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Abstract

Background: Tuberculosis (TB) depicts heterogeneous spatial patterns with geographical aggregation of TB cases
due to either ongoing person-to-person transmission or reactivation of latent infection in a community sharing risk
factor. In this regard, we aimed to assess the spatiotemporal aggregation of drug-resistant TB (DR-TB) patients
notified to the national TB program (NTP) from 2015 to 2018 in selected districts of Karnataka, South India.

Methods: This was a cross-sectional study among DR-TB patients notified from Dakshina Kannada, Udupi, and
Chikamagalur districts of the state of Karnataka. Clinico-demographic details were extracted from treatment cards.
The registered addresses of the patients were geocoded (latitude and longitude) using Google Earth. Using the
QGIS software, spot map, heat maps and grid maps 25 km2 with more than the expected count of DR-TB patients
were constructed.

Results: Of the total 507 patients studied, 376 (74%) were males and the mean (standard deviation) age of the
study participants was 41.4 (13.9) years. From 2015 to 2018, the number of patients increased from 85 to 209 per
year, the area of aggregation in square kilometers increased from 113.6 to 205.7, and the number of rectangular
grids with more than the expected DR-TB patients (> 1) increased from 12 to 47.

Conclusions: The increase in the number of DR-TB patients, area of aggregation, and grids with more than the
expected count is a cause for concern. The NTP can use routine programmatic data to develop maps to identify
areas of aggregation of disease for targeted TB control activities.
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epidemiology
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Introduction
Globally, tuberculosis (TB) remains a major public health
problem of concern with an estimated 10 million incident
TB patients and 1.3 million deaths due to TB in the year
2017. Multidrug-resistant tuberculosis (MDR-TB, TB
resistant to isoniazid and rifampicin) and extensively drug-
resistant tuberculosis (XDR-TB, MDR-TB plus resistance
to any fluoroquinolones and at least one second-line inject-
able drug) have emerged globally and pose a threat to TB
control efforts. The World Health Organization (WHO)
estimated about 330,000 incident multidrug-resistant TB or
rifampicin-resistant TB (MDR/RR-TB) patients globally in
the year 2017 [1]. However, only 54% of the estimated were
notified to the national TB program (NTP). Thus, almost
half of the estimated MDR/RR-TB patients went either
undiagnosed or diagnosed but not reported [2].
India is one of the 30 high-burden TB countries and has

a triple burden of TB, TB/HIV, and MDR-TB. In 2017, it
was estimated that there were 65,000 MDR/RR-TB pa-
tients in the country with a prevalence of 2.8% among
new TB cases and 12% among previously treated TB cases.
Similar to global trends, there is a substantial gap in the
detection and treatment of MDR/RR-TB patients in India.
Of the estimated, only about 40% of the MDR/RR-TB pa-
tients are identified and initiated on treatment [2]. As the
majority of patients are missed, identifying geographical
areas with a high incidence of disease and adopting active
case finding in such areas could help to reduce detection
gap among DR-TB patients.
TB depicts heterogeneous spatial patterns with local-

ized aggregation of cases due to either ongoing person-
to-person transmission [3] or reactivation of latent infec-
tion in a community sharing risk factor. Biological (mal-
nutrition, HIV infection, and age distribution) and social
determinants (poverty and behavioral risk factors) of TB

are aggregated in geographical areas and eventually can
lead to aggregation of TB patients in such areas. The
previous studies on geospatial patterns of MDR-TB in
Peru [4], Moldova [5], and Georgia [6] have shown
MDR-TB patients to be aggregated within geographical
areas. If the DR-TB is characterized by areas of concen-
trated risk rather than spatially uniform risk, intensitfied
control activities at areas with concentrated risk may be
efficient than adopting blanket approach for control of
the disease.
Though geospatial analysis, identifying areas with

the aggregation of TB patients, and focused TB
control activities in such areas may be theoretically
beneficial, such explorations are scarce. As a first
step, there is a need for assessing the geospatial
distribution of drug-resistant TB locally to detect
whether there is any geographical aggregation of DR-
TB patients using routine program data. However, the
inherent difficulties in geotagging the location of the
patient and technical challenges in handling such data
have limited the use of geospatial epidemiology in TB
control efforts. Hence, as a desk review, we explored
the possibility of geocoding the address of DR-TB
patients using Google Maps and constructing the
spatial heterogeneity maps. We geocoded all DR-TB
patients treated under the Revised National Tubercu-
losis Control Program (RNTCP) in three selected
districts of Karnataka from 2015 to 2018 to depict
the spatiotemporal pattern of these patients.

Methodology
Study design
It is a cross-sectional descriptive study using secondary
data collected routinely by the RNTCP of India.

Fig. 1 The map depicting the study districts and spot map of drug-resistant TB patients in the state of Karnataka, India
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Study setting
General setting
Karnataka is a southern state of India. The approximate
population of Karnataka is 66.8 million with a sex ratio
of 973 females to 1000 males [7]. The RNTCP was uni-
versalized in the state by 2002. In 2016, the state of Kar-
nataka had an annual TB notification rate of 123/100,
000 individuals. Of the total cases notified, 79% (47,145)
are new TB patients, and 29% (12,587) are previously
treated. During the same year, the state had notified
1099, of which, 925 initiated DR-TB treatment [8].

Specific setting

Study site The study was conducted in the DR-TB cen-
ter of Mangalore, Karnataka. The DR-TB center caters
to all the DR-TB patients diagnosed in three districts,
namely Dakshina Kannada, Chikmagalur, and Udupi
(Fig. 1). According to the 2011 census [9], Dakshina
Kannada district had a population of 2 million [10] and
Chikmagalur and Udupi districts had a population of 1.1
million each [11, 12]. The Revised National Tuberculosis
Control Program (RNTCP) has 21 tuberculosis units
(TUs) and 74 designated microscopy centers (DMCs)
providing TB diagnosis and treatment support.

Diagnosis of DR-TB
The Programmatic Management of Drug-Resistant TB
(PMDT) guideline was followed for the diagnosis and
treatment of DR-TB in the study site. From 2015 to
2017, the criteria-C was adopted for identifying pre-
sumptive MDR-TB patients [13]. All the presumptive
MDR-TB patients were offered both phenotypic (culture
and drug sensitivity) and molecular (Xpert MTB/RIF
assay) drug susceptibility testing (DST) for detecting
drug resistance to first-line drugs. From January 2018,
universal drug susceptibility testing (UDST) was imple-
mented in the study setting [8]. As per UDST, all the pa-
tients diagnosed with TB were provided upfront DST
using Xpert MTB/Rif assay [14].

DR-TB treatment initiation, follow-up, and treatment
outcomes
All the diagnosed DR-TB patients from the districts
included in the study were referred to the DR-TB cen-
ter at Mangalore for pretreatment evaluation and initi-
ation of treatment. The patients reaching the DR-TB
center were registered for care with a unique DR-TB
registration number. The socio-demographic and clin-
ical details, along with the address and phone number
of the patient, were recorded in the DR-TB register by
the staff nurse. Also, the PMDT treatment card was is-
sued for each patient and had the same details re-
corded in it.

Table 1 Socio-demographic and clinical characteristics of DR-TB
patients initiated on treatment under the national TB program in
three selected districts of Karnataka during 2015 to 2018, N = 507

Characteristics Frequency Percentage*

Age (in years)

0–14 2 0.3

15–24 51 10.0

25–34 123 24.2

35–44 116 22.8

45–54 110 21.6

55–64 64 12.6

≥ 65 36 7.1

Not recorded 5 0.9

Gender

Male 377 74.3

Female 129 25.4

Not recorded 1 0.1

District

Dakshina Kannada 283 55.8

Udupi 151 29.7

Chikamagalur 73 14.3

Year (total number of cases)

2015 85 16.7

2016 99 19.5

2017 114 22.4

2018 209 41.2

Type of TB

New 340 67.0

Retreatment after loss to follow-up 43 8.4

Retreatment after failure 55 10.8

Retreatment/relapse 69 13.6

DST used for diagnosis

CDST 30 5.9

Xpert MTB 260 51.2

LPA 216 42.6

Not recorded 1 0.1

HIV status

Positive 18 3.5

Negative 346 68.2

Unknown 4 0.7

Not recorded 139 27.4

ART status (N = 18)

On ART 17 94.4

Not on ART 1 5.6

Abbreviation: DR-TB drug-resistant tuberculosis, DST drug sensitivity testing,
CDST culture and drug susceptibility test, LPA line probe assay, MTB
Mycobacterium tuberculosis, Rif rifampicin, HIV human immunodeficiency virus
*Column percentage
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At the DR-TB center, the patients were hospitalized
for pretreatment evaluation and treatment initiation. All
DR-TB patients were prescribed drugs based on PMDT
guidelines. After initiating the therapy, patients were
monitored at the DR-TB center for 1 to 2 weeks. Once a
patient is stable and tolerating the second-line drugs,
then he/she was referred to the peripheral health insti-
tute (PHI) nearest to patient residence for further care
and monitoring with ambulatory DOTS-Plus treatment
at PHI. All the details of the treatment course in the
DR-TB center and referral details were updated in the
DR-TB treatment card and DR-TB register.

Diagnosis of DR-TB and treatment by private providers
The DR-TB patients diagnosed by private providers are
notified to RNTCP. As the treatment of DR-TB is com-
plicated, majority of the patients are referred to public
health facilities for treatment and eventually initiated
treatment at the DR-TB center. However, a few patients
might continue to be treated by private providers.

Study population
All DR-TB patients initiated on TB treatment from a
DR-TB center at Mangalore from January 2015 to De-
cember 2018 were included.

Data variables, sources of data, and data collection
Data on socio-demographic and clinical characteristics
and drug-resistant pattern like PMDT number, age,
gender (male/female/others), village/ward, taluk, dis-
trict, name of TU, name of PHI, DOTS provider, date
of DST, date of DST results, date of registration, type
of TB (new/treatment after loss to follow-up/treat-
ment after failure/recurrent/relapse), site of TB (pul-
monary/extra-pulmonary), type of DST used for
diagnosis (CDST/Xpert MTB/RIF assay), molecular
test results (not done/Mtb+/Rif+/Mtb+/Rif−/Mtb
−/MTB+ Rif indeterminate), type of DR-TB (RR-TB/

MDR-TB/XDR-TB), resistance to isoniazid (yes/no/
not available), resistance to ethambutol (yes/no/not
available), resistance to pyrazinamide (yes/no/not
available), resistance to streptomycin (yes/no/not
available), resistance to fluoroquinolones (yes/no/not
available), resistance to kanamycin (yes/no/not avail-
able), HIV status (yes/no/not available), ART status
(yes/no/not available/not applicable), weight at initi-
ation of treatment, tobacco use (yes/no/not available),
and alcohol use (yes/no/not available) were extracted
from DR-TB treatment card and DR-TB register
maintained at DR-TB center.

Geocoding
The geocode (latitude and longitude) of each patient was
obtained based on the registered address using Google
Earth pro version 7.3.2.5776 application. The village/
ward/street of the patient was used to geocode the ad-
dress [15–17]. The details like taluk, district, and PHI
were used to locate the village/ward/street on the geo-
spatial map. In case of non-availability of the village/
ward/street, the support was sought from Senior Treat-
ment Supervisor (STS) of the TU or PHI to which the
patient was referred for DOTS-Plus. If the village/ward/
street provided in the address is not found on Google
Maps, the nearest village as suggested by the STS or staff
of PHI was geocoded. The geocodes were noted in deci-
mal degrees format with a minimum of five digits after
the decimal point [18].

Data entry and analysis
Data were double entered and validated using EpiData
Entry software (EpiData Association, Odense, Denmark)
and analyzed using EpiData analysis (version 2.2.2.182,
EpiData Association, Odense, Denmark) and Stata ver-
sion 12.0 (STATA Corp., College, TX, USA). Socio-
demographic and clinical characteristics and drug-

Fig. 2 The trends in DR-TB patients notified from the selected districts of Karnataka during 2015 to 2018, N = 507
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resistant patterns were summarized using numbers and
percentages.
The QGIS version 2.18.15 (QGIS Developer team, Las

Palmas (2016)) was used to plot the drug-resistant TB
patients, and a map of geospatial distribution was con-
structed. The heat maps depicting spatial heterogeneity
[19] were constructed for the year 2015 to 2018. The
quadratic weight was used as a density measure [20],
and the heat maps [5, 20] were constructed with a buffer
radius appropriate to the layer units [21]. The heat map
constructed depicts the geographical aggregation of the
DR-TB patients but not the relatedness of the cases.
The grid maps were constructed with each grid of 25

km2. Within each grid, the number of DR-TB cases was

counted. Those cases with more than the expected num-
ber of DR-TB cases were colored red. The expected DR-
TB patients per grid were calculated with a population
density of 282 per square kilometer in three districts,
and the estimated number of TB patients per 25 km2 is
15 (considering estimated annual TB incidence of 210/1,
000,000 in the country) [14]. The expected number of
DR-TB is 1 per 25 km2 assuming the proportion of DR-
TB cases among TB patients to be 6%.

Results
In total, 507 DR-TB patients were notified and initiated
on treatment from 2015 to 2018 in the study districts.
The mean (SD) age of the study participants was 41.4

Fig. 3 The heat map of drug-resistant TB patients notified during 2015 to 2018 in three selected districts of Karnataka, South India
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(13.9), and 376 (74%) were males. Of the total, about
452 (89%) of the DR-TB patients were new TB patients.
The DR-TB patient characteristics included in the study
are shown in Table 1. During the study period, the num-
ber of DR-TB cases increased from 85 in the year 2015
to 209 in 2018. Figure 2 depicts the trends in notified
DR-TB patients across the study districts.
Figure 1 shows the spot map of DR-TB patients, and

Fig. 3 depicts the year-wise “heat maps” generated for
2015 to 2018. The red color in the “heat map” indicates
the area with the aggregation of DR-TB cases. The sum
of the area of aggregation in square kilometers was
113.6, 95.2, 131.4, and 205.7 during 2015, 2016, 2017,
and 2018, respectively. The number of rectangular grids
of 25 km2 with more than the expected DR-TB patients

(> 1) increased from 12 to 47 during the year 2015 to
2018 (Fig. 4).
Figure 5 and Table 2 show the geospatial and fre-

quency distribution of resistance patterns of DR-TB pa-
tients, respectively. About 38% and 12% of the DR-TB
patients had resistance to isoniazid and fluoroquino-
lones, respectively. The geospatial distribution did not
depict the localized aggregation of similar resistance pat-
tern. About 10 (2%) of the DR-TB patients had XDR-
TB.

Discussion
This is the first study from India assessing the spatio-
temporal trends of DR-TB patients using geocoded data
of individual patients. The study showed spatial

Fig. 4 Map depicting the grids (25 km2) with more than the expected number of DR-TB patients
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heterogeneity with an aggregation of DR-TB patients.
Over the years (2015–2018), there was an increase in the
number of DR-TB patients, the sum of the area of aggre-
gation of patients, and the number of grid units with
more than the expected DR-TB patients in the study dis-
tricts. About one in ten DR-TB patients had resistance
to fluoroquinolone.
There was an increase in the number of DR-TB pa-

tients in the study districts. The increasing trend was

noted in each of the study districts. The annual TB re-
ports have also reported an increase in notified DR-TB
patients from 2015 to 2017. The increase might be either
due to improved care delivery and adherence to proto-
cols for the detection of DR-TB or due to the uninter-
rupted transmission of DR-TB. The massive increase in
the number of DR-TB cases in 2018 could be due to
introduction of the universal DST (DST made available
for all TB patients). Improving the diagnostic services

Fig. 5 Spatial pattern of drug-resistant pattern of DR-TB patients notified during 2015 to 2018 in three selected districts of Karnataka, South India
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and making the services accessible might have increased
the number of notified DR-TB cases. The other potential
reasons for the increase in notification of DR-TB pa-
tients are imporved quality of DR-TB in public sector
and also the disinterest of private providers in treating
DR-TB patients within the private sector.
The previous studies in Peru [4] and Moldova [5]

have reported spatial aggregation of DR-TB patients.
Similar findings were seen in the current study. How-
ever, the study results are not comparable as the
methods used in generating the spatial heterogeneity
maps were different. The increase in the area of ag-
gregation suggests there was a creation of local foci,
which could be due to potential internal transmission.
None of the previous studies explored the spatiotem-
poral aggregation.
The study has a few strengths. First, geocoding was

done for all the notified cases during the study reference
period as all the addresses could be extracted and traced
back. Hence, there was no selection bias due to missing
information in routine programmatic records. Second,
the individual DR-TB patients were geocoded. This
limited the aggregation bias of constructing heat maps
using administrative boundaries and provided the

opportunity to construct the heat maps based on the oc-
currence of an event. Third, the sample size was good
for conducting spatial heterogeneity analysis and also
spatiotemporal analysis. Fourth, double data entry and
validation were used. This helped to limit the data entry
errors and improved quality of data, more so with vari-
ables like latitude and longitude with five digits after the
decimal point.
The study has a few limitations. First, the geocodes

were approximated to village/ward or street level and
thus failed to geotag the house of the patient. However,
the villages in this part of the country have a small area
[22] and therefore might not have led to gross impreci-
sion in marking the DR-TB patients [22]. Second, the
expected number of cases per 25 km2 was calculated
based on the estimated TB incidence rate for India and
averaging the population density in the three districts.
This might have reduced the internal validity of the
study findings. However, the incidence rate in the study
districts might be lower than that of the country esti-
mates, and thus, the expected number of DR-TB patients
is an overestimate. The population across the district is
not uniform, and there might be areas with a higher
population density with a relatively higher number of ex-
pected DR-TB patients leading to underestimation.
Thus, on the whole, the estimation of expected DR-TB
patients per 25 km2 might be close to a real-world sce-
nario. Third, there were no village- and ward-level sha-
pefiles, which might have helped us to calculate the rates
of occurrence of the DR-TB. Hence, we had to calculate
the expected number of DR-TB patients, which might be
inferior to rates. Fourth, the data series was available
only for 4 years and had extreme variation. This re-
stricted the use of time series analysis and prediction
models. Fifth, we might have missed the undetected and
not notified DR-TB patients. This could have limited the
validity of heat maps as the not notified and undetected
case might contribute to disease transmission but not
accounted for in the analysis. Sixth, the study might have
failed to capture the natural trend in the occurrence of
the DR-TB as there was a change in the diagnostic algo-
rithm, which could have influenced the case detection in
the year 2018.
Despite several limitations, the study has a few impli-

cations. First, over the years, there was an increase in
the number of cases and also in the area of aggregation
of cases. The RNTCP needs to explore the potential rea-
sons for this increase in DR-TB patients. If the program-
matic change of upfront DST has brought this change,
then this is a promising step in efforts towards control
of DR-TB in India. However, if the increase is due to the
transmission of the disease, then this is a cause for con-
cern. Second, the geocoding and generation of heat
maps provided insights on the aggregation of disease

Table 2 Drug sensitivity pattern of DR-TB patients initiated on
treatment under the national TB program in three selected
districts of Karnataka during 2015 to 2018, N = 507

Drug sensitivity test Frequency Percentage

Resistance to isoniazid

Yes 195 38.4

No 292 57.6

Not available 20 4.0

Resistance to ethambutol

Yes 2 0.3

No 485 95.6

Not available 20 4.0

Resistance to streptomycin

Yes 12 2.3

No 474 93.4

Not available 21 4.1

Resistance to fluoroquinolones

Yes 59 11.6

No 429 84.6

Not available 19 3.7

XDR-TB

Yes 10 1.9

No 476 93.8

Not evaluated 21 4.1

Abbreviation: DR-TB drug-resistant tuberculosis
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and the spread of disease to new areas over the years.
The program can train the data entry operators to geo-
code the villages of DR-TB patients and generate maps
to help in decision-making. Third, the utility of concen-
trated TB control efforts in areas with DR-TB aggrega-
tion on reducing the transmission and burden of DR-TB
needs to be explored. Fourth, on moving towards the
elimination of TB, there is a need for developing the
geospatial monitoring indicators like “number of TB or
DR-TB case per square kilometer” area and prioritize
areas with high number of cases for intensified TB con-
trol activities.

Conclusions
The increase in the number of DR-TB patients, area of
aggregation, and grids with more than the expected
count is a cause for concern. The NTP can use routine
programmatic data to develop maps to generate local
foci for targeted TB control activities.
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