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ABSTRACT
Objective This study aimed to investigate the spatial 
distribution of drug- resistant tuberculosis (DR- TB) in 
Hunan province, China.
Methods An ecological study was conducted using DR- 
TB data collected from the Tuberculosis Control Institute 
of Hunan Province between 2012 and 2018. Spatial 
clustering of DR- TB was explored using the Getis- Ord 
statistic. A Poisson regression model was fitted with 
a conditional autoregressive prior structure, and with 
posterior parameters estimated using a Bayesian Markov 
chain Monte Carlo simulation, to quantify associations with 
possible risk factors and identify clusters of high DR- TB 
risk.
Results A total of 2649 DR- TB patients were reported 
to Hunan TB Control Institute between 2012 and 2018. 
The majority of the patients were male (74.8%, n=1983) 
and had a history of TB treatment (88.53%, n=2345). 
The proportion of extensively DR- TB among all DR- TB 
was 3.3% (95% CI 2.7% to 4.1%), which increased from 
2.8% in 2012 to 4.4% in 2018. Of 1287 DR- TB patients 
with registered treatment outcomes, 434 (33.8%) were 
cured, 198 (15.3%) completed treatment, 92 (7.1%) died, 
108 (8.3%) had treatment failure and 455 (35.3%) were 
lost to follow- up. Half (50.9%, n=655) had poor treatment 
outcomes. The annual cumulative incidence rate of notified 
DR- TB increased over time from 0.25 per 100 000 people 
in 2012 to 0.83 per 100 000 people in 2018. Substantial 
spatial heterogeneity was observed, and hotspots were 
detected in counties located in the North and East parts of 
Hunan province. The cumulative incidence of notified DR- 
TB was significantly associated with urban communities.
Conclusion The annual incidence of notified DR- TB 
increased over time in Hunan province. Spatial clustering 
of DR- TB was detected and significantly associated 
with urbanisation. This finding suggests that targeting 
interventions to the highest risk areas and population 
groups would be effective in reducing the burden and 
ongoing transmission of DR- TB.

INTRODUCTION
Tuberculosis (TB) remains a significant 
global public health problem that kills 
more than one million people every year 
and over two billion people during the last 
two centuries.1 2 In 2018, one- third of the 
world’s population were estimated to have 

latent TB infection, and approximately 10 
million people developed TB disease.1 The 
United Nations (UN) Sustainable Develop-
ment Goals and the WHO’s End TB Strategy 
have a common target of ending the global 
TB epidemic by 2030.3 4 However, the emer-
gence of multidrug- resistant tuberculosis 
(MDR- TB), defined as TB that is resistant to 
at least isoniazid and rifampicin, has become 
a major obstacle to achieve these ambitious 
targets. Globally, approximately 3.4% of new 
TB cases and 18% of previously treated cases 
have MDR- TB or rifampicin- resistant TB 
(MDR/RR- TB).1 About half a million new 
cases of MDR/RR- TB were estimated to occur 
in 2018.1

China has the second- largest global burden 
of DR- TB (after India), accounting for 14% of 
the global TB burden.1 The country is striving 
to reduce the magnitude of this burden in 
line with the targets of the global End- TB 
Strategy and the national TB strategic plan.4 
DR- TB in China is unevenly distributed by 
geographic area and population subgroup, 
with a higher incidence reported among 
males, minority ethnic groups, those living 
in poverty and people with chronic medical 

Strengths and limitations of this study

 ► To the best of our knowledge, this is the first study 
to explore the spatial clustering of drug- resistant tu-
berculosis (DR- TB) in Hunan province, China.

 ► Using 6- year surveillance data, this study produced 
maps showing the counties where DR- TB were clus-
tered, important information to design targeted in-
terventions for the prevention and control of TB and 
DR- TB.

 ► The association between potential risk factors and 
spatial clustering of DR- TB were quantified using 
model- based geostatistics with a Bayesian Markov 
chain Monte Carlo simulation.

 ► The ecological study design did not allow us to de-
termine causation or directionality of association be-
tween DR- TB and county- level characteristics.
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conditions such as HIV and diabetes mellitus.5 6 The iden-
tification of potential risk factors and hotspot areas where 
TB is concentrated should allow policy makers to imple-
ment targeted interventions aimed at DR- TB prevention 
and management. This might be particularly important 
in high DR- TB burden countries such as China as the 
epidemic is concentrated in certain areas. However, the 
spatial distribution of DR- TB has not been studied in 
some provinces of China, including in Hunan province.

Hunan is one of the provinces in China with a high 
burden of DR- TB.7 The proportions of DR- TB among 
all patients with TB and previously treated patients 
with TB in Hunan were 10.5% and 28.8%, respectively.8 
Our previous studies showed that successful treatment 
outcomes for DR- TB patients in Hunan Province are low 
at 57%, suggesting that additional efforts are needed 
to control and prevent the disease.9 10 To inform these 
efforts, the distribution of DR- TB in terms of place and 
time as well as the drivers of transmission should be inves-
tigated and documented. This study explored the spatial 
distribution of DR- TB and identified the areas where 
DR- TB is concentrated in Hunan province. The study 
aims to provide additional evidence for policy- makers 
that can help develop targeted interventions to reduce 
the burden of DR- TB in the province.

METHODS
Study area
This study was conducted in Hunan province, 1 of the 
22 provinces in China, located in South Central China 
along the middle reaches of the Yangtze River. Hunan is 
the seventh largest province in China with a total popula-
tion of approximately 72 million people and with a total 
area of 211 800 square kilometres.11 Hunan province is 
administratively divided into fourteen prefecture- level 
divisions (13 prefecture- level cities and one autonomous 
prefecture); and further subdivided into 122 county- level 
divisions (35 districts, 17 county- level cities, 63 counties, 
7 autonomous counties). Those are in turn divided into 
2587 township- level divisions (1098 towns, 1158 town-
ships, 98 ethnic townships, 225 subdistricts and 8 district 
public offices).

DR-TB diagnosis and treatment in Hunan province
DR- TB diagnosis and treatment regimen in Hunan Prov-
ince has been described detailly elsewhere.9 Briefly, of 
the 131 counties in Hunan province, 32 counties are 
able to provide comprehensive diagnostic services, which 
include culture. However, drug susceptibility testing 
(DST) is mainly carried out in the Hunan Chest Hospital. 
Thus, sputum specimens from all culture- positive TB 
patients from throughout the province are referred to the 
Hunan Chest Hospital for DST. In the hospital, pheno-
typic DST based on solid and liquid culture techniques, 
and molecular methods using line probe assays as well as 
Xpert MTB/RIF are performed. Patients with confirmed 
DR- TB are admitted to the MDR- TB treatment centre at 

the Hunan Chest Hospital for treatment and manage-
ment. Patients were treated with an individualised treat-
ment regimen based on their DST results and history of 
previous TB treatment. The regimen at the time of this 
study includes an injectable agent, a fluoroquinolone, 
para- aminosalicylic acid, prothionamide, pyrazinamide, 
clarithromycin, ethambutol or cycloserine. The duration 
of treatment was 24 months for patients with MDR- TB 
and 30 months for patients with extensively DR- TB. 
The injectable drugs were used for a minimum of 6 
months for MDR- TB patients and 12 months for XDR- TB 
patients. Patients were admitted to the hospital for 1–2 
months during the intensive phase. During this time, 
patients received psychological support and counselling 
from hospital nurses. When the patients are medically fit, 
they were treated as outpatients. They received support 
from trained family members or from trained supervisors 
in the community and returned to the hospital once a 
month for a drug refill until the end of treatment.

Study design and data sources
The study was conducted at the county level, using an 
ecological study design. DR- TB data were obtained from 
the internet- based TB management information system 
managed by the Hunan Tuberculosis Control Institute. 
The study included information from patients with 
RR- TB, MDR- TB and XDR- TB that were reported to the 
Hunan Tuberculosis Control Institute, during the period 
2012–2018, as part of routine TB reporting. Population 
estimates were obtained from the Hunan Bureau of Statis-
tics. A wide range of socioeconomic, environmental, and 
healthcare access data were also obtained from Hunan 
Bureau of Statistics website to be used as possible covari-
ates. The TB data obtained from the Hunan Tuberculosis 
Control Institute were aggregated at the county level and 
were linked with the possible covariates using ArcGIS 
Geographical Information System software (ESRI, 
Redlands, CA).12

Data analysis
The overall crude incidence rate of notified DR- TB was 
calculated by taking the total number of DR- TB cases 
reported during the study period as the numerator and 
the mid- point total population during the same time 
period as the denominator. The standardised morbidity 
ratio (SMR) was then calculated for each county using the 
formula: Yi = [Oi/Ei]; where Yi is the SMR in the county, O 
is the observed number of DR- TB cases in the county and 
E is the expected number of DR- TB cases in the county 
across the study period. The expected number of DR- TB 
cases for each county was calculated by multiplying the 
mid- point population of each county by the overall crude 
DR- TB incidence rate for the study area and period.

Spatial analysis
Spatial autocorrelation was explored using Moran’s 
I statistic and the Getis- Ord statistic. The Moran’s I 
statistic was used to assess the presence, strength and 
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direction of spatial autocorrelation over the whole study 
area and to test the assumption of spatial independence 
in the implementation of the spatial pattern analysis. 
The spatial clustering analysis using Getis- Ord Gi* 
statistic identified hotspot counties where DR- TB were 
clustered—targeted interventions might be important 
to reduce the burden of the disease in these hotspot 
counties. These analyses were conducted using tools 
provided in ArcGIS.12

In conducting a multivariable Bayesian spatial anal-
ysis, we assumed that the number of people with DR- TB 
at the county level followed a Poisson distribution. An 
initial bivariate analysis was conducted and variables with 
p<0.2 were selected for the multivariable Bayesian spatial 
model. We constructed three different models using 
WinBUGS V.1.4.3 software (Medical Research Council 
Biostatistics Unit, Cambridge, UK). All variables selected 
from the bivariate analysis were incorporated as fixed 
effects in all three models. In the first model (model I), 
unstructured random effects were added. The assump-
tions were that: (1) the number of DR- TB cases in a 
county was independent of the number of DR- TB cases 
in other counties in the province, after accounting for 
the covariates and (2) the variance of random effects was 
homogeneous across the study area. To handle possible 
spatial dependency of cases and the violation of homo-
geneity of variance within each county due to the spatial 
nature of the data, a second model (model II) containing 
spatially structured random effects was constructed. 
These random effects used a Bayesian smoothing condi-
tional autoregressive (CAR) structure.13 Finally, a third 
model (model III) containing the covariates and both 
the unstructured and spatially structured random effects, 
was constructed as follows:

 Yi ∼ Poisson(µi)  

Table 1 Sociodemographic and clinical characteristics of 
patients with drug- resistant tuberculosis in Hunan province, 
2012–2018

Variables No (%)

Sex

  Male 1983 (74.86)

  Female 666 (25.14)

Mean age (years) 46.54 (SD +15.16)

Management organisation

  CDC 2263 (88.09)

  TB hospital 306 (11.91)

Notification year

  2012 177 (6.68)

  2013 221 (8.34)

  2014 352 (13.29)

  2015 375 (14.16)

  2016 511 (19.29)

  2017 406 (15.33)

  2018 607 (22.91)

  Month of TB registration

  January–April 506 (19.10)

  May–August 914 (34.50)

  September–December 1229 (46.40)

Occupation

  Farmer 1883 (71.08)

  Government employee 76 (2.87)

  Non- government employee 150 (5.66)

  Labourer 74 (2.79)

  Retired 108 (4.08)

  Student 65 (2.45)

  Unknown 113 (4.27)

  Others 180 (6.8)

Type of DR- TB

  RR- TB 121 (4.57)

  MDR- TB 2439 (92.07)

  XDR- TB 89 (3.36)

History of TB treatment

  First- line treatment history 1371 (51.76)

  Second- line treatment history 974 (36.77)

  No TB treatment history 304 (11.48)

Mode of treatment

  Ambulatory 116 (4.38)

  Hospitalisation 1760 (66.44)

  Not registered 773 (29.18)

Drug sources

  GLC 468 (17.67)

  China 1111 (41.94)

Continued

Variables No (%)

  Both 178 (6.72)

  Not registered 892 (33.67)

Treatment outcomes

  Completed treatment 198 (7.47)

  Cure 434 (16.38)

  Failure 108 (4.08)

  Lost to follow- up 455 (17.18)

  death 92 (3.47)

  Unknown 25 (0.94)

  Still on treatment 1337 (50)

.CDC, The Centres for Disease Control and Prevention; DR- TB, 
drug- resistant tuberculosis; GLC, green light committee; MDR- 
TB, multidrug- resistant tuberculosis; RR- TB, rifampicin resistant 
tuberculosis; TB, tuberculosis; XDR- TB, extensively drug- resistant 
tuberculosis.

Table 1 Continued
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where Yi, the observed number of DR- TB cases in county 
i, was assumed to follow a Poisson distribution with mean 
µi; and the log of the mean was modelled as:

 
log(µi) = log(Ei + α +

k∑
k=1

βk × Xk + Ui + Vi)
  

where Ei is the expected number of DR- TB cases in 
county i, α is the intercept, βk is the coefficient for covar-
iate Xk (where K  is the number of covariates),  Ui  are the 
unstructured random effects and Vi are the spatially struc-
tured random effects.

The spatially structured random effects (Vi) were 
computed using a CAR structure by including an adja-
cency matrix to determine the spatial relationships 
between each pair of counties. The adjacency matrix 
for each county was generated using ArcGIS. A weight 
of 1 was given if two counties were neighbouring and 
a weight of 0 was given if two counties were not neigh-
bouring. Two counties were considered to be neigh-
bouring if they shared the same edges or corners (ie, 
queen contiguity). Prior probability distributions for the 
coefficients (β),  Ui and Vi  were assumed to have normal 
distributions with a mean=0 and a precision (ie, inverse of 
variance)=1 x 10–6. For the intercept (α) a flat prior distri-
bution was used (ie, a non- informative, improper prior 
with bounds –∞ and +∞). The prior for the precision of 
the unstructured and spatially structured random effects 
was assigned a non- informative gamma distribution with 
shape and scale parameters=0.001. The posterior distri-
bution of the parameters was estimated from the prior 
and data likelihood information using a Bayesian Markov 
Chain Monte Carlo simulation approach with Gibbs 
sampling employed by WinBUGS. The models were run 
for 100 000 iterations and convergence was successfully 
achieved after 80 000 iterations for each of the models. 
Convergence of the model was checked by visual inspec-
tion of posterior kernel densities and history plots, and 
the posterior distribution of each parameter was stored 
for summary measures such as the posterior mean, SD 
and the 95% credible interval (CrI). The deviance infor-
mation criterion (DIC) was also stored for model selec-
tion, where a lower DIC value was used to indicate the 
best- fitting, most parsimonious model. Choropleth maps 
of the raw data and model random effects were created 
using the ArcGIS software to show the spatial clustering 
of DR- TB in Hunan province before and after accounting 
for the covariates and to indicate hotspot areas for 
targeted interventions. Since the covariates have different 
units and scales of measurement, we standardised all the 
variables to a z- scale on the basis of their mean and SD but 
converted the relative risks back to the original scale for 
presentation of the results.

Patient and public involvement
No patients or public were involved in this research.

RESULTS
Demographic characteristics of DR-TB
A total of 323,340 TB cases were reported to Hunan TB 
Control Institute from 104 counties between 2013 and 
2018. Off these, 2676 cases were DR- TB and included in 
the analysis. Twenty- seven DR- TB cases were from other 
provinces and were therefore excluded from the study. 

Figure 1 Annual incidence of notified drug- resistant 
tuberculosis (DR- TB) per 100 000 population in Hunan 
Province, China, from 2012 to 2018.

Figure 2 Spatial distribution of drug- resistant tuberculosis 
(DR- TB) standardised morbidity ratios (SMR) by County in 
Hunan Province, 2012–2018.
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Of the 2649 included DR- TB patients, 1983 (74.8%) were 
male and 1883 (71.0%) were farmers by occupation. The 
mean age of patients was 46.5 years (SD ±15.16, range 
10–90 years). The largest number of cases was reported 
between September and December in every year, which 
accounted for 46.4% (n=1229) of the cases over the study 
period. Table 1 summarises the demographic and clinical 
characteristics of patients with DR- TB in Hunan province.

Clinical characteristics of DR-TB
The majority of DR- TB patients (88.5%, n=2345) had a 
history of first- line or second- line TB treatment and 11.4% 
(n=304) were new cases of DR- TB. The number of new 
DR- TB cases increased from 15 cases in 2012 to 114 cases 
in 2018, and over two- thirds of all the cases (37.5%) were 
reported in 2018. The proportion of XDR- TB among all 
DR- TB was 3.3% (n=89) (95% CI 2.7% to 4.1%) overall, 
and increased from 2.8% in 2012 to 4.4% in 2018. The 
mean age of patients with XDR- TB was higher at 49.5 
years (SD ±15.4 years) than the mean age of patients with 
MDR- TB at 46.2 years (SD +15.1 years) (p=0.05). Half 
(50.0%; n=1337) of the patients were taking treatment at 
the time of this study; treatment outcomes were not regis-
tered for 25 patients (0.95%). Of 1287 DR- TB patients 

with registered treatment outcomes, 434 (33.8%) were 
cured, 198 (15.3%) completed treatment, 92 (7.1%) 
died, 108 (8.3%) had treatment failure and 455 (35.3%) 
were lost to follow- up. Half (50.9% n=655) of the patients 
had poor treatment outcomes.

Incidence rate of notified DR-TB
The 6- year incidence rate of notified DR- TB in Hunan 
province was 3.9 per 100 000 population. The overall 
drug- resistant testing coverage in Hunan Province has 
increased from 0.4% in 2013 to 1.3% in 2018 (online 
supplemental figure S1). Similarly, the annual incidence 
rate of notified DR- TB increased significantly over time 
from 0.25 per 100 000 population in 2012 to 0.83 per 100 
000 population in 2018 (p=0.002) (figure 1). The highest 
SMR) and incidence of notified DR- TB over the 6- year 
period were reported in Huarong county (12.6 per 100 
000 population) and Hengshan county (11.0 per 100 000 
population) (figure 2). The incidence rate of notified 
DR- TB at prefecture level is presented in online supple-
mental figure S2.

Spatial clustering of DR-TB
Substantial spatial heterogeneity in DR- TB was observed, 
based on our clustering analyses. Using the Getis–Ord 
G statistic, 12 counties were identified as hotspots for 
DR- TB in Hunan province and 8 counties were cold spots 
(figure 3). The hotspot counties were in the north and 
east parts of Hunan province, while the cold spot coun-
ties were located in the south and west of the province. 
Anselin Local Moran’s I statistic showed high- high and 
low- low clustering of DR- TB at county- level in Hunan 
province (online supplemental figure S3). Important 
changes in the spatial clustering of notified DR- TB was 
observed overtime in Hunan province (online supple-
mental figure S4).

Ecological-level factors associated with spatial clustering of 
DR-TB
Based on the lower DIC value identified from the multi-
variate Bayesian regression models, the model which 
contained the spatially structured random effect only 
(model II) was the best fit. The best- fitting model indicated 
that the incidence rate of notified DR- TB was significantly 
associated with urban communities (ie, percentage of 
urban residence in the counties (%)) (RR: 1.02; 95%CrI: 
1.01 to 1.20). Several ecological level factors such as sex, 
residence, gross domestic product and the mortality rate 
as well as healthcare access variables such as the number 
of health institutions (ie, hospitals and clinics) and 
number of medical personnel, and climatic variables such 
as monthly average temperature, annual precipitation 
and annual mean sunshine hours in a county were not 
significantly associated with the incidence rate of notified 
DR- TB in Hunan province (table 2). After accounting for 
the ecological- level factors in the model, the posterior 
mean of spatially structured random effects was found 
to be clustered in the province (figure 4). This indicates 

Figure 3 Spatial clustering of drug- resistant tuberculosis 
(DR- TB) incidence in Hunan province, 2012–2018, based on 
the Getis- Ord Gi* statistic.

https://dx.doi.org/10.1136/bmjopen-2020-043685
https://dx.doi.org/10.1136/bmjopen-2020-043685
https://dx.doi.org/10.1136/bmjopen-2020-043685
https://dx.doi.org/10.1136/bmjopen-2020-043685
https://dx.doi.org/10.1136/bmjopen-2020-043685
https://dx.doi.org/10.1136/bmjopen-2020-043685
https://dx.doi.org/10.1136/bmjopen-2020-043685
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that a substantial amount of county level heterogeneity 
in DR- TB remained unexplained by the ecological level 
factors included in our models. Geographical distribution 
of healthcare access variables such as number of health 
institutions (online supplemental figure S5), number 
of beds (online supplemental figure S6) and number of 
medical personnel (online supplemental figure S7) are 
presented in online supplemental file 1.

DISCUSSION
Our study detected spatial clustering in the incidence 
of notified DR- TB in Hunan Province, China. Counties 
located in the north and west part of Hunan province 
had high incidence of notified DR- TB. Previous studies 
conducted in South Africa,14–17 Moldova18 and Ethiopia19 
as well as studies conducted in other parts of China20 21 
have also showed spatial clustering of DR- TB at the subna-
tional level. The substantial heterogenicity in DR- TB 
indicates an imperative for more regular surveillance to 
detect emerging and existing hotspots for targeted inter-
ventions to prevent DR- TB, especially in settings where 
there are limited resources. Understanding the spatial 
distribution of DR- TB and identifying areas with the 

highest incidence of notified DR- TB is a first step towards 
reducing the burden of DR- TB.22

Our study also showed that the annual incidence of 
notified DR- TB in Hunan province steadily increased 
over time, from 0.25 per 100 000 population in 2012 to 
0.83 per 100 000 population in 2018. There could be two 
reasons for this finding. The first reason could be due to 
a real increase in numbers of patients with DR- TB in the 
province as a result of local transmission of drug- resistant 
strains (ie, primary DR- TB) or due to the development 
of drug- resistant strains during a course of first- line TB 
treatment (ie, acquired or secondary DR- TB). Since 
the number of patients who were lost to follow- up in 
Hunan province was high at 35% in this study and 27% 
in a previous study,9 the risk of primary transmission of 
DR- TB in the community as well as the development 
of acquired DR- TB is high. Whole genome sequencing 
would be important to investigate this and to identify 
the main sources of DR- TB transmission in the prov-
ince. The second reason could be due to improved diag-
nostic services and the introduction of rapid molecular 
diagnostic methods such as line probe assays and Xpert 
MTB/RIF. The impact of new molecular diagnostic test 

Table 2 A multivariate Bayesian poisson regression model with spatially structured and spatially unstructured random effects 
for DR- TB in Hunan province, China, 2012–2018

Variables

Spatially unstructured 
model

Spatially structured 
model

Both spatially 
structured and 
unstructured model

(RR (95%CrI) (RR (95%CrI) (RR (95%CrI)

Socioeconomic and demographic factors

  Proportion of male in a county 0.96 (0.87 to 1.07) 0.93 (0.82 to 1.07) 0.96 (0.86 to 1.08)

  Percentage of urban residence in the counties 1.09 (1.08 to 1.30) 1.02 (1.01 to 1.20) 1.04 (1.02 to 1.25)

GDP of the county (10 000 yuan per person per year)* 1.01 (0.87 to 1.17) 1.00 (0.87 to 1.15) 1.01 (0.88 to 1.17)

Annual birth rate in the county (%) 0.97 (0.85 to 1.12) 1.00 (0.85 to 1.17) 0.98 (0.85 to 1.15)

  Annual death rate in the county (%) 1.01 (0.84 to 1.20) 1.04 (0.88 to 1.23) 1.02 (0.85 to 1.22)

Healthcare access

  Contraceptive use rate of the county (%) 0.93 (0.82 to 1.05) 0.97 (0.84 to 1.11) 0.94 (0.83 to 1.08)

  No of institutions per 10 000 population in a county 1.01 (0.86 to 1.19) 0.94 (0.80 to 1.09) 0.98 (0.83 to 1.16)

  No of medical personnel per 10 000 population in 
county

0.89 (0.75 to 1.05) 0.94 (0.80 to 1.09) 0.91 (0.77 to 1.08)

Climatic factors

  Monthly average temperature (°C) 1.13 (1.00 to 1.28) 1.00 (0.85 to 1.18) 1.08 (0.92 to 1.24)

  Annual total precipitation (mm) 0.99 (0.85 to 1.14) 1.08 (0.88 to 1.33) 1.01 (0.85 to 1.23)

  Monthly sunshine hours (kJ/m2/day) 1.15 (1.00 to 1.32) 1.02 (0.80 to 1.26) 1.11 (0.90 to 1.32)

Heterogenicity

  Variance of spatially unstructured random effect (σ2) 4.56 (3.05 to 6.73) 6.21 (3.47 to 72.77)

  Variance of spatial structured random effect (σ2) 1.10 (0.73 to 1.64) 6.39 (1.11 to 729.60)

  Intercept (alpha) −0.14 (−0.25 to −0.03) −0.12 (−0.19 to −0.06) −0.13 (−0.23 to −0.04)

  DIC 689.9 498.1 603.2

*GDP (¥10 000 per person per year; ¥1=US$0.15).
CrI, credible interval; DIC, deviance information criterion; GDP, gross domestic product.

https://dx.doi.org/10.1136/bmjopen-2020-043685
https://dx.doi.org/10.1136/bmjopen-2020-043685
https://dx.doi.org/10.1136/bmjopen-2020-043685
https://dx.doi.org/10.1136/bmjopen-2020-043685
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on DR- TB incidence and reasons for increasing DR- TB in 
the province require further investigation.

This study also found that the incidence of notified 
DR- TB was significantly associated with residence in 
urban counties. Similarly, previous studies conducted in 
Ethiopia have reported that urban residence is associ-
ated with TB and DR- TB incidence.19 23 However, unlike 
previous studies, several socioeconomic, demographic 
and climatic factors were not associated with clustering of 
DR- TB in Hunan province, and after accounting for these 
variables in the model, the spatial clustering of DR- TB 
remained. Our study included only one province, where 
ecological level variables such as climatic and economic 
factors could be relatively homogeneous and may not 
explain the local variation of the disease. Additionally, 
our model did not include other important covariates 
such as levels of HIV infection, diabetes, poverty and 
smoking that might better explain spatial variation, as 
these variables were not available in our dataset. A larger 
nationwide study might be required to fully understand 
the impacts of ecological- level factors on the spatial clus-
tering of DR- TB in China.

Using routinely collected surveillance data from the 
provincial TB Programme, we produced maps showing 
the counties where DR- TB were clustered. These may 
help Provincial authorities to design strategies and target 
interventions for the prevention and control of TB and 
DR- TB. However, the study used secondary data available 
from the Hunan TB Control Institute, which may not 
reveal the true burden of the disease in the community 
because in some counties with high DR- TB, only those 
cases that are at highest risk of having DR- TB may receive 
a DST. Future studies should incorporate national TB and 
DR- TB survey, as well as whole genome sequencing data 
to better identify geographical areas at increased risk of 
DR- TB.

Conclusion
In this study, we found that the annual incidence rate 
of notified DR- TB increased over time and spatial clus-
tering of DR- TB was detected in the North and East parts 
of Hunan province. This finding suggested that targeting 
interventions to highest risk areas and population groups 
would help to reduce the burden and to prevent the 
ongoing transmission of DR- TB.
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