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Abstract

Background and Objective: The dengue disease hascome growing menace in the public health
concern due to its femergence 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$oftware. 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 ratenoérging
dengue cases during the year 2017 and 2018. The use of GIS software revealed the number of incidence
high and low clustered areas, hotspot and cold spatitms of the registered dengue cases. IDV&

tool was used to identify the disease intensitiisore district and India. Mysore city stood highest in

the district and the lowest clustered area was found to be HD Kote in 2018. Karnataka (17018pstood t
third-highest and Arunachal Pradesh (15) stood lowest clustered area in India during 2017. The spatia
autocorrelation was projected in the geographical space. Based on the disease, registered case intens
the taluks were characterized into high, agerand low endemic areas.

Conclusion: The study indicated that soesonomic and socioultural variables are highly correlated

with the prevalence of Dengue. This visualization approach,-{BI8/helps the public health officials to
identify the zones fodisease endemics in executing réale decisions for preventive and precautionary
strategies to cont r-ohevettdaibeo rpnreedv adli esnecaes eo fe ffif Deecnt gi uve

Keywords: Denguefever, geographic information systearc gis, incidence of dengwases 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 withfal@8®ver the past fifty years

4 Currently,twef i ft hs of the overall worldbés popu
a major menace to global public healtf. The dengue fever also called Break bone fever
caused by the Virus that belong t@ thenud-lavivirus and familyFlaviviridae. Dengue virus

is a singlestranded RNA virus that includes four different serotypes i.e., DENEN2,

DEN-3 and DEN 4 ¥, The four serotypes of Dengue share common ecological and
geographical niche. Dengueadmorrhagic fever (DHF) and Dengue fever are the clinical
manifestations causing a wide spectrum of illl&¥s A mosquito,Aedes aegypis a vector

for dengue virus and hence a vedbiorne 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 sigrificd@nged over
almost the past six decades in terms of prevailing strains, the severity of disease anc
geographichlocations that were affected. According to WHO, around 96 million were
affected with dengue fever in the year 2010, globally over B@0p&ople with dengue fever
estimated to be hospitalized of which 2.5% died due to severity of the di%ease
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The widespread of dengue disease outbreak is observed in thdengue cases in Mysore district. Based ba analyses, a
major cities of India. Karnataka (17018) stood the third region with the highest cases can be identified as the source of
highest and Arunachal Prade&hstood lowest clustered area Dengue fever.

in India. There was an increased rate of dengue reported cas@he current study uses GIS tool and statistical analysis to
129166 to 13220 in the year 2016 to 2017. However, the locate the spatial distribution, hotspots and intensity of the
number reduced to 101192 in the year 2018 which is probablyincidence at the province. The suppoftGIS- tool aids in

due to better patient management, better reporting and als@inding the dengue reported cases and targets the intensity
increased diagnostic proficienciés hotspot distribution. The ArGIS is the software that includes
The study of spatial distribution, patterns ancedminants of  Arc-Map, ArcCatalog and Arg¢oolbox. The software
dengue in the Indian subcontinent is very complex and varieprovides increasing levels of functionality and favours to
over the period. As most of the dengue cases were reportediscover spatial sodality patterf§. This tool was used to
from cities, it was assumed that the dengue fever as the urbavisualize and describe the spatial distribution of dengue
disease. However, the major outbreaks of dengue diseaseeported cases. The use of GIS tool aids to identify the region
werefound to be from the rural areas of western and southerrmat highest risk for the dengue fever outbreak at Mysore
India [ 19, In 2017, an outbreak of dengue epidemic in the district. The gnamics and distribution of dengue fever ensued
country was 157220 cases and 250 deaths which were abotditom the outcome of the result can be used as an indicator of
15-20% higher than the previous years. Five states of thehazard in a localitj*.

country recorded attge number of dengue cases out of which

Karnataka state ranked third in a total number of dengue2. Materials and Methods

positive cased®. In Mysore district, the endemic level of 2.1. Study area

Dengue fever has altered the rate of disease and th&he southern part in the state Karnataka is Mysore District
magnitude of incidence in the last few yearShe formally called as Mysuru, located at the Chamundi foothills.
epidemiological conditions of the dengue disease thatThe geographical scale of the district Mysuru i§18 o 2 6 d

influence the transmission of the virus from thedes aegypti  North latitude and 763 8 ¢ 59 aa Eas't l ongi
is the major cause for the dramatic emergence of dengudeing 24,4Z ft (739.7 m). Mysore City Corporation is the
fever. headquarters of the Mysore district has also taken complete

In recent years, with new interest and concern, theresponsibility of civic administration of the city. Karanji Lake
combination of climatic changes and the availability of is the biggest 'Waldhrough Aviary' in the Mysore district.
various research tools has led an investigation on vbciore The land area used foesidential, roads, industrial, public
disease. Spatial information techniques such as GISproperty, commercial agriculture, water, parks and open
(Geographic Information Systemallows identifying the spaces during 2001 was 39.9%, 16.1%, 13.48%, 8.96%,
history of medical data in the field of the particular region 3.02%, 2.27%, 2.02% and 13.74% respectively. During
affected by the diseas® '3, However, applications of these March to June summer season, July to November monsoon
techniques to study the spread of dengue are still limited toseason, December to February winter season are the main
few studies and geographically limited to &tye district. seasons seen. O April 1917, the highest temperature 39.4
With GIS, the precision of dengue disease mapping°C (103 °F) and on f6January 2012 the lowest temperature
concerning the Mysore locality can be intensified. Therefore,7.7 °C (46 °F) was recorded. The city's average annual
before mapping response to disease outbreak can beainfall is 804.2 mm (31.#%) (Fig. 1).

monitored and detected using GIS tdé1d, In 2011, Mysore had population of 3,001,127 of which male
The exclusive exploitation ofdisease incidence rate to and female were 1,511,600 and 1,489,527 respectively. In
monitor disease occurrence provide limited results. Therefore2001 census, Mysore had a population of 2,641,027 of which
the spatial distribution of dengue fever using tools of GIS males were 1,344,670 and remaining 1,296,357 were females,
assist to explore the frequency, intensity and duration of themaking t the thirdmost populous city in Karnataka.

MYSORE
TALUKA/TEHSIL MAP

g

|

Fig 1: Study region focuses on India (A) and Mysore district (B)
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2.2 Epidemiological data 2.5 Data analysis

The epidemiological data on dengue cases was obtained frorfi.5.1 Hotspot detection

the District Health and Family Welfare Office, Government of The different spatial clustering pattern such as hot spots, cold
Karnataka, Mysore for the period 202818, which consists  spots and high risk over the entire study area with statistical
of information on dengue reported cases belonging to all thesignificance was identified using Getisr d 6 Gi 6 st
talukas of Mysore district. The sampling unit in the study is The Zscore and fvalue are the resultant that features high
an individual hosehold. All dengue patients were taken as (hotot) and low (coldspot) values cluster spatially. In
sample and an equal number of randos#lected unaffected comparison to a hotspot and low spot areas at high risk can be

samples in the study area were also included. significantly identified?4. With the defined distance band
option or threshold limit the spatial relationship is fixed
2.3GIS modelling with social data distance to analgsthe hotspot. The peak Z value, the highest

The extension of the use and analysis of the traditional papespatial autocorrelation exhibited by distance band is taken for
map was usd to develop GIS. The digital map data displayed the analysis. Keeping distance band option stable, each
on paper maps are the most basic form that uses measuremefeature within the context of neighbouring features and
frameworks, and representation methods such as colours anspecified distance band, a concegptumodel of spatial
classification schemd¥ 19, interactions are executed. The spatial interpolation study aids
The spatial data in a GIS is the first key compon8pttial to identify the geographical location of cold and hotspots of
and Relational Data Models are the central machinery of GISdengue cases that facilitate evidence to enable the policy
A digital format was used to capture Map data. The decisiond?+23,

terminology layer was used to set individual features within

spatial data in Ar&I1S. The GIS operator records the attribute 2.5.2 Spatial Analysis

data and wjitizing of the coordinate data within a relational The process of extracting meaning and new information from
database of each feature table. An individual road segmenthe original data by manipulation of spatial information is
within the spatial part of the layer and individual record called Spatial analysis. This study was carried out with a
within the tabular part of the layer has one to one relationshipGeographic Information System (GIS). The statistical features
between therf??. and data interdation geoprocessing activities were
The coordinate features and the database table are the twmalculated using the spatial analysis tools provided by the
parts of the layer. The functionality of the layer in the GIS software GIS 24, The hydrological modelling and the
requires both parts of the layer. The layer's attribute tableprominence of terrain analysis were emphasized in hydrology.
records every city point in the spatial part of the layer. The The analytical functions that deals with ldlife point
linkage wihin layers between the tabular and spatial data oflocations and their relationship with the environment were
features allows the "what" and "where" questions in the GIS.accentuated in wildlife management. Different user will have
The ArcGIS software automatically manages this linkage. different things that they are interested in depending on the
This includes the confirmed Dengue cases notified fromkind of work they dd?> 28,

201318 in Mysore District. Theeport is based on the data Using point samples, the sgatpoint data of each house and
collected annually from all Taluks of Mysore. To obtain the surfaces were created by linking the household under the risk
spatial distribution of dengue using Gb&sed analysis, the category. The results were produced by employing the inverse
number of dengue cases were mapped at 1:25,000 scale hjistance weighing (IDW) interpolation, the nearest neighbour
using a GIS technique in AGIS software 10.2.2 (@mo techniquel®® 21, The IDW interpolatomssumes that the local

Version). influence on each input point diminishes with distance. A
specified number of points within a specified radius can be
2.4 Arc- GIS Software 10.2.2 (Demo Version) used to determine the output value for each locdfforid.

Available interpolation options: Arc-GIS spatial analyst The values to each cell were interpolated in thgpwatugrid

(version 10.2.2) comprises several interpolation tools fortheme by taking the average of the analysed value of each

constructing surface grids from point data. One of the selectegoint by the distance using IDW interpolati@f.

methods like: The detection of disease dengue spatial patterns are dived into
two types: Local detection and Global detection by

IDW i The sample points are weighted during interpolation Standardized Mortalt Ratios spatial patterns using GIS

in the IDW interpolation method. 10.2.2 software (Demo Version). The degree of homogenous

The influence was of oAgoint comparative to other descents attributes was accessed by acclamation of spatial

with distance from the unknown point that has to be autocorrelation by observing certain location and its

generated. neighbour unit$> 2334,

Spline 7 The values are estimatedsing a mathematical 3. Results
function in the Spline interpolation methodhe surface  Mapping the distribution of dengue cases in a geographic area
curvature is minimized to a smooth surface that exactly passeallows instant visual identification of areas that are at risk and

through the input points. facilitates faster conscription of resourcéfy. 2 shows total
positive dengue cases in INDIA from the year 2010 to 2018.
Kriging T It is an effective type of spatial interpolation The overall dengue cases of 35 states of India in stite

method. The values of unknown ptirbased on the values at distribution (2010 to 2018) are illustrated in Fig. 3.
known points are estimatedsing complex mathematical
formulae.
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Total Dengue cases from 2010-18in India
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Fig 2: The total Dengue cases in India from 2a®)yearwise distribution

Overall Dengue Cases in India From 2010-18, State Wise Distribution
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Fig 3: The Overall Dengue cases in India from 2QA8) Year wise distribution

The study interprets increased rate ofereerging dengue 2018 is illustrated graphically inFig. 4 and Fig. 5
cases during the year 2017. The dengue death cases, year wigspectively.
distribution and state wise distribution in INDIA from 2010 to

Total Death cases of Dengue from 2010-18in India
300
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No. of Cases in Hundreds

100
50
0

2010 | 2011 @ 2012 | 2013 | 2014 | 2015 | 2016 &= 2017 | 2018
® Dengue Death Cases | 110 169 242 193 137 220 245 250 172

Fig 4: The Total Dengue Death Cases in India from 20&0yearwise distribution
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Fig 5: The Total Dengue Death Cases in India from 20&0statewise Distribution

3.1 Hot spot analysis andpatial interpolation: INDIA 2017. However, Karnataka (4427) stood the ninth highest and
The spatial distribution of dengue cases for India from the Arunachal Pradesh (1) stood lowest clustered area in the year
year 2013 to 2018 was calculated using IDW. Depending2018. The highest increased number (11570) of dengue cases
upon the registered number of dengue cases, high and lown Karnataka is observed in the year 2019. Dengue cases are
clustered areas, hotspot and cold spot locations warel fto high in the year 2022012. Though the cases were constant
be Karnataka (17018) being the thhihest and Arunachal in the year 2017, the increased number of dengue cases can be
PradesH® the lowest clustered area in India during the year observed in thgear 2018 Fig. 6).
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Fig 6: The overall Dengue cases in India from 2ABby a IDW interpolation pattern with a Quantile classification.

The epidemiological data displayed 2256 dengue cases thatepresentation of dengue cases, taluk wise distribution in
were reported in the Mysore district (taluks, n = 8) during the Mysore District from 20148 is shown irFig. 7.The number
period of 2013 to 2018. The number of positive dengue casesndicates an increase in dengue cases in the year 2015, 2016,
in 2013, 2014, 2015, 2016, 2017, and 2018 was found to be017.

334, 66, 382, 58 843 and 49 respectively. The graphical
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Dengue Cases in Mysuru District 2013-18
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Fig 7: The Total Dengue Positive Cases in Mysore District from 208.3

The results shoveethat the majority of the reported dengue above 60 years (Fig. 9). Neverthelessmparatively age
cases were in males when compared with the femalegroups 614 and 1544 were mostly affected in all the six
population (Fig. 8). The data indicates that the dengue fever igears.

predominant is all the age groupsl®, 1544, 4560 and

Gender Distribution of Dengue Cases in Mysore District
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O 400
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5 300
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%5 200
o
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0 __ e e
2013 2014 2015 2016 2017 2018
H Male 191 37 224 252 490 35
® Female 143 29 158 230 453 14
Fig 8: Gendeswise distribution of Dengue Cases in Mysore District from 2083
Age Wise Distribution of Dengue Cases in Mysore District
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Fig 9: Age-wise distribution of Dengue Cases in Mys@istrict from 201318
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3.2 Hot spot analysis and spatial interpolation: Mysore and 5 cases in KR Nagar. As there is a different rate of
The localities with high and low clusters of dengue casedengue cases, the hotspot districts showed Isigimdard
abundance were identified using Arc GIS, Spatial deviations.Mysore city (477) was found to be the highest in
interpolation tool. In Mysore three hotspot taluks in the year the district during the year 2017 as well as during the year
2017 were identified as 477 cases in Mysore city, 111 cases ir2018. The lowest clustered area was found to be KR Nagar
Mysore rural and 83 casen T Narasipura. However, in the and HD Kote during the year 2017 and 2018 respectively

year 2018, the cases are reduced, three hotspots wer@ig. 10).
identified as 20 cases in Mysore city, 7 cases in Mysore rural
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Fig 10: Spatial Distribution of Dengue cases in Mysore District from 2083

3.3 Taluk level pattern of Dengue Cases

21

endemic areas with reported dengue cases among taluks in
Based on the number of total dengue cases, all taluks (n = 7Mysore district of Karnataka from 2013 to 2018 is illustrated
were grouped into four categories. The spatial distribution ofin the Fig. 11. Mysore city showed as the maximum endemic
minimum endemic areas, average endemic areas and highrea during 2013, 2015, 2016, 2017 and 2018.
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