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Abstract 
Background and Objective: The dengue disease has become growing menace in the public health 
concern due to its re-emergence in tropical and subtropical regions. To understand the epidemiology and 
spatial distribution, a retrospective surveillance study was conducted in Mysore district of Karnataka and 
India for the year 2013 to 2018. 
Methods: A comprehensive data about dengue infection, prevalence, transmission and severity in 8 
taluks of Mysore district of Karnataka and 35 states of India were mapped through Arc/Geographic 
Information System (GIS) software. Spatial statistical analysis was performed to identify hot spots and 
cold spots of dengue disease. Similarly, inverse distance weight (IDW), a spatial autocorrelation tool was 
also applied to understand the endemicity patterns in the study area. 
Results: The analysis revealed that Mysore district and India had an increased rate of re-emerging 
dengue cases during the year 2017 and 2018. The use of GIS software revealed the number of incidences, 
high and low clustered areas, hotspot and cold spot locations of the registered dengue cases. The IDW 
tool was used to identify the disease intensity in Mysore district and India. Mysore city stood highest in 
the district and the lowest clustered area was found to be HD Kote in 2018. Karnataka (17018) stood the 
third-highest and Arunachal Pradesh (15) stood lowest clustered area in India during 2017. The spatial 
autocorrelation was projected in the geographical space. Based on the disease, registered case intensity 
the taluks were characterized into high, average and low endemic areas.  
Conclusion: The study indicated that socio-economic and socio-cultural variables are highly correlated 
with the prevalence of Dengue. This visualization approach, IDW-GIS helps the public health officials to 
identify the zones of disease endemics in executing real-time decisions for preventive and precautionary 
strategies to control the prevalence of “Dengue-the vector-borne” disease effectively. 
 
Keywords: Dengue fever, geographic information system-arc gis, incidence of dengue cases in mysore 
district, spatial interpolation analysis 

 
1. Introduction 
Dengue fever, an acute viral illness is a major cause of the death of millions of people every 
year. World Health Organization estimated that around 50 to 100 million of dengue infections 
occur annually, thereby increasing the global incidence with a 30-fold over the past fifty years 
[41]. Currently, two-fifths of the overall world’s population poses dengue virus infection that is 
a major menace to global public health [16]. The dengue fever also called Break bone fever 
caused by the Virus that belong to the genus Flavivirus and family Flaviviridae. Dengue virus 
is a single-stranded RNA virus that includes four different serotypes i.e., DEN-1, DEN-2, 
DEN-3 and DEN- 4 [1-3]. The four serotypes of Dengue share common ecological and 
geographical niche. Dengue haemorrhagic fever (DHF) and Dengue fever are the clinical 
manifestations causing a wide spectrum of illness [3-5]. A mosquito, Aedes aegypti is a vector 
for dengue virus and hence a vector-borne disease that presents a major challenge to global 
health officials. However, the infection, transmission, diverse in manifestation and 
pathogenicity is the exaggeration for the stiff challenge to public health.  
The dengue epidemiology in India has been very complex and significantly changed over 
almost the past six decades in terms of prevailing strains, the severity of disease and 
geographical locations that were affected [6]. According to WHO, around 96 million were 
affected with dengue fever in the year 2010, globally over 500 000 people with dengue fever 
estimated to be hospitalized of which 2.5% died due to severity of the disease [7].
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The widespread of dengue disease outbreak is observed in the 

major cities of India. Karnataka (17018) stood the third-

highest and Arunachal Pradesh [15] stood lowest clustered area 

in India. There was an increased rate of dengue reported cases 

129166 to 157220 in the year 2016 to 2017. However, the 

number reduced to 101192 in the year 2018 which is probably 

due to better patient management, better reporting and also 

increased diagnostic proficiencies [8].  

The study of spatial distribution, patterns and determinants of 

dengue in the Indian subcontinent is very complex and varies 

over the period. As most of the dengue cases were reported 

from cities, it was assumed that the dengue fever as the urban 

disease. However, the major outbreaks of dengue disease 

were found to be from the rural areas of western and southern 

India [9, 10]. In 2017, an outbreak of dengue epidemic in the 

country was 157220 cases and 250 deaths which were about 

15-20% higher than the previous years. Five states of the 

country recorded a large number of dengue cases out of which 

Karnataka state ranked third in a total number of dengue 

positive cases [8]. In Mysore district, the endemic level of 

Dengue fever has altered the rate of disease and the 

magnitude of incidence in the last few years. The 

epidemiological conditions of the dengue disease that 

influence the transmission of the virus from the Aedes aegypti 

is the major cause for the dramatic emergence of dengue 

fever.  

In recent years, with new interest and concern, the 

combination of climatic changes and the availability of 

various research tools has led an investigation on vector-borne 

disease. Spatial information techniques such as GIS 

(Geographic Information System) allows identifying the 

history of medical data in the field of the particular region 

affected by the disease [11, 12]. However, applications of these 

techniques to study the spread of dengue are still limited to 

few studies and geographically limited to Mysore district. 

With GIS, the precision of dengue disease mapping 

concerning the Mysore locality can be intensified. Therefore, 

before mapping response to disease outbreak can be 

monitored and detected using GIS tools [13-15].  

The exclusive exploitation of disease incidence rate to 

monitor disease occurrence provide limited results. Therefore, 

the spatial distribution of dengue fever using tools of GIS 

assist to explore the frequency, intensity and duration of the 

dengue cases in Mysore district. Based on the analyses, a 

region with the highest cases can be identified as the source of 

Dengue fever.  

The current study uses GIS tool and statistical analysis to 

locate the spatial distribution, hotspots and intensity of the 

incidence at the province. The support of GIS- tool aids in 

finding the dengue reported cases and targets the intensity 

hotspot distribution. The Arc-GIS is the software that includes 

Arc-Map, Arc-Catalog and Arc-toolbox. The software 

provides increasing levels of functionality and favours to 

discover spatial sodality patterns [36]. This tool was used to 

visualize and describe the spatial distribution of dengue 

reported cases. The use of GIS tool aids to identify the region 

at highest risk for the dengue fever outbreak at Mysore 

district. The dynamics and distribution of dengue fever ensued 

from the outcome of the result can be used as an indicator of 

hazard in a locality [17].  

 

2. Materials and Methods 

2.1. Study area  

The southern part in the state Karnataka is Mysore District 

formally called as Mysuru, located at the Chamundi foothills. 

The geographical scale of the district Mysuru is 120 18ʹ 26ʹʹ 

North latitude and 760 38ʹ 59ʹʹ East longitude. The altitude 

being 24,427 ft (739.7 m). Mysore City Corporation is the 

headquarters of the Mysore district has also taken complete 

responsibility of civic administration of the city. Karanji Lake 

is the biggest 'Walk-Through Aviary' in the Mysore district. 

The land area used for residential, roads, industrial, public 

property, commercial agriculture, water, parks and open 

spaces during 2001 was 39.9%, 16.1%, 13.48%, 8.96%, 

3.02%, 2.27%, 2.02% and 13.74% respectively. During 

March to June summer season, July to November monsoon 

season, December to February winter season are the main 

seasons seen. On 4th April 1917, the highest temperature 39.4 

°C (103 °F) and on 16th January 2012 the lowest temperature 

7.7 °C (46 °F) was recorded. The city's average annual 

rainfall is 804.2 mm (31.7 in) (Fig. 1). 

In 2011, Mysore had population of 3,001,127 of which male 

and female were 1,511,600 and 1,489,527 respectively. In 

2001 census, Mysore had a population of 2,641,027 of which 

males were 1,344,670 and remaining 1,296,357 were females, 

making it the third-most populous city in Karnataka.  

 

 
 

Fig 1: Study region focuses on India (A) and Mysore district (B) 
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2.2 Epidemiological data 

The epidemiological data on dengue cases was obtained from 

the District Health and Family Welfare Office, Government of 

Karnataka, Mysore for the period 2013-2018, which consists 

of information on dengue reported cases belonging to all the 

talukas of Mysore district. The sampling unit in the study is 

an individual household. All dengue patients were taken as 

sample and an equal number of randomly-selected unaffected 

samples in the study area were also included. 

 

2.3 GIS modelling with social data 

The extension of the use and analysis of the traditional paper 

map was used to develop GIS. The digital map data displayed 

on paper maps are the most basic form that uses measurement 

frameworks, and representation methods such as colours and 

classification schemes [18, 19].  

The spatial data in a GIS is the first key component. Spatial 

and Relational Data Models are the central machinery of GIS. 

A digital format was used to capture Map data. The 

terminology layer was used to set individual features within 

spatial data in Arc-GIS. The GIS operator records the attribute 

data and digitizing of the coordinate data within a relational 

database of each feature table. An individual road segment 

within the spatial part of the layer and individual record 

within the tabular part of the layer has one to one relationship 

between them [20]. 

The coordinate features and the database table are the two 

parts of the layer. The functionality of the layer in the GIS 

requires both parts of the layer. The layer's attribute table 

records every city point in the spatial part of the layer. The 

linkage within layers between the tabular and spatial data of 

features allows the "what" and "where" questions in the GIS. 

The Arc-GIS software automatically manages this linkage. 

This includes the confirmed Dengue cases notified from 

2013-18 in Mysore District. The report is based on the data 

collected annually from all Taluks of Mysore. To obtain the 

spatial distribution of dengue using GIS-based analysis, the 

number of dengue cases were mapped at 1:25,000 scale by 

using a GIS technique in Arc-GIS software 10.2.2 (Demo 

Version).  

 

2.4 Arc- GIS Software 10.2.2 (Demo Version) 

Available interpolation options: Arc-GIS spatial analyst 

(version 10.2.2) comprises several interpolation tools for 

constructing surface grids from point data. One of the selected 

methods like: 

 

IDW – The sample points are weighted during interpolation 

in the IDW interpolation method.  

The influence was of one-point comparative to other descents 

with distance from the unknown point that has to be 

generated. 

 

Spline – The values are estimated using a mathematical 

function in the Spline interpolation method. The surface 

curvature is minimized to a smooth surface that exactly passes 

through the input points. 

 

Kriging – It is an effective type of spatial interpolation 

method. The values of unknown points based on the values at 

known points are estimated using complex mathematical 

formulae.  

2.5 Data analysis 

2.5.1 Hotspot detection 

The different spatial clustering pattern such as hot spots, cold 

spots and high risk over the entire study area with statistical 

significance was identified using Getis-Ord ‘Gi’ statistics. 

The Z-score and p-value are the resultant that features high 

(hotspot) and low (coldspot) values cluster spatially. In 

comparison to a hotspot and low spot areas at high risk can be 

significantly identified [21]. With the defined distance band 

option or threshold limit the spatial relationship is fixed 

distance to analyse the hotspot. The peak Z value, the highest 

spatial autocorrelation exhibited by distance band is taken for 

the analysis. Keeping distance band option stable, each 

feature within the context of neighbouring features and 

specified distance band, a conceptual model of spatial 

interactions are executed. The spatial interpolation study aids 

to identify the geographical location of cold and hotspots of 

dengue cases that facilitate evidence to enable the policy 

decisions [21-23].  

 

2.5.2 Spatial Analysis  

The process of extracting meaning and new information from 

the original data by manipulation of spatial information is 

called Spatial analysis. This study was carried out with a 

Geographic Information System (GIS). The statistical features 

and data interpolation geo-processing activities were 

calculated using the spatial analysis tools provided by the 

software GIS [24]. The hydrological modelling and the 

prominence of terrain analysis were emphasized in hydrology. 

The analytical functions that deals with wildlife point 

locations and their relationship with the environment were 

accentuated in wildlife management. Different user will have 

different things that they are interested in depending on the 

kind of work they do [25, 26]. 

Using point samples, the spatial point data of each house and 

surfaces were created by linking the household under the risk 

category. The results were produced by employing the inverse 

distance weighing (IDW) interpolation, the nearest neighbour 

technique [21, 27]. The IDW interpolator assumes that the local 

influence on each input point diminishes with distance. A 

specified number of points within a specified radius can be 

used to determine the output value for each location [28, 29]. 

The values to each cell were interpolated in the output grid 

theme by taking the average of the analysed value of each 

point by the distance using IDW interpolation [24]. 

The detection of disease dengue spatial patterns are dived into 

two types: Local detection and Global detection by 

Standardized Mortality Ratios spatial patterns using GIS 

10.2.2 software (Demo Version). The degree of homogenous 

attributes was accessed by acclamation of spatial 

autocorrelation by observing certain location and its 

neighbour units [22, 23, 30]. 

 

3. Results 

Mapping the distribution of dengue cases in a geographic area 

allows instant visual identification of areas that are at risk and 

facilitates faster conscription of resources. Fig. 2 shows total 

positive dengue cases in INDIA from the year 2010 to 2018. 

The overall dengue cases of 35 states of India in state-wise 

distribution (2010 to 2018) are illustrated in Fig. 3. 
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Fig 2: The total Dengue cases in India from 2010-18, year-wise distribution 

 

 
 

Fig 3: The Overall Dengue cases in India from 2010-18, Year wise distribution 

 

The study interprets increased rate of re-emerging dengue 

cases during the year 2017. The dengue death cases, year wise 

distribution and state wise distribution in INDIA from 2010 to 

2018 is illustrated graphically in Fig. 4 and Fig. 5 

respectively.  

 

 
 

Fig 4: The Total Dengue Death Cases in India from 2010-18, year-wise distribution 
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Fig 5: The Total Dengue Death Cases in India from 2010-18, state-wise Distribution 

 

3.1 Hot spot analysis and spatial interpolation: INDIA 

The spatial distribution of dengue cases for India from the 

year 2013 to 2018 was calculated using IDW. Depending 

upon the registered number of dengue cases, high and low 

clustered areas, hotspot and cold spot locations were found to 

be Karnataka (17018) being the third-highest and Arunachal 

Pradesh [15] the lowest clustered area in India during the year 

2017. However, Karnataka (4427) stood the ninth highest and 

Arunachal Pradesh (1) stood lowest clustered area in the year 

2018. The highest increased number (11570) of dengue cases 

in Karnataka is observed in the year 2019. Dengue cases are 

high in the year 2010-2012. Though the cases were constant 

in the year 2017, the increased number of dengue cases can be 

observed in the year 2018 (Fig. 6). 
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Fig 6: The overall Dengue cases in India from 2010-18 by a IDW interpolation pattern with a Quantile classification. 

 

The epidemiological data displayed 2256 dengue cases that 

were reported in the Mysore district (taluks, n = 8) during the 

period of 2013 to 2018. The number of positive dengue cases 

in 2013, 2014, 2015, 2016, 2017, and 2018 was found to be 

334, 66, 382, 582, 843 and 49 respectively. The graphical 

representation of dengue cases, taluk wise distribution in 

Mysore District from 2013-18 is shown in Fig. 7. The number 

indicates an increase in dengue cases in the year 2015, 2016, 

2017.  
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Fig 7: The Total Dengue Positive Cases in Mysore District from 2013-18 

 

The results showed that the majority of the reported dengue 

cases were in males when compared with the female 

population (Fig. 8). The data indicates that the dengue fever is 

predominant is all the age groups 0-14, 15-44, 45-60 and 

above 60 years (Fig. 9). Nevertheless, comparatively age 

groups 0-14 and 15-44 were mostly affected in all the six 

years.  

 

 
 

Fig 8: Gender-wise distribution of Dengue Cases in Mysore District from 2013-18 

 

 
 

Fig 9: Age-wise distribution of Dengue Cases in Mysore District from 2013-18 
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3.2 Hot spot analysis and spatial interpolation: Mysore 

The localities with high and low clusters of dengue case 

abundance were identified using Arc GIS, Spatial 

interpolation tool. In Mysore three hotspot taluks in the year 

2017 were identified as 477 cases in Mysore city, 111 cases in 

Mysore rural and 83 cases in T Narasipura. However, in the 

year 2018, the cases are reduced, three hotspots were 

identified as 20 cases in Mysore city, 7 cases in Mysore rural 

and 5 cases in KR Nagar. As there is a different rate of 

dengue cases, the hotspot districts showed high standard 

deviations. Mysore city (477) was found to be the highest in 

the district during the year 2017 as well as during the year 

2018. The lowest clustered area was found to be KR Nagar 

and HD Kote during the year 2017 and 2018 respectively 

(Fig. 10). 

 

  
 

  
 

  
 

Fig 10: Spatial Distribution of Dengue cases in Mysore District from 2013-18 

 

3.3 Taluk level pattern of Dengue Cases 

Based on the number of total dengue cases, all taluks (n = 7) 

were grouped into four categories. The spatial distribution of 

minimum endemic areas, average endemic areas and high 

endemic areas with reported dengue cases among taluks in 

Mysore district of Karnataka from 2013 to 2018 is illustrated 

in the Fig. 11. Mysore city showed as the maximum endemic 

area during 2013, 2015, 2016, 2017 and 2018.  
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Fig 11: Spatial Distribution of Dengue cases in Mysore District from 2013-18 A) Minimum B) Average C) Maximum 
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3.4 Dengue Cases in Urban and Rural Mysuru  

According to the analysis of data, Mysore urban was found to 

be the highest number of dengue cases when compared with 

rural areas (Fig. 12). The death cases due to dengue disease in 

Mysore urban and rural is illustrated (Fig. 13). The number of 

dengue cases depends upon proper sanitation, environmental 

management to detect or eliminate mosquito breeding 

sources, proper knowledge to common people regarding 

prevention of disease. Therefore, it is the quality of the 

surrounding environment that indicates the disease outcome, 

which can be clearly identified. This study helps public health 

officials to identify the zones of disease endemics in 

executing real time decisions for preventive and precautionary 

strategies to control prevalence of “Dengue-The vector borne” 

disease effectively.  

 

 

 
 

Fig 12: Dengue Positive Cases in Urban and Rural Mysuru from 

2013-18 

 
 

Fig 13: Dengue death Cases in Urban and Rural Mysuru from 2013-18 

 

The study interprets an increased rate of re-emerging dengue 

cases in Mysore during the year 2017. The dengue death cases 

in Mysore from 2013 to 2018 are illustrated graphically in 

Fig. 14.  

 

 
 

Fig 14: The Total Death Cases of Dengue in Mysuru District from 2013-18, Talukas Wise distribution. The zero death cases can be observed in 

Periyapattana and KR Nagar. 
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3.5 Rate of increased dengue prevalence pattern in 

Karnataka  

The epidemiological data shows that in total 2285, 405, 3924, 

6408, 3358, 6083, 17018, 4427 and 11570 (till September 

2019) reported dengue cases in the year 2010, 2011, 2012, 

2013, 2014, 2015, 2016, 2017, 2018 and till September 2019 

respectively (Fig. 15). By the data, it indicates re-emergence 

of dengue disease and fluctuations in its prevalence. The 

results indicate the importance of understanding the spatial 

interpolation of dengue incidence to prevent the future risk 

and complexity of the fast-growing disease.  

 

 
 

Fig 15: Dengue Pattern in Karnataka from January 2019 

 

4. Discussion 

The epidemiology and the use of computational geographic 

information system is a significant challenge for surveillance 

and effective control of public health. The gradual increase in 

the dengue cases can be observed in India year by year. 

Particularly during the year 2017, there is a tremendous 

increase in the dengue reported cases as well as death. 

Therefore, knowledge upon the epidemiological status of 

dengue disease, effective surveillance study, epidemiological 

data analysis, disease outbreak, hot spot analysis, intensity 

and spread of the disease is of precarious importance [36]. 

The prevalence of dengue in India is determined by the 

comparative study across population density. Many reports 

suggested that the disease incidence in spatial patterns and 

highlighted geographical areas would reveal the significant 

incidence of the disease in a selective area [51]. Most of the 

study has focused on the epidemiological and entomological 

aspects of dengue [51]. This is the first study to estimate the 

spatial distribution and cluster analysis using IDW tool for 

dengue disease in Mysuru District and overall dengue cases in 

India. The similar study, the spatial statistical analysis through 

geographical information system was used to analyse hot spot 

regions in the state Andhra Pradesh, India [36]. One of the 

studies has also reported the prevalence of the different 

diseases in Karnataka using the tools of geographical 

information system with the comparative analytical procedure 

of spatial interpolation [37]. 

The study revealed that in Mysore district the number of 

dengue cases reported by males are high when compared with 

females. However, in the country like South America, both 

males and females were affected by dengue in an equal ratio 
[35]. The countries like Philippines, Singapore, Sri Lanka, 

Cambodia and Malaysia also reported an excess of dengue 

cases from males of age more than or equal to 15 years [34]. 

The Spatio-temporal variations in the risk of dengue disease is 

correlated with the temperature and climatic conditions that 

support the development of the virus [36]. 

The use of global measures to understand the spatial pattern, 

hot spot, spread and intensity of the disease through cluster 

and quantile predictions has been widely recognized in health 

science employed in this study. The disease such as TB has 

been mapped for the measurement of disease intensity, 

hotspot and spread using GIS tool. The tuberculosis incidence 

of hotspots in Karnataka was also plotted using GIS software 
[37]. This study used Arc-GIS (demo version) software to 

retrospectively map the spatial pattern of reported cases of the 

disease dengue which aids to identify possible risks area 

visually for the year 2013 to 2018. The identification of 

spatial risk areas contributes to understanding the dynamic 

process of the disease epidemic. In some area, though the 

duration of the dengue is short, the disease intensity might be 

stronger, while some of the areas show longer epidemic 

period, which can be represented as the darkest area showing 

highest value. By this result pattern, the effective risk that 

would cause in the future can be strained to be controlled by 

the attitude of people in destroying Aedes breeding habitats. 

Distribution pattern of the dengue disease showed the 

gradually increased values in the same locality however, a 

sudden lower value in the previous year. Nevertheless, the 

occurrence of the dengue may be erratic that is appearing 

continuously, disappearing in some year and might reappear 

again in the following year. 

Regarding the outcome of the study from the year 2013 to 

2018 level of dengue IDW pattern using the local and global 

detection has been represented. The contrasting study to other 

diseases like tuberculosis in Mysore followed by cases in 

Karnataka was also reported using GIS software [37]. The 

dengue cases were high in males when compared to females 

were also analysed and reported from six Asian countries [34]. 

The same method of spatial analysis was also used for cancer 

incidences that determined to identify hotspots and risk areas 

in the western regions of Tamil Nadu [38]. The infectious 

disease like malaria in the Kalburgi taluk of Karnataka was 

taken up to analyse the excess of greatest risk, the hotspot of 

the disease had been plotted using spatial decision support 

system ArcGIS [39]. 

The major findings of this study are first, the notification data 

for the disease dengue from the recent years that would aid to 

develop precautionary measures and regulatory procedures to 

prevent the dengue events in future. Secondly, reported 
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dengue cases from all the taluks in Mysore districts followed 

by overall cases of Karnataka and India are included for the 

data analysis. Finally, the hot spot analysis using novel spatial 

distribution and cluster analysis methods were used to 

determine the hotspots/clusters of the dengue disease. This 

study enables to develop spatial and temporal maps that 

would aid public health officials in developing preventive 

measures towards dengue management. 

However, this study does not comprise the local mosquito 

density data, therefore incompetent to add upon the 

information to vector control interventions for the disease 

management. The factors such as climatic changes, 

socioeconomic conditions and population growth were 

limited. Nevertheless, the data from the latest six years have 

been included to bridge the information for future years that 

would integrate into control of the disease dengue. 

 

5. Summary and Conclusion 

This study incorporates the application of geographical 

information system to analyse disease endemic, prevalence, 

prediction of hotspot and cold spot and spatial spread of 

dengue disease with respective years. This technique 

effectively ensures the dengue patterns of Mysore district 

followed by the overall cases of Karnataka and states of India. 

The spatial interpolation model for predicting dengue disease 

intensity using Arc-GIS was the first attempt for Mysore 

district. This aids in the identification of spatial patterns of 

dengue disease. This technique significantly ensures the 

quality of disease prevalence that can be relied on to develop 

preventive measures by health service provision. The 

interpolation pattern of the disease can be easily understood 

by using GIS tools. By this study, the heterogeneity of the 

dengue disease is observed through spatial patterns within the 

study region. The GIS-based epidemiological maps for 

dengue disease in the identified areas are most beneficial for 

public health care and family welfare regional officers to 

implement disease preventive strategies in their disease 

control programme. Despite complemented by numerous 

methodological limitations, activity space-based spatial 

analysis delivers a further awareness of dengue transmission 

dynamics in Mysore city. The effect of this study is still 

useful in conveying measures to reduce dengue prevalence 

and for awareness of public health. 
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