya untuk disimpan.  
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LAMA WAKTU PENELITIAN  
Total waktu dalam pengumpulan data penelitian ini adalah 1 tahun. Selama satu tahun, 
peneliti akan mengumpulkan darah dari pasien DBD yang berada di enam rumah sakit 
di Banda Aceh, Lhokseumawe dan Meulaboh. Anda akan diminta perpartisipasi sekali 
saja yaitu selama Anda dalam perawatan saat ini.  
 
 
PROSEDUR PELAKSANAAN 
Untuk dapat berpartispasi dalam penelitian ini, Anda harus terdiagnosis mengalami 
demam dengue, DBD atau dengue syok sindrom oleh dokter dan Anda bersedia 
dalama menandatangani Lembaran Persetujuan.  
 
Anda akan diminta untuk memberikan darah sebanyak 3-5 ml (kira-kira satu sendok 
makan) pada saat hari pertama rawatan.  

 Anda akan berdiskusi dengan salah seorang anggota tim peneliti mengenai 
penelitian ini 

 Anda akan diminta menandatangani Lembaran Persetujuan setelah semua 
pertanyaan yang Anda ajukan dijawab.  

 Anda akan diminta untuk menjawab beberapa pertanyaan terkait dengan data 
demografik serta riwayat perjalan Anda keluar daerah.  

 Staf tim peneliti akan mengambil 3-5 ml darah Anda yang akan digunakan untuk 
menentukan karakteristik Virus Dengue dan respon sistem kekebalan tubuh 
Anda terhadap virus tersebut yang akan dilakukan di laboratorium di Jakarta 
dan di Perth, Australia.   

 Staf tim peneliti akan mencatat data klinis Anda pada saat awal masuk hingga 
saat Anda keluar dari rumah sakit.  

 Staf tim peneliti akan mencatat data hasil laboratorium Anda pada saat awal 
masuk hingga saat Anda keluar dari rumah sakit.   

 
 
RESIKO DAN KETIDAKNYAMANAN  
Pengambilan darah yang dilakukan akan memasukkan jarum halus ke tubuh Anda 
untuk mencapai pembuluh darah. Hal ini mungkin akan menyebabkan sedikit rasa 
nyeri, sedikit perdarahan, memar dan (namun sangat jarang) infeksi. Darah sebanyak 
3-5 ml itu sekitar satu sendok makan dan hal ini tidak akan  menyebabkan anaemia. 
Resiko infeksi sangat kecil karena pengambilan darah akan dilakukan oleh tenaga 
medis secara profesional dan menggunakan peralatan spuit steril sekali pakai. 
 
 
MANFAAT  
Anda mungkin tidak menerima manfaat dari penelitian ini secara langsung. Namun, 
pengetahuan yang diperoleh dari penelitian ini akan bermanfaat pada masa mendatang 
terhadap orang yang menderita DBD termasuk yang mengalami kondisi yang lebih 
parah. Selain itu, informasi yang didapatkan juga akan bermanfaat dalam 
pengembangan vaksin DBD pada masa mendatang.  
 
 
KERAHASIAAN PENELITIAN 
Semua catatan dan data Anda akan bersifat rahasia sejauh diizinkan oleh hukum. 
Identitas Anda tidak akan dipublikasikan dalam bentuk apaapun. Untuk mengganti 
identitas Anda, sistem kode akan digunakan dalam setiap analisis. Kode akan disimpan 
di tempat yang aman di kantor Tim Peneliti. Informasi pribadi tentang hasil tes Anda 
tidak akan diberikan kepada siapa pun tanpa izin tertulis dari Anda. 
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KOMPENSASI  
Partisipasi Anda pada penelitian tidak mendapatkan kompensasi dalam bentuk 
apaapun yang mungkin saja Anda dapatkan di bawah undang-undang yang ada.  
 
PERSETUJUAN KESUKARELAAN  
Partisipasi Anda dalam penelitian bersifat sukarela tanpa ada pemaksaan dan Anda 
bisa meminta untuk dikeluarkan dalam penelitian kapan saja dengan alasan apapun. 
Persetujaun Anda dalam penelitian ini tidak akan menghilangkan hak apapun dari Anda 
jika terjadi kelalaian atau kecerobohan yang dilakukan oleh siapaun yang bekerja dalam 
penelitian ini.  
 
 
ETIKA PENELITIAN 
Penelitian ini telah disetujui oleh University of Western Australia dan Fakultas 
Kedokteran Universitas Syiah Kuala berdasarkan penilain etik dan prosedur yang ada. 
Jika ada pasien yang ingin berpartisipasi dalam penelitian ini, atau telah setuju untuk 
berpartisipasi, bisa menanyakan langsung kepada peneliti kapan saja.  
 
Selain itu, siapa saja yang tidak puas dengan respon peneliti yang berhubungan 
dengan etika penelitian dan ingin melakukan komplain terkait dengan penelitian ini 
dapat menghubungi Kantor Etika Penelitian University of Western Australia 
menggunakan nomor telepon (08) 6488 3703 atau menggunakan email: hreo-
research@uwa.edu.au.   
 
Semua partisipan harus diberikan satu lembar Lembaran Informasi Untuk Partisipasi 
dan/atau Lembaran Persetujuan Setelah Penjelasan terkait penelitian ini.  
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E PARTICIPANT CONSENT FORM 
 
 
 
 
MOLECULAR EPIDEMIOLOGY OF DENGUE VIRUS, INDONESIA 
 
 
Investigator : Harapan 
Supervisors : Associate Professor Allison Imrie  
    Clinical Professor David Smith 

  Professor John Mackenzie 
  Dr. Tedjo Sasmono 

 
 
 
I (the participant) have read the information provided and any questions I have asked have been 
answered to my satisfaction. I agree to participate in this activity, realizing that I may withdraw at any 
time without reason and without prejudice. I understand that all attributable information that I provide is 
treated as strictly confidential and will not be released by the investigator in any form that may identify 
me. The only exception to this principle of confidentiality is if documents are required by law. 
 
I have been advised as to what data is being collected, the purpose for collecting the data, and what 
will be done with the data upon completion of the research. 
 
I agree that research data gathered for the study may be published provided my name or other 
identifying information is not used. 
 
 

 

 

 

Date:       

     
        

Approval to conduct this research has been provided by the University of Western Australia and 
Medical Faculty of Syiah Kuala University in accordance with its ethics review and approval 
procedures. Any person considering participation in this research project, or agreeing to participate, 
may raise any questions or issues with the researchers at any time.  
 
In addition, any person not satisfied with the response of researchers may raise ethics issues or 
concerns, and may make any complaints about this research project by contacting the Human 
Research Ethics Office at the University of Western Australia on (08) 6488 3703 or by emailing to 
hreo-research@uwa.edu.au.   
 
All research participants are entitles to retain a copy of any Participant Information Form and/or 
Participant Consent Form relating to this research project. 
 

 

 

 

 
 

 
 
 

(Participant name & signature)   
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I LEMBARAN PERSETUJUAN 
 
 
 
 
EPIDEMIOLOGI MOLEKULER DEMAM BERDARAH DENGUE, INDONESIA  
 
 
Peneliti  : Harapan 
Pembimbing  : Profesor Madya Allison Imrie  
    Profesor David Smith 

  Profesor John Mackenzie 
  Dr. Tedjo Sasmono 

 
 
 
 
Saya telah membaca informasi yang diberikan dan saya juga diberikan kesempatan bertanya dan 
pertanyaan yang Saya ajukan telah dijawab dengan sangat memuaskan. Saya bebas dan sukarela 
memilih untuk berpartisipasi dalam penelitian ini. Saya memahami bahwa saya dapat mengundurkan 
diri setiap saat. Saya mengerti bahwa semua informasi yang Saya berikan akan dirahasiakan dan 
tidak akan disebarkan oleh peneliti dalam bentuk apapun yang dapat mengenali identitas saya kecuali 
jika diberlukan oleh hukum.  

Saya juga telah diberikan informasi mengenai data apa saja yang akan diambil dari saya, tujuan dan 
manfaat dari pengumpulan data tersebut dan untuk apa data tersebut digunakan pada akhir penelitian 
ini. 
 
Saya setuju jika data dari penelitian ini akan dipublikasi namun dengan menyembunyikan nama dan 
semua identitas Saya pada saat publikasi. 
 
 

 

 

 

Tanggal:       

            
 

Penelitian ini telah disetujui oleh University of Western Australia dan Fakultas Kedokteran Universitas 
Syiah Kuala berdasarkan penilain etik dan prosedur yang ada. Jika ada pasien yang ingin 
berpartisipasi dalam penelitian ini, atau telah setuju untuk berpartisipasi, bisa menanyakan langsung 
kepada peneliti kapan saja.  
 
Selain itu, siapa saja yang tidak puas dengan respon peneliti yang berhubungan dengan etika 
penelitian dan ingin melakukan komplain terkait dengan penelitian ini dapat menghubungi Kantor Etika 
Penelitian University of Western Australia menggunakan nomor telepon (08) 6488 3703 atau 
menggunakan email: hreo-research@uwa.edu.au.   
 
Semua partisipan harus diberikan satu lembar Lembaran Informasi Untuk Partisipasi dan/atau 
Lembaran Persetujuan Setelah Penjelasan terkait penelitian ini.  
 

 

 

 
 

 
 
 

(Nama dan tanda tangan partisipan)   
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PARTICIPANT CONSENT FORM (CHILDREN) (E & I VERSIONS)1 
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E CONSENT FORM: PERSON RESPONSIBLE 
 
 
 
MOLECULAR EPIDEMIOLOGY OF DENGUE VIRUS, INDONESIA 
 
 
Investigator : Harapan 
Supervisors : Associate Professor Allison Imrie  
    Clinical Professor David Smith 

  Professor John Mackenzie 
  Dr. Tedjo Sasmono 

 

I am the Person Responsible for: ______________________________________________ 
[Participant's Name]  
 
I have read the Participant Information Sheet or someone has read it to me in a language that I 
understand. I understand the purposes, procedures and risks of the research described in the project. I 
have had an opportunity to ask questions and I am satisfied with the answers I have received. I believe 
that the participation of the participant in this study is not contrary to their best interests. I freely agree 
to the participant participating in this research project as described and understand that I am free to 
withdraw the participant at any time during the research project without affecting their future health 
care. I am aware of my responsibilities as the Person Responsible for the participant and I understand 
that I will be assisting the participant in meeting their responsibilities whilst they are participating in this 
study.  
 
I have been advised as to what data is being collected, the purpose for collecting the data, and what 
will be done with the data upon completion of the research. 
 
I agree that research data gathered for the study may be published provided participant name or other 
identifying information is not used. 
 
Relationship of Person Responsible to Participant: 
 

 

 

 

Date:       

 
Approval to conduct this research has been provided by the University of Western Australia and 
Medical Faculty of Syiah Kuala University in accordance with its ethics review and approval 
procedures. Any person considering participation in this research project, or agreeing to participate, 
may raise any questions or issues with the researchers at any time.  
 
In addition, any person not satisfied with the response of researchers may raise ethics issues or 
concerns, and may make any complaints about this research project by contacting the Human 
Research Ethics Office at the University of Western Australia on (08) 6488 3703 or by emailing to 
hreo-research@uwa.edu.au.   
 
All research participants are entitles to retain a copy of any Participant Information Form and/or 
Participant Consent Form relating to this research project. 
 

 
 

 
 
 

(Person Responsible Name and signature)   
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I LEMBARAN PERSETUJUAN: ANAK-ANAK 
 
 
 
EPIDEMIOLOGI MOLEKULER DEMAM BERDARAH DENGUE, INDONESIA  
 
 
Peneliti  : Harapan 
Pembimbing  : Profesor Madya Allison Imrie  
    Profesor David Smith 

  Profesor John Mackenzie 
  Dr. Tedjo Sasmono 

 

Saya orang yang bertanggung jawab terhadap: _____________________________________ [Nama 
partisipan]  
 
Saya telah membaca lembaran Lembaran Informasi Untuk Partisipasi atau seseorang telah 
membacakannya dalam bahasa yang Saya mengerti. Saya mengerti tujuan, prosedur dan resiko dari 
penelitian ini. Saya juga telah diberi kesempatan untuk bertanya beberapa hal hal dan semua 
pertanyaan Saya telah dijawab dengan memuaskan. Saya juga percaya bahwa partisipasi partisipan 
dalam penelitian ini tidak bertentangan dengan kepentingan apapun. Saya setuju dengan suka rela 
berpartispasi partispan dalam penelitian ini sebagaimana prosedur yang telah dijelaskan dan saya 
mengerti bahwa partisipan dapat keluar dari penelitian ini secara bebas kapan saja tampa 
mempengaruhi perawatan kesehatan yang akan diperolehnya. Saya sadar akan tanggungjawab 
seorang penanggungjawab terhadap partisipan dan Saya akan membantu memenuhi tanggungjawab 
partisipan dalam penelitian ini.  
 
Saya juga telah diberikan informasi mengenai data apa saja yang akan diambil dari saya, tujuan dan 
manfaat dari pengumpulan data tersebut dan untuk apa data tersebut digunakan pada akhir penelitian 
ini. 
 
Saya setuju jika data dari penelitian ini akan dipublikasi namun dengan menyembunyikan nama dan 
semua identitas Saya pada saat publikasi. 
 
Hubungan Penanggungjawab denngan partisipan:  
 

 

 

 

Tanggal:       

Penelitian ini telah disetujui oleh University of Western Australia dan Fakultas Kedokteran Universitas 
Syiah Kuala berdasarkan penilain etik dan prosedur yang ada. Jika ada pasien yang ingin 
berpartisipasi dalam penelitian ini, atau telah setuju untuk berpartisipasi, bisa menanyakan langsung 
kepada peneliti kapan saja.  
 
Selain itu, siapa saja yang tidak puas dengan respon peneliti yang berhubungan dengan etika 
penelitian dan ingin melakukan komplain terkait dengan penelitian ini dapat menghubungi Kantor Etika 
Penelitian University of Western Australia menggunakan nomor telepon (08) 6488 3703 atau 
menggunakan email: hreo-research@uwa.edu.au.   
 
Semua partisipan harus diberikan satu lembar Lembaran Informasi Untuk Partisipasi dan/atau 
Lembaran Persetujuan Setelah Penjelasan terkait penelitian ini. 

 
 

 
 
 

(Nama dan tanda tangan Penanggungjawab)   
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SEROTYPING OF DENGUE VIRUS FROM ACEH AND JAMBI  
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Serotyping of dengue viruses from dengue-suspected patients from Aceh 

(2015) and Jambi (2016), Indonesia 

 

 

Origin ID Gender 
Age 

(year) 

Collection 

date 
NS1 test Serotyping 

Aceh Aceh_14 Male 19 12/12/2015 Positive DENV-1 

Aceh Aceh_19 Male 20 12/23/2015 Positive DENV-1 

Aceh Aceh_21 Female 11 9/21/2015 Positive DENV-1 

Aceh Aceh_30 Male 24 10/30/2015 Positive DENV-1 

Aceh Aceh_32 Male 2 11/12/2015 Positive DENV-1 

Aceh Aceh_40 Female 18 9/29/2015 Positive DENV-1 

Aceh Aceh_41 Female 22 10/7/2015 Positive DENV-1 

Aceh Aceh_43 Male 26 10/13/2015 Positive DENV-1 

Aceh Aceh_45 Female 19 10/16/2015 Positive DENV-1 

Aceh Aceh_6 Female 21 9/14/2015 Positive DENV-1 

Aceh Aceh_7 Male 17 9/14/2015 Positive DENV-1 

Aceh Aceh_11 Male 18 11/30/2015 Positive DENV-2 

Aceh Aceh_17 Male 28 12/12/2015 Positive DENV-2 

Aceh Aceh_20 Female 4 9/16/2015 Positive DENV-2 

Aceh Aceh_27 Female 21 10/26/2015 Positive DENV-2 

Aceh Aceh_36 Female 27 8/19/2015 Positive DENV-2 

Aceh Aceh_46 Female 20 10/16/2015 Positive DENV-2 

Aceh Aceh_63 Male 8 8/12/2015 Positive DENV-2 

Aceh Aceh_42 Female 38 10/7/2015 Positive DENV-2 & 3  

Aceh Aceh_18 Female 19 12/23/2015 Positive DENV-3 

Aceh Aceh_37 Male 17 9/10/2015 Positive DENV-3 

Aceh Aceh_44 Female 32 10/16/2015 Positive DENV-3 

Aceh Aceh_47 Female 22 11/4/2015 Positive DENV-3 

Aceh Aceh_48 Male 22 11/7/2015 Positive DENV-3 

Aceh Aceh_49 Male 22 11/7/2015 Positive DENV-3 

Aceh Aceh_55 Female 21 12/13/2015 Positive DENV-3 

Aceh Aceh_12 Male 24 12/3/2015 Positive Negative 

Aceh Aceh_50 Female 19 12/11/2015 Positive Negative 

Aceh Aceh_62 Female 14 8/12/2015 Positive Negative 

Jambi Jambi_022 Female 6 11/7/2016 Positive DENV-1 

Jambi Jambi_031 Male 33 8/8/2016 Positive DENV-1 

Jambi Jambi_021 Male 6 6/30/2016 Positive DENV-2 

Jambi Jambi_024 Male 7 7/22/2016 Positive DENV-2 

Jambi Jambi_025 Female 35 12/22/2016 Positive DENV-2 

Jambi Jambi_029 Female 43 8/8/2016 Positive DENV-2 

Jambi Jambi_032 Male 24 8/11/2016 Positive DENV-2 

Jambi Jambi_038 Male 38 8/24/2016 Positive DENV-2 

Jambi Jambi_102 Female 30 11/21/2016 Positive DENV-2 

Jambi Jambi_043 Male 23 9/16/2016 Positive DENV-2 
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Origin ID Gender 
Age 

(year) 

Collection 

date 
NS1 test Serotyping 

Jambi Jambi_020 Male 27 6/22/2016 Positive DENV-2 

Jambi Jambi_059 Female 10 10/7/2016 Positive DENV-2 

Jambi Jambi_099 Male 11 11/19/2016 Positive DENV-2 

Jambi Jambi_048 Male 17 9/25/2016 Positive DENV-3 

Jambi Jambi_056 Female 3 10/7/2016 Positive DENV-3 

Jambi Jambi_134 Male 21 12/5/2016 Positive DENV-3 

Jambi Jambi_049 Female 9 9/25/2016 Positive DENV-3 

Jambi Jambi_016 Male 10 6/14/2016 Positive DENV-3 

Jambi Jambi_042 Male 72 9/13/2016 Positive DENV-4 

Jambi Jambi_011 Female 40 7/8/2016 Positive Negative 

Jambi Jambi_015 Female 9 2/6/2016 Positive Negative 

Jambi Jambi_039 Female 5 8/25/2016 Positive Negative 

Jambi Jambi_044 Male 19 9/16/2016 Positive Negative 

Jambi Jambi_050 Male 41 9/24/2016 Positive Negative 

Jambi Jambi_053 Female 23 10/2/2016 Positive Negative 

Jambi Jambi_109 Female 26 11/23/2016 Positive Negative 

Jambi Jambi_121 Male 31 11/28/2016 Positive Negative 
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DENV AND ZIKV NAb TITERS AT THRESHOLD PRNT90 
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The list DENV NAb and ZIKV NAb titers of serum samples collected from Aceh, 

Indonesia, 2017 at threshold PRNT90 (listed based on the highest ZIKV NAb titer) 
 
 

No ID 
Age 

(Year) 
Gender DENV-1 DENV-2 DENV-3 DENV-4 ZIKV 

1 157 53 Female 100.1 120.8 >160 >160 93.1 

2 52 63 Female 39.2 11.6 36.9 100.2 89.7 

3 97 60 Female 104.9 43.3 57.9 117.7 67.2 

4 71 53 Male 32.4 16.6 31.4 36.7 57.8 

5 119 22 Female 27.5 36.1 29.6 39.7 56.0 

6 94 50 Female >160 24.3 28.4 89.7 51.9 

7 13 55 Male 48.8 24.4 15.9 >160 45.1 

8 115 46 Female 113.1 32.6 143.1 67.1 39.8 

9 149 46 Female 12.4 <10 <10 15.9 30.5 

10 184 36 Female 53.5 58.7 51.1 32.6 30.0 

11 166 50 Female 63.1 14.8 18.9 31.9 29.4 

12 53 41 Male 94.3 57.0 107.6 39.8 27.7 

13 104 35 Female >160 77.3 >160 <10 26.7 

14 89 55 Female >160 <10 57.0 41.3 25.3 

15 118 45 Female 46.6 39.4 86.7 19.8 24.7 

16 154 50 Female 51.5 65.2 55.8 47.1 23.0 

17 133 44 Female >160 52.4 127.0 53.4 22.9 

18 88 42 Female 89.4 33.4 24.9 <10 22.6 

19 35 55 Male 114.5 56.6 80.3 136.7 21.5 

20 146 37 Female 53.7 <10 13.0 25.9 20.0 

21 179 38 Female 62.5 13.1 <10 59.5 18.6 

22 123 21 Male >160 >160 >160 >160 17.8 

23 102 54 Female 60.3 32.2 51.5 >160 17.7 

24 125 45 Male 70.8 >160 135.1 127.0 17.7 

25 160 30 Female 16.5 33.2 59.9 62.0 17.5 

26 172 32 Female 56.3 27.1 52.9 21.8 16.7 

27 18 34 Female 52.9 47.1 99.3 134.2 16.4 

28 169 40 Female 55.8 21.5 47.8 15.1 16.3 

29 153 60 Female 38.7 69.4 23.9 27.1 16.1 

30 114 27 Female 62.0 42.4 >160 37.6 16.0 

31 96 60 Female >160 23.5 21.3 36.3 15.5 

32 109 40 Male 87.0 67.7 >160 55.8 15.2 

33 135 38 Female 43.2 >160 >160 17.7 14.9 

34 183 42 Female 92.5 21.5 38.5 37.8 14.7 

35 116 6 Female 30.7 31.9 86.9 29.7 14.5 

36 9 55 Male 87.4 16.5 20.1 64.1 14.2 

37 39 63 Male 144.3 26.9 21.9 31.9 14.2 

38 168 43 Male 62.2 27.5 >160 26.0 14.2 

39 66 40 Female 59.3 24.1 52.8 146.8 14.2 
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No ID 
Age 

(Year) 
Gender DENV-1 DENV-2 DENV-3 DENV-4 ZIKV 

40 144 36 Female 15.2 13.3 33.5 24.3 14.0 

41 42 43 Male 12.4 91.5 143.0 85.0 13.6 

42 185 36 Female 48.2 <10 32.5 15.3 13.1 

43 54 31 Male 87.8 71.8 84.9 >160 13.0 

44 29 50 Female >160 60.5 55.6 11.7 12.6 

45 191 53 Female 27.7 46.3 24.1 56.2 12.6 

46 90 30 Female 59.7 46.6 59.2 31.0 12.5 

47 103 26 Female 77.1 42.4 134.0 109.6 12.5 

48 98 57 Female 139.1 23.6 20.9 33.7 12.2 

49 92 65 Female 38.9 19.2 15.8 45.3 12.0 

50 108 31 Male 52.0 79.1 56.2 121.2 12.0 

51 106 9 Male 139.6 17.7 21.8 30.8 11.9 

52 32 53 Female 36.1 20.5 37.8 13.5 11.6 

53 162 65 Female 31.1 35.5 152.8 58.4 11.6 

54 176 47 Male 40.3 >160 >160 40.3 11.4 

55 129 40 Male 78.9 20.3 19.8 <10 11.4 

56 173 32 Male 44.9 17.3 24.7 88.1 11.4 

57 110 47 Male 72.0 18.2 22.7 61.8 11.3 

58 61 40 Female 29.8 22.0 50.0 40.8 11.3 

59 41 40 Female 54.2 37.6 82.6 36.0 11.2 

60 120 45 Female 89.4 18.9 111.7 84.9 11.2 

61 136 10 Female 39.1 16.7 24.8 37.0 11.2 

62 186 52 Female 16.1 40.2 76.1 24.9 11.2 

63 77 39 Male 42.1 <10 47.2 49.8 11.1 

64 45 67 Female >160 33.9 30.2 30.0 11.0 

65 177 26 Female 35.8 10.1 21.1 11.5 11.0 

66 79 16 Male 42.7 52.2 94.2 112.6 11.0 

67 76 42 Male 58.2 <10 19.5 45.0 11.0 

68 59 51 Male 22.3 61.7 34.2 45.0 10.9 

69 131 40 Male 66.5 16.5 26.8 77.6 10.9 

70 72 34 Female 99.8 13.2 132.3 17.5 10.8 

71 62 17 Female 82.8 13.9 44.8 52.4 10.8 

72 190 41 Female 63.6 35.0 32.0 69.3 10.8 

73 75 38 Female 22.4 18.0 17.1 15.2 10.7 

74 182 49 Female 119.4 26.3 27.6 72.1 10.7 

75 140 44 Female 23.1 11.4 <10 30.4 10.5 

76 17 39 Female 61.7 <10 25.8 36.2 10.0 

77 150 36 Female 79.6 104.7 129.4 35.4 9.9 

78 65 24 Male 80.8 92.1 >160 149.2 9.9 

79 187 42 Female 11.1 22.1 31.6 52.6 9.8 

80 48 23 Female >160 52.2 38.1 108.1 9.7 

81 78 19 Male 19.1 13.1 31.9 62.2 9.6 
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No ID 
Age 

(Year) 
Gender DENV-1 DENV-2 DENV-3 DENV-4 ZIKV 

82 38 35 Female 53.3 28.3 41.5 46.1 9.6 

83 68 53 Female 37.3 <10 47.9 60.1 9.6 

84 181 32 Male 37.7 16.9 18.0 20.2 9.2 

85 36 44 Female >160 55.9 150.8 83.4 9.2 

86 26 56 Female 148.2 148.9 103.8 >160 8.8 

87 4 38 Male 22.9 13.3 15.0 133.8 8.7 

88 113 45 Female 81.6 54.0 89.5 25.0 8.5 

89 127 20 Male >160 <10 18.5 21.4 8.5 

90 111 37 Female 56.9 25.7 40.0 32.3 8.4 

91 95 40 Female >160 28.9 38.1 105.9 8.3 

92 80 42 Male 63.0 30.5 151.2 131.8 7.2 

93 130 17 Male >160 <10 20.7 25.6 6.5 

94 143 32 Female 42.5 23.7 31.1 36.1 6.5 

95 44 38 Female 22.3 54.5 24.5 14.1 6.5 

96 37 46 Male 131.2 37.8 43.4 62.3 6.4 

97 19 45 Male 139.7 21.2 62.0 134.2 6.1 

98 93 36 Female >160 33.4 38.7 28.9 5.8 

99 148 45 Female 62.0 47.9 54.7 58.6 5.7 

100 128 48 Male 44.8 16.2 22.9 12.1 5.1 

101 180 13 Male 26.7 <10 16.3 52.2 4.1 

102 159 50 Female 21.5 31.1 71.0 54.5 3.8 

103 28 46 Female 36.5 30.1 26.8 28.5 3.8 

104 155 25 Female 27.7 23.0 46.0 15.0 3.5 

105 47 41 Female 113.4 14.3 35.7 66.1 2.8 

106 25 27 Female 85.7 23.8 31.3 62.0 1.0 

107 170 14 Male 11.2 16.0 23.1 27.9 <10 

108 63 41 Female 37.1 69.0 >160 133.6 <10 

109 10 37 Male 39.0 32.6 155.8 >160 <10 

110 30 45 Male 58.2 19.2 20.9 27.9 <10 

111 56 50 Female 43.1 11.1 71.8 107.6 <10 

112 112 35 Male 91.3 21.7 108.8 44.9 <10 

113 137 11 Female 89.4 <10 14.9 14.8 <10 

114 163 45 Female 10.1 19.8 27.9 22.2 <10 

115 198 12 Female 53.5 24.8 38.6 64.8 <10 

116 145 7 Female 44.3 24.3 36.3 46.5 <10 

 

 



 

 
 
 

 




