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1. Introduction 

 About 2.5 billion people live under the threat of dengue fever, more than 75%, or about 1.8 billion, sufferers live in 

the Asia Pacific region. About two-fifths of the world’s population in tropical and subtropical countries are at risk of 

dengue fever and dengue. The area effected by dengue has increased recently, especially in Thailand, Myanmar, and 

Indonesia (WHO, 2011). In Indonesia, the number of districts affected by dengue has 434 (84.44%) in 2017 and 440 

(85.60%) in 2018 (Kementerian Kesehatan RI, 2019). Indonesia reported the highest number of cases, according to the 

World Health Organization (WHO), for the Southeast Asia region (WHO, 2012). 

 The targets for health development in the Strategic Plan of the Ministry of Health of Indonesia in 2015–2019 

include reducing the morbidity rates due to infectious diseases in districts to less than 49 per 100,000 population 

(Kementerian Kesehatan RI, 2017a). Unfortunately, dengue fever is still a public health problem in Indonesia. This includes 

West Sumatra, which has morbidity rates > 49 per 100,000 population. The incidence of dengue per 100,000 population in 

West Sumatra was 45.66 in 2014, 73.24 in 2015, and 75.75 in 2016 (Kementerian Kesehatan RI, 2018, 2017b, 2016).  

 Spatial analysis can be used to determine when and where cases of specific diseases occurred and could resurface 

in the future, and it can be used to study the spatial patterns of disease incidence in a particular area (Bivand et al., 2013; 

Waller and Gotway, 2004; Williams and Elliott, 2015). Spatial autocorrelation statistics are typically global descriptors of 

data that measure the degree of similarity between the target region and its neighbouring geographic areas (the spatial 

relationships between regions). Spatial autocorrelation can be measured using the global Moran’s index. The global 

Moran’s index is used to measure global spatial autocorrelation (Fitzmaurice, 2016; Plant, 2019; Zhang et al., 2014). 

 In this study, we assessed and mapped the dengue incidence rate for 169 sub-districts in West Sumatra to define 

the priority areas. 

 

2. Method 

 This research was conducted in 169 sub districts in 2017 in West Sumatra Province, Indonesia. West Sumatra 

Province is located between 0°54’ north latitude and 3°30’ south latitude, and between 98°36’ and 101°53’ east longitude. 

West Sumatra lies in the middle of the western coast of Sumatra and occupies an area of 42.2 thousand km2 (BPS Provinsi 

Sumatera Barat, 2018). Data used in this study were collected from the West Sumatra Provincial Health Office. 

 We used the global Moran’s index and Local Indicators of Spatial Association (LISA) to analyse distribution and 

define the dengue priority areas. The global Moran’s index values vary from −1.0, indicating an inverse correlation 

(dispersed), to 1.0, indicating a direct correlation (clustered). Values of zero and close to zero indicate a random 

distribution (Lloyd, 2011). The three categories of spatial autocorrelation were positive, negative, and null. Positive spatial 

correlation, or clustering, occurs when the nearby locations have a similar value. When nearby locations have dissimilar 

values, Moran’s I is negative, and this is called negative spatial autocorrelation, which indicates that cases are dispersed. 
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Abstract:  

Dengue is transmitted by mosquitoes in the genus Aedes, particularly Aedes aegypti and Aedes albopictus. West 

Sumatra Province is a tropical area in Indonesia where the two main mosquito genera are endemic in almost all 

regions year-round. This study analysed distribution of dengue, and defined the priority dengue areas in West 

Sumatra in 2017 using spatial autocorrelation (Moran’s I) and Moran’s scatter plot. The result revealed the global 

Moran’s index of the case patterns to be a cluster or positive correlation (I > 0, p < 0.01), and Moran scatter plot 

indicated associations between districts and their neighbours. Dengue cases in each district were described as high-

high (HH), high-low (HL, hotspot), low-high (LH, cold spot), or low-low (LL). Districts identified as HH should be 

prioritized, and dengue must be controlled in HL and LH districts. In LL districts, dengue programs should be 

maintained. The results of this study could help implement strategies to prevent and control dengue. 
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Null spatial autocorrelation indicates that the spatial pattern is random. Increasingly positive values of Moran’s 

associated with increasingly positive autocorrelation, whereas negative values are associated with negative 

autocorrelation (Fitzmaurice, 2016; Hafeez et al., 2017; Plant, 2019; Zhang et al., 2014)

 Spatial clustering is the process of grouping a set of spatial objects into clusters so that objects within a cluster are 

highly similar to each other but are different from objects in other clusters. LISA statistics are defined for each cell of a

area in the data set to serve as an indicator of the spatial clustering of similar values. The main purpose of this indicator is 

to provide a local measure of similarity between each region’s associated value 

2019). This study used LISA for the identification of local spatial clusters. LISA analysis indicates the presence or absence 

of associations with neighbours and outliers. LISA classifies areas as high

low (LL) (Lloyd, 2011). 

 

3. Result and Discussion 

 

3.1. Result 

 In 2017 found 55 sub-districts (32.54%) with incidence rate >49 per 100,000 population. Sub

per 100,000 population is spread across 16 districts in West 

100,000 population) of dengue in West Sumatra in 2017.

 

Figure 1: 

 The global Moran’s I statistic was used

study area and to test the assumption of spatial independence in the implementation of spatial pattern analysis. The global 

Moran’s I value (0,1933) was greater than zero (p<

clustered, which means they are always related to each other. The global Moran’s I statistic indicates the mean of the local 

spatial Moran’s I.  The research shows the locations with the high

cluster map, low-low (LL) indicating a low category in the cluster map. High

negative local spatial autocorrelation. In the HH districts, the incidence rate of

districts is high. In the HL districts, the incidence rate of dengue is high while the cases in the surrounding districts are

In the LH districts, the incidence rate of dangue in the district are low while t

indicating a cold spot. Finally, in the LL districts, the incidence rate of dengue in the district and in the surrounding 

districts are low. 
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Figure 1: Spread of Incidence Rate of Dengue per 100,000  

Populations in West Sumatra Province 

 

The global Moran’s I statistic was used to assess the presence and strength of spatial autocorrelation across the 

study area and to test the assumption of spatial independence in the implementation of spatial pattern analysis. The global 

Moran’s I value (0,1933) was greater than zero (p<0.05), the analysis shows that the dengue cases in West Sumatra are 

clustered, which means they are always related to each other. The global Moran’s I statistic indicates the mean of the local 

spatial Moran’s I.  The research shows the locations with the high-high (HH) correlation indicating a high category in the 

low (LL) indicating a low category in the cluster map. High-low (HL)  and low

In the HH districts, the incidence rate of dengue in the district and the surrounding 

districts is high. In the HL districts, the incidence rate of dengue is high while the cases in the surrounding districts are

In the LH districts, the incidence rate of dangue in the district are low while the cases in the surrounding districts are high, 

LL districts, the incidence rate of dengue in the district and in the surrounding 
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Figure 2: Local Indicators of Spatial Association (LISA) Dengue 

 

3.2. Discussion 

 In this study, we used Moran’s I 

variation in dengue attributes in the locations. The Moran’s 

In this research, the global Moran’s I was greater than zero (

showed spatial autocorrelation. The adjacent districts had similar high or lo

farther away. This indicates the significant positive spatial autocorrelation of dengue cases across the study area

 In other studies, the global Moran’s index value ranged from 0.148 to 0.743 in Bali (

(p < 0.0001); 0.475 in Mainland China (p 

0.003); and 0.336 (p < 0.001) in 2008–2009 and 0.036 in 2012

autocorrelation (global Moran’s I) results showed that the dengue fever cases in the study area were clustered 

2019; Dhewantara et al., 2019; Naish and Tong, 2014; Yue et al., 2019, 2018; Zellweger et al., 2017)

Indonesia (Dhewantara et al., 2015). 

 In this research, a significance map was used to identify the locations with significant local Moran’s 

using different colours and as a local indicator 

both in the sub-district and the surrounding sub

prioritise and control the number of people being infected with

 There are 27 sub-districts in particular exhibited an HL correlation. This means this sub districts are potentially a 

source of dengue disease; thus, it is especially important to control the spread of dengue in this district. 

surrounded by hotspots will be particularly threatened by a dengue disease outbreak.

 The number of districts classified as LH are 34 districts. These districts have the potential to be effective by the 

spread and increase in dengue disease that is transmitted by the surrounding high

surrounding areas that are assigned LL are lower priority. In managing public health, dengue mapping with LISA provides 

important information for addressing the control and 

 

4. Conclusion 

 In this study, we identified the high-priority districts and associated factors of the spread of dengue in West Sumatra, 

Indonesia, which can be used to enhance surveillance systems and control measures. The 

be prioritised to reduce the incidence rate and the spread of dengue should be controlled in HL districts. Prevention 

measures should be introduced in districts that are prone to the spread of dengue (LH). In LL districts,

program should be maintained. These findings provide important information for public health authorities to prioritise 

and target dengue control, create further strategic planning for better prevention and control measures, and enhance 

implement elimination interventions in West Sumatra.
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Local Indicators of Spatial Association (LISA) Dengue in

West Sumatra, Indonesia 

 to measure the relationship between the values based on the location and the 

variation in dengue attributes in the locations. The Moran’s I analysis indicated whether the dengue cases were clustered. 

was greater than zero (p<0.05), and the dengue cases in neighbouring districts 

showed spatial autocorrelation. The adjacent districts had similar high or low rates in comparison with those located 

farther away. This indicates the significant positive spatial autocorrelation of dengue cases across the study area

In other studies, the global Moran’s index value ranged from 0.148 to 0.743 in Bali (

 = 0.01); 0.59 in Guangzhou, China (p < 0.01); 0.36 in Queensland, Australia (

2009 and 0.036 in 2012–2013 (p = 0.416) in New Caledonia, Australia. The spat

) results showed that the dengue fever cases in the study area were clustered 

2019; Dhewantara et al., 2019; Naish and Tong, 2014; Yue et al., 2019, 2018; Zellweger et al., 2017)

In this research, a significance map was used to identify the locations with significant local Moran’s 

using different colours and as a local indicator of the spatial association. There are 28 sub-

district and the surrounding sub-districts were high in two districts. This demonstrates the need to 

prioritise and control the number of people being infected with dengue in these districts. 

districts in particular exhibited an HL correlation. This means this sub districts are potentially a 

source of dengue disease; thus, it is especially important to control the spread of dengue in this district. 

surrounded by hotspots will be particularly threatened by a dengue disease outbreak. 

The number of districts classified as LH are 34 districts. These districts have the potential to be effective by the 

ase that is transmitted by the surrounding high-prevalence areas. The district and 

surrounding areas that are assigned LL are lower priority. In managing public health, dengue mapping with LISA provides 

important information for addressing the control and spread of dengue cases. 

priority districts and associated factors of the spread of dengue in West Sumatra, 

Indonesia, which can be used to enhance surveillance systems and control measures. The district categorised as HH should 

be prioritised to reduce the incidence rate and the spread of dengue should be controlled in HL districts. Prevention 

measures should be introduced in districts that are prone to the spread of dengue (LH). In LL districts,

program should be maintained. These findings provide important information for public health authorities to prioritise 

and target dengue control, create further strategic planning for better prevention and control measures, and enhance 

implement elimination interventions in West Sumatra. 
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In this research, a significance map was used to identify the locations with significant local Moran’s I statistics 

-districts with cases of dengue 

in two districts. This demonstrates the need to 

districts in particular exhibited an HL correlation. This means this sub districts are potentially a 

source of dengue disease; thus, it is especially important to control the spread of dengue in this district. Districts that are 

The number of districts classified as LH are 34 districts. These districts have the potential to be effective by the 

prevalence areas. The district and 

surrounding areas that are assigned LL are lower priority. In managing public health, dengue mapping with LISA provides 

priority districts and associated factors of the spread of dengue in West Sumatra, 

district categorised as HH should 

be prioritised to reduce the incidence rate and the spread of dengue should be controlled in HL districts. Prevention 

measures should be introduced in districts that are prone to the spread of dengue (LH). In LL districts, the current dengue 

program should be maintained. These findings provide important information for public health authorities to prioritise 

and target dengue control, create further strategic planning for better prevention and control measures, and enhance and 
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