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ABSTRACT

Identification of tuberculosis (TB) affected sectors always keeps a check over the transmission in urban regions. 
Despite adequate therapy, the rate of infection is constant for decades in these regions. Information in residential 
address and identified TB affected sectors need accordance as per the studies by the researchers. In particular, as an 
intervention method, geographic information system (GIS) tools on TB epidemiology reveal significant geographical 
heterogeneity of TB spread in the region. The heterogeneous TB patterns in the local region is due to the person to 
person disease spread. Due to ongoing person-to-person transmission, TB represents heterogeneous spatial patterns 
with the local aggregation of cases. Many studies on the combination of TB patients based on their residential address 
and TB infection sites lack accordance. This study aimed to identify TB incidence using the geospatial features in 
the reported cases of Mysuru district, in Karnataka. The TB spatial epidemiology in Mysuru district was aimed in a 
defined geographical area which was deciphered by application of GIS (ArcGIS 10.2.2 demo version) with inverse 
distance weighted interpolation technique. Based on the reported cases, hotspots reveal, the uneven distribution of TB 
cases was noticed in Mysuru district. Incidence based spatial analysis suggested possible TB transmission sites and 
its dynamics in urban areas of Mysuru. Implementing these strategies could be useful for detecting the distribution 
of TB that can be targeted for screening and initiating the treatment regimen which interrupts the transmission and 
reduces TB incidence.

1. INTRODUCTION

One of the air-borne respiratory infection, tuberculosis (TB) caused 
by Mycobacterium tuberculosis is still a leading cause of morbidity 
and mortality worldwide over the decades. After the discovery of 
the infectious nature of the disease discovered by Koch in 1882, 
the profound knowledge about the pathophysiology and preventive 
strategies were extensively studied. Unfortunately, TB remains one 
among the global public health problem, standing 10th in an order with 
subsequent disease related to heart and stroke, etc.

In 1993, the World Health Organization (WHO) declared TB as a 
global health emergency [1,2]. Later in 2015, the WHO launched a 
surveillance program for TB and for past two decades, the program 
was considered as a sustainable accomplishment. Where, 58 million 
lives saved from 2000 to 2018 through diagnosis and treatment with 
notified cases (1.0 million cases in 2000 and 7.0 million in 2018).

Geographically, recorded TB cases in 2018 were detected in the WHO 
regions, namely, South-East Asia (44%), Africa (24%), Western Pacific 
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(18%), Eastern Mediterranean (8%), America (3%), and Europe (3%). 
Two third of the cases accounted in South East Asian countries, 
namely, India (27%), China (9%), Indonesia (8%), Philippines (6%), 
Pakistan (6%), Nigeria (4%), Bangladesh (4%), and South Africa (3%) 
(WHO report 2019).

However, in 2018 estimated 10 million cases were detected, out of 
which 5.7 million and 3.2 million were men and women, respectively. 
In 2018, India accounted for 2.69 million cases, out of which 13 
lakh and 7 lakh TB cases were among men and women, respectively. 
According to the records, India accounts along with eight other 
countries, accounted for 66% new cases in 2018 alone with 1.5 million 
TB mortality [3]. Karnataka accounted for a total of 83,094 positive 
cases, with 54,924 and 28,101 TB cases among male and female, 
respectively [4]. The reported cases of TB in Mysuru urban region 
found to be highest amongst all and among certain high-risk areas. 
All these aspects can be targeted to identify the current TB status in 
Mysuru district that pose the risk of spreading the infectious agent. 

New technologies in molecular epidemiological methods developed 
reveal the mode of TB transmission [5-7]. However, the application of 
geographic information system (GIS) in the field of epidemiology has 
the trend in analyzing TB incidence with the available geographical 
data which describes the visualization and TB spatial distribution. 
The combination of the spatial distribution for the epidemiological 
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studies like three dimensional analysis using inverse distance weighted 
(IDW) was used to understand the transmission of TB at the Worth-
Dallas metropolitan area of U.S., SaTScanTM v4.0.311 to analyze 
spatial relationships in Island of Montreal, Canada, and Spatial TB 
distribution study at Baltimore has been applied in the current study to 
understand the TB transmission [6,8,9].

In the current study, incidence of pulmonary TB cases in Mysore 
district was investigated using Arc GIS 10.2.2 (demo version) with 
a tool IDW. The present objectives of our study were to determine an 
epidemiological survey of spatial patterns of pulmonary TB cases in 
the Mysuru district.

2. MATERIALS AND METHODS

2.1. The Study Area
Mysuru city (155.7 km2) is one of the southern parts of the Karnataka 
state province in India and Headquarter of Mysuru Administrative 
District [10]. The city covers the diverse urban areas and rural environment 
with residential, commercial, and industrial zones. The Mysuru district 
covers an estimated population of 1.7 million in 2019. Climate of the 
area has a moderate type 17–37°C; thus, agriculture, industries, and 
information technology are the mainstay of the people [11].

2.1.1. Data collection
The study detects the incidence of TB annually from 2011 to 2018, 
assessing incidence cases reported by National Tuberculosis Elimination 
Program (previously called Revised National Tuberculosis Control 
Program [RNTCP]). It is a retrospective analysis of the incidence of 
TB at Mysuru district of Karnataka. The cases of pulmonary TB in 
rural and urban areas were estimated by the RNTCP survey from 2011 
to 2018, which served for the detection of spatial patterns of TB in 
Mysuru district by GIS tool.

2.2. Methods
The collected TB data were evaluated by the IDW which is one among 
three key interpolation methods for the cluster detection, namely, local 
polynomial and IDW (deterministic methods) and kernel smoothing 
which are three key spatial autocorrelation indices used to detect spatial 
aggregation of TB by creating TB patient density surface by nearby 
TB cases around the interpolated point were identified and a weighted 
average is considered in the spotted region within the neighborhood 
resulting in hotspots and cold spots in map [12,13].

The spatial anomalies in hotspot regions were studied using global 
Moran’s index (Moran’s I) and local Getis-Ord (Gi*) statistics that 
describe spatial clusters and areas in which these are situated. The 
values range from −1 to +1 indicates perfect dispersion to perfect 
correlation. Expected value of Moran’s I under null hypothesis of 
no spatial autocorrelation with negative value indicates negative 
spatial autocorrelation. The value range from −1 indicates the perfect 
dispersion to +1 perfect correlation. Each hotspots analysis calculates 
the Getis-Ord Gi* static in a dataset. The analysis results in z-score 
and P-values reveal the spatial cluster of characteristics with either 
high or low values. The tool analyzes each feature within the context 
of neighboring features.

The spatial autocorrelation tool based on the moran’s index, Expected 
Index, Variance, z-score, and P-value. It assesses whether the pattern 
represented is clustered, scattered, or random, given a set of features 
and an associated attribute. To determine the importance of that 
index, the tool calculates the Moran’s I Index value and both a z-score 

and a P-value. P-values for a specified distribution are numerical 
approximations of the area under the curve with limited statistics. 
Under the null hypothesis expected value of Moran’s I with no spatial 
autocorrelation that is negative values indicates negative spatial 
autocorrelation and positive inverse values. The value range from 
−1 indicates the perfect dispersion to +1 perfect correlation. The Gi* 
statistics returned for each feature in a dataset is a z-score. The larger 
the z-score, more intense the clustering of hotspots (high values), and 
smaller the z-scores, more intense the clustering of cold spots (low 
values). The subsequent analysis of these data was assessed in IDW 
an interpolation method to understand the TB patterns. However, the 
selection of the interpolation method was based on the validation 
criteria to identify the most accurate method [14].

2.3. GIS Mapping
The TB patterns analysis created by mapping the disease prospects 
at urban region of the Mysuru district was determined by generating 
the proportion at the highly reported area over the average incidence 
from 2011 to 2018. Disease possibility was estimated by the average 
incidence of all areas with the ratio of the observed incidence [15]. To 
estimate disease possibility, the average incidence of all areas with the 
ratio of the observed incidence was calculated. The TB cases in India 
were spotted by Getis-Ord with computer tomography which detects 
the hotspots and cold spots. The collected data were surveyed and 
mapped using ArcGis (10.2.2 demo version).

3. RESULTS

The distribution of reported PTB cases in Mysuru district from 2011 to 
2018 was investigated using GIS software. The demographic data of the 
patient’s information include age, gender, and locality selected for the 
study. The total reported cases from 2011 to 2018 reveals 14,146 PTB 
patients in Mysuru district with 10,308 (81%) and 3838 (30%) men 
and women, respectively. In addition, Mysuru urban region found to 
be the highest reported PTB patients with 5172 (41%) cases from 2011 
to 2018. On geocoding (total PTB), cases of PTB infected people in a 
three dimensional analysis method IDW hotspots of the area with high 
infection rate was determined. To study the intensity of the infection 
from 2011 to 2018, the reported cases of PTB were mapped [Figure 1].

On mapping the reported data, Mysuru urban region found to be the 
highest in PTB cases. Further, the work was extended to study the 
infection rate among men [Figure  2] and women [Figure  3] in the 
region.

As illustrated in the map, the PTB infected area varied from 2011 
to 2018. Evaluation of TB dispersion in Mysuru district with GIS 
revealed a geographical heterogeneity that is uneven distribution with 
various concentration of TB in the Mysuru district.

All province of the district was found to increase in TB infection with 
population increase. The Mysuru urban population was found to be 
higher with increase population and PTB cases [Table 1].

The population density of Mysuru district is the second largest 
that around 14, 56, 651 and 18, 28, 096 in urban and rural regions, 
respectively. The prevalence of TB patients is seen to be higher in 
the Mysuru Urban city [Figure 2]. Most of the health care centers are 
located in Mysuru urban city. The district has the largest and wider 
geographical region, the distribution of patient number was found 
higher than that of the other talukas. The talukas with less urbanization 
and high access to nature have less patient’s dispersion statistics. The 
result revealed most TB patients which were distributed in Mysuru 
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Figure 1: Total pulmonary tuberculosis cases in Mysuru district (2011–2018).

Table 1: Pulmonary tuberculosis cases with population in Mysuru district 
2011–2018.

Year Population Pulmonary

2011 2,994,744 1,473

2012 3,033,861 1,527

2013 3,073,719 1,493

2014 3,114,339 1,381

2015 3,155,734 1,389

2016 3,197,920 1,315

2017 3,240,918 3,095

2018 3,284,747 2,544

district located in the southern part of Karnataka that has high 
socioeconomic status.

Indeed there were only a total of 592 and 1173 positive PTB cases 
reported in talukas of Mysuru District, namely, Periyapatna and 
Krishnarajanagara (KR Nagar), respectively, from 2011 to 2018. 
Highest reported cases were 5172 in Mysuru followed by 1513 cases 
in Nanjangud from 2011 to 2018. On comparing the population density 
in this region, Periyapatna and KR Nagar have the least followed by 
Mysuru and Nanjangud with the highest population.

The total cases detected in men and women were 10,308 and 3,838 
(2011–2018), respectively. As a result, the percentage of men is almost 
twice that of women. This ratio was observed in most of the talukas of 
the Mysuru urban as well as all districts of Mysuru [Figure 3a and b].

In this contrast, the overcrowding factors seem to have a prominent 
role in TB dispersion. In fact, urban city has favorable access to public 
health centers and resources with an increased number of positive 
cases in the respective year of 451 (2011), 479 (2012), 490 (2013), 428 
(2014), 452 (2015), 553 (2016), 1099 (2017), and 1220 (2018). Yet, 
overcrowding in this residential region may cause a drastic increase 

of PTB [Figure 2]. Mysuru urban region poses high vulnerability and 
burden zones among all the talukas of Mysuru district.

4. DISCUSSION

A study on TB transmission at Rio de Janeiro, Brazil, demonstrated 
a community-wide transmission that is likely to occur in small, 
geographically defined hotspots containing 6% of city’s population, 
16.5% of TB incidence, and 35.3% of ongoing TB transmission 
events [16]. Few studies in health care providers and patients 
with chest symptoms during population-based surveys were 
obtained the representative data in high-burden states [17]. Many 
of these associations align with other research that has also been 
shown to be higher in lower racial/ethnic groups in Brazil’s TB 
incidence [18-20], more crowded household [21-26] and in high 
populated areas [27-29]. Age and gender have been observed as 
strong determinants of TB disease, with a higher risk of TB disease 
amongst geriatrics and in males with possibilities like low activity 
of the immune system and exterior work, respectively [30]. Four 
previous TB prevalence surveys conducted in the neighboring 
Tiruvallur district and numerous other studies conducted in India 
and other parts of the world have made similar observations [31-33]. 
In addition, a survey also showed a very high prevalence of PTB 
disease among men above 55 years of age [34].

Our findings confirm that TB to consider a major public health 
problem in this southern Indian city and highlights the need for re-
thinking current TB control strategies. Future research should study 
the impact of interventions, including deployment of more sensitive 
diagnostics in certain areas, active case finding in high-risk groups, 
engaging private practitioners in TB control by usage of mask in high-
risk groups, and also by undertaking an extensive media campaign. 
The city has been exposed to urbanization and industrial areas which 
also include less agricultural and mountain regions. Therefore, a 
significant relationship between regional development and the TB 
distribution can be observed.
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Figure 2: Year-wise pulmonary tuberculosis cases in Mysuru district (2011–2018).
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5. CONCLUSION

Evaluation of PTB hotspots in Mysuru district with GIS revealed 
a geographical heterogeneity which can be used as one of the 
epidemiological tools in the health care sectors that can be able to access 
TB incidence, current scenario, and prediction on TB transmission in 
the area. In addition, these results could be useful to develop guidelines 
for more directed TB control strategies in specific geographical areas 
with high PTB prevalence. Considering the results of this study, urban 
and rural areas, which have been considered as high populated areas 
around Mysuru district that may be represented as a high prevalence 
of PTB. The study showed that the non-random spatial distribution 
of PTB in the district of Mysuru was clustered with important spatial 
patterns for high incidence. In addition, TB patterns in men found to be 
twice that of the women that may be account to the lifestyle adopted.

Indeed, numerous studies have been reported the significant role 
of socioeconomic conditions, including hygienic conditions and 
overcrowding in specific geographical regions [35]. To minimize the 
high burden and variation of the outbreak of the disease, the above-
mentioned factors should be taken into account by the health care 
authorities around the world. The data definitely would help health-
care authorities to make better decisions about developing new 
strategies to handle TB transmission in the studied area and direct the 
interventions to sites where they are most needed. The results obtained 
illustrate that the GIS could serve as a link between biomedical and 
social sciences. It will become possible to identify and map medically 
vulnerable populations and various risk factors and their combinations 
and to correlate these findings with treatment region the knowledge 
over and epidemiological trends over time. The capacity of GIS to link 

Figure 3: (a) The total reported cases of pulmonary tuberculosis in men from 2011 to 2018 (b) The total reported cases of pulmonary tuberculosis in women from 
2011 to 2018.

a

b
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the disease information with environmental and spatial data makes it 
an effective tool for TB prevention worldwide. Thus, it is possible to 
conduct geographically based screening and use the results to develop 
improved programs for controlling TB based on the obtained evidence.
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