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Purpose: Pulmonary tuberculosis (PTB) is a severe chronic communicable disease that causes a heavy disease burden in China.
Human Immunodeficiency Virus (HIV) and PTB coinfection dramatically increases the risk of death. This study analyzes the
spatiotemporal dynamics of HIV, PTB and HIV-PTB coinfection in Jiangsu Province, China, and explores the impact of socio-
economic determinants.

Patients and Methods: The data on all notified HIV, PTB and HIV-PTB coinfection cases were extracted from Jiangsu Provincial
Center for Disease Control and Prevention. We applied the seasonal index to identify high-risk periods of the disease. Time trend,
spatial autocorrelation and SaTScan were used to analyze temporal trends, hotspots and spatiotemporal clusters of diseases. The
Bayesian space-time model was conducted to examine the socioeconomic determinants.

Results: The case notification rate (CNR) of PTB decreased from 2011 to 2019 in Jiangsu Province, but the CNR of HIV and HIV-
PTB coinfection had an upward trend. The seasonal index of PTB was the highest in March, and its hotspots were mainly distributed in
the central and northern parts, such as Xuzhou, Suqgian, Lianyungang and Taizhou. HIV had the highest seasonal index in July and
HIV-PTB coinfection had the highest seasonal index in June, with their hotspots mainly distributed in southern Jiangsu, involving
Nanjing, Suzhou, Wuxi and Changzhou. The Bayesian space-time interaction model showed that socioeconomic factor and population
density were negatively correlated with the CNR of PTB, and positively associated with the CNR of HIV and HIV-PTB coinfection.
Conclusion: The spatial heterogeneity and spatiotemporal clusters of PTB, HIV and HIV-PTB coinfection are exhibited obviously in
Jiangsu. More comprehensive interventions should be applied to target TB in the northern part. While in southern Jiangsu, where the
economic level is well-developed and the population density is high, we should strengthen the prevention and control of HIV and HIV-
PTB coinfection.
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Introduction

Infectious disease is an important contributor to the global burden of death and disability. Tuberculosis (TB), a chronic
contagious disease mainly caused by Mycobacterium tuberculosis (M.tb) infection, is getting ahead of infectious
diseases worldwide, leading to high morbidity and mortality in low and middle-income countries.'* The World Health
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Organization (WHO) reported that the estimated incidence of TB in China was 59/100,000, accounting for 8.5% of
global cases, ranking second among the 30 countries with a high TB burden.® Specifically, China faces many
challenges in the prevention of TB, including a high TB resistance rate, TB infection rate, and coinfection with
HIV is also prevalent.* The target of reducing TB incidence by 90% and mortality by 95% by 2035 will remain
elusive.’

Due to its strong infectivity, pulmonary tuberculosis (PTB) endangers the health of others and social stability.’
Previous studies have demonstrated some factors associated with PTB,%’ including economic levels, access to health
care, air pollutants, overcrowding, and PTB existed heterogeneity in the spatial and temporal distribution.*'* A study
conducted in mainland China showed that the risk of PTB was significantly higher in western areas than in eastern and
central regions. It may be attributed to the different economic levels, health service systems, and facilities in different
areas.'' Chen et al reported that the high-risk areas of TB were distributed in the southeast and northeast of Chongging,
China, which might be related to the more aging and empty-nesting population and lower economic levels.'? The
Human Immunodeficiency Virus/Acquired Immunodeficiency Syndrome (HIV/AIDS) epidemic affects the transmis-
sion dynamic of TB."® There is a strong synergy between HIV and TB infection. TB is a common opportunistic
infection and a significant cause of death among people living with HIV (PLHIV). HIV/AIDS may further worsen the
situation by enhancing the risk of latent TB activation and recurrence after TB infection.'* '® The WHO estimated
there would be 1.5 million new HIV infections globally in 2021."7 The prevalence rate of HIV infection in China is
relatively low compared with those in other countries, but the distribution of HIV is unbalanced.'® The factors
affecting the spatial and temporal distribution of HIV are also diverse. Frequent cross-border exchanges, drug abuse,
and low educational and economic levels contributed to the HIV/AIDS epidemic in western and southwestern China.'’
However, sociodemographic indicators such as per capita gross domestic product (PGDP), population density, and
health facilities were positively correlated with HIV/AIDS among men who have sex with men (MSM) in China.*°
Spatial analysis in Sichuan Province showed that hot spots were mainly clustered in central Sichuan in 2018 but
gradually spread to southwest and northwest in 2019-2020; the high population density and convenient transportation
promoted the HIV transmission.”” It can be seen that the influencing factors of HIV and TB are different, and their
spatial and temporal distribution characteristics may be diverse.

Regarding PTB control operations, spatial distribution is critical in determining the efficacy of national TB control
programs, particularly in economically less-developed regions.”’ Thus, a better understanding of the spatiotemporal
epidemiology of diseases and the implementation of specific interventions in areas with a high disease burden can
effectively prevent and control the infection. Geographical information systems (GIS) can identify spatiotemporal disease
patterns.”>** GIS enables the visualization of infectious diseases and explores disease hotspots through spatiotemporal
analyses. Scholars revealed that active TB cases in hotspots cause 2.6 times as many secondary infections as similar
cases in the general community.”’ Therefore, it is of significance to prioritize resource allocation by identifying hotspots
with a high disease burden in China.

Most previous studies have focused on the single infection of PTB or HIV/AIDS,**!*2* but a survey in 10 provinces
and cities in China showed that nearly a third of newly diagnosed HIV/AIDS patients suffered from TB.? Virological
failure tends to occur in PLHIV infected with TB, leading to high TB-related mortality in PLHIV.?*2® A survey
conducted in Kenya showed that the proportion of HIV-TB coinfection ranged from 26.3% to 36.3% among new TB
cases.”? Alene et al reported that the overall prevalence of HIV infection among TB patients was 7.4% in Ethiopia, and
they found that the spatial heterogeneity in TB prevalence among HIV patients was significantly associated with
socioeconomic factors such as low adult literacy, low wealth index, and proximity to international borders.>® More
than 60% of HIV-TB coinfection cases have PTB and the other 25% are diagnosed with concomitant pulmonary and
extrapulmonary TB.?! There were few studies on the characteristics of spatiotemporal change and influencing factors of
HIV-PTB coinfection in China. Thus, with the help of ecological research and the Bayesian space-time model, our study
aimed to explore the spatiotemporal distribution characteristics of PTB, HIV and HIV-PTB coinfection and examine the
role of socioeconomic factors on case notification rate (CNR) in Jiangsu.
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Materials and Methods
Study Site

The study was conducted in Jiangsu Province, China, with a total area of 107,200 km?. It locates on the coast of mainland
China between latitudes 30°45’ to 35° 08’N and longitudes 116°21° to 121°56’E (Figure S1). The province is comprised
of 13 prefecture-level cities and 95 counties, which can be grouped into three macroregions (South, Central and North).

Data Sources

We collected data on notified cases of PTB, HIV and HIV-PTB coinfection in 95 counties of Jiangsu Province from 2011
to 2019 from the Jiangsu Provincial Center for Disease Control and Prevention. Data was downloaded according to the
conditions of the onset date, current address, and audited status. Population density, PGDP, per capita disposable income
(PCDI), the number of health technicians (per 1000 people), and the number of beds in health institutions (per 1000
people) were extracted online from the Jiangsu Provincial Statistics Bureau (http://stats.jiangsu.gov.cn/). The vector map

files were obtained from the Resource and Environment Science and Data Center.

Case Definition

PTB was diagnosed following the national standard of WS 288-2017, where it was described as bacteriologically verified
or clinically diagnosed TB derived from lung parenchyma or the tracheobronchial tree.” The diagnosis of HIV infection
referred to the national standard of WS 293-2019, a positive HIV-1/2 antibody test, or a positive etiological test. HIV-
PTB coinfection was defined as a person who has both HIV infection and PTB disease.

Statistical Methods

A Joinpoint Regression Model

We used the joinpoint regression analysis to examine annual trends of the HIV, PTB and HIV-PTB coinfection case
notification rate by calculating the average annual percentage change.

Seasonal Trend Analysis
The seasonal index is calculated as the ratio of the average number of cases in a given month to the average monthly
number of cases in a 9 * 12-month period (2011-2019). An index value close to 1.0 indicates no seasonal trend.

Spatiotemporal Cluster Analysis

According to the patient’s address, we defined the national standard area code and associated it with vectorized electronic
maps. The CNR in each county was divided into five levels: non-epidemic area, low epidemic area, low-medium
epidemic area, medium-high epidemic area and high epidemic area. The Moran’s I statistic was used to evaluate the
presence and direction of spatial autocorrelation over the whole study area and to test the assumption of spatial
independence. The spatial clustering analysis used the Getis-Ord Gi* statistic to explore spatial hotspots. Identification
of the spatiotemporal high-risk groups was then addressed with a space-time permutation model utilizing Kulldorff’s
space-time scan statistics.>> The times of the Monte Carlo simulation were set as 999, and the maximum size of the
spatial and temporal window was determined as 50% of the risk population and 50% of the period. The test level o was
set as 0.05.

Bayesian Space-Time Model

The Bayesian space-time model was established to evaluate the impact of socioeconomic factors, population density and health
resources on the CNR at the county level. We assumed that the number of notified cases (V;,) in county i, year ¢ (+= 2011, ...,
2019) followed the Poisson distribution. That was Y; ~Poisson(4;,), where E (Y,»J ) = diy = ej; x 0;,.e;, represented the expected
number of notified cases in the county i, year ¢, which was computed as the product of the average CNR rate of Jiangsu and the
population of each county during the nine years; 6;, was the ratio of the actual value of CNR to the expected value of CNR in
county i, year £, namely, the relative rate (RR) value of CNR. We used the log function form of 6;, to establish the Bayesian space-
time interaction model as the following:**
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Yi, t~Poisson (/1,;,,) (N

E<Yi,t) = /1[,[ =€ * ei,t (2)

Log(é’i,z) =ay + Zﬂka.i.t +u+vi+g+ Oiy (3)
k

oy was the intercept, X ;, was the kth socioeconomic or health resource factor variable in county 7 and year ¢, f§; was the
regression coefficient of the corresponding variable, whose prior distribution was normal. Besag-York-Mollie (BYM) model
was applied to estimate the spatial components, which were composed of spatially structured random effect y; and spatially
unstructured random effect v;. 1; was generally considered to obey a conditional autoregressive prior structure (CAR) in the

spatial epidemiology of infectious diseases,**>"

indicating that county i is more closely related to the disease CNR patterns of
neighboring counties. The v; was supposed to be subject to a normal distribution, meaning that the CNR in that county differed
from the neighboring counties and had an independent pattern. The time trend effect was also represented by g;, which obeyed
a l-order random walk model. Furthermore, J;,, defined the space-time interaction term. The spatial weight matrix adopted
a simple adjacency-weight matrix. Four different models were conducted in the analysis of the Bayesian space-time model:

Non-spatial effect model: Log(6;, )= ao + Y BiXeie + Vi

Spatial effect model: Log(6;, )= ao + Y BiXuis + w; + vi

Space-time effect model: Log(@l—_,t ): a0+ X BiXeie + i +vi+ &

Space-time interaction effect model: Log(6;, )= a0 + X fiXeis + p; + Vi + & + iy

We used the deviance information criterion (DIC) to select the Bayesian model. The model was developed as
a computationally efficient alternative to Markov Chain Monte Carlo (MCMC) and incorporated into WinBUGS1.4.3
(Windows-based Bayesian inference Using Gibbs Sampling). Finally, the posterior kernel densities and history plots of
the parameters were used to examine the convergence of the Markov chains. More details regarding the specific Bayesian
spatiotemporal model were provided in the Supplemental Method.

Results

Descriptive Analysis of PTB, HIV and HIV-PTB Coinfection

A total of 30,6360 PTB cases were reported in Jiangsu Province from 2011 to 2019, with the CNR decreasing from 50.86/
100,000 to 32.60/100,000. At the same time, the CNR of HIV increased from 2.01/100,000 in 2011 to 5.34/100,000 in 2019,
and the reported cases of HIV-PTB coinfection risen from 81 to 116, with an average annual rate of 0.13/100,000 (Table 1). As

Table | Annual CNR of PTB, HIV and HIV-PTB Coinfection in Jiangsu Province

Year PTB HIV HIV-PTB Coinfection
Cases CNR(/100,000) Cases CNR(/100,000) Cases CNR (/100,000)
2011 40,185 50.86 1589 2.0l 8l 0.10
2012 40,184 50.74 2206 2.78 80 0.10
2013 37,648 47.41 2716 342 89 0.11
2014 36,902 46.39 3463 436 84 0.11
2015 34,795 43.65 3809 4.78 113 0.14
2016 32,033 40.08 4036 5.05 112 0.14
2017 30,187 37.64 4062 5.06 98 0.12
2018 28,138 35.01 4284 5.33 125 0.16
2019 26,288 32.60 4307 5.34 116 0.14

Abbreviations: CNR, Case notification rate; HIV, human immunodeficiency virus; PTB, pulmonary tuberculosis.
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Figure | Spatial distribution of PTB notification rates in Jiangsu Province from 2011 to 2019.

shown in Figures 1-3, the areas with a high prevalence of PTB were mainly in northern Jiangsu, such as Lianyungang,
Xuzhou, and Sugqian, while the areas with a high prevalence of HIV were distributed in southern Jiangsu, including Suzhou,
Wuxi, Changzhou and Nanjing. A high prevalence of HIV-PTB coinfection was found in Yixing and Qidong. The joinpoint
regression analysis indicated that the CNR of PTB and HIV could be divided into two stages: 2011-2014 and 2015-2019.
HIV-PTB coinfection was in a steady state of growth, and an annual percent change (APC) was 5.4% from 2011 to 2019

(Table S1).

Spatiotemporal Distribution of PTB

From 2011 to 2019, the prominent epidemic peak of PTB was from March to May, and the maximum seasonal index was
1.16 in March. The notified cases dropped from November to January (Table S2). Moran’s [ value and Z-scores indicated
that the CNR of PTB have spatial clustering characteristics during this period (Table 2). Getis-ord Gi* hotspot analysis
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Figure 2 Spatial distribution of HIV notification rates in Jiangsu Province from 2011 to 2019.

demonstrated that the PTB hotspots are mainly distributed in northern and central Jiangsu (Figure 4). According to the
space-time permutation model, one most likely high-risk spatiotemporal clustering county and five secondary-risk
clustering counties of PTB were observed (P<0.001). The first cluster area comprised twenty-four counties distributed
principally in Suzhou, Wuxi, and Changzhou from June 2017 to December 2019. The second cluster area was found in
Baoying from May 2013 to June 2013. The third cluster involved eleven counties predominantly distributed in Yancheng
from September 2011 to March 2013 (Table S3).

Spatiotemporal Distribution of HIV

The main epidemic peak of HIV from 2011 to 2019 was from May to September, and the maximum seasonal index was
1.14 in July (Table S4). The CNR of HIV had spatial clustering distributions in the past nine years (Table 2). The
hotspots of HIV were mainly distributed in Nanjing, Suzhou, Wuxi, and Changzhou. (Figure 5). One most likely high-
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Figure 3 Spatial distribution of HIV-PTB coinfection notification rates in Jiangsu Province from 2011 to 2019.

risk spatiotemporal clustering county and three secondary risk clustering counties of HIV were found by Kulldorft’s
space-time scan statistical analysis (Table S3). The first cluster area comprised six counties in Nanjing from August 2011
to December 2015. The second cluster area involved thirty-three counties, mainly distributed in Yancheng, Lianyungang
and Suqian from February 2018 to October 2019. In addition, from August 2011 to March 2014, the third cluster
involved one county in Suzhou, and the fourth cluster was predominantly distributed in Wuxi and Changzhou, with eight
counties.

Spatiotemporal Distribution of HIV-PTB Coinfection

The maximum seasonal index of HIV-PTB was 1.31 in June (Table S5). We observed a global spatial autocorrelation of
HIV-PTB coinfection in 2011, 2014, and 2015 (Table 2). The hotspots of HIV-PTB coinfection were primarily distributed
in Nanjing, Wuxi, Zhenjiang and Changzhou (Figure 6). Moreover, Kulldorff’s space-time scan statistical analysis
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Table 2 Spatial Auto-Correlation Analysis of PTB, HIV and HIV-PTB Coinfection

Year PTB HIV HIV-PTB Coinfection
Moran’s | | Z-Score P Moran’s | | Z-Score P Moran’s | | Z-Score P

2011 0.238 3.801 <0.001 0.530 8.335 <0.001 0.154 2.620 0.009
2012 0.246 3.933 <0.001 0.661 10.372 <0.001 —0.027 —0.262 0.794
2013 0.173 2814 0.005 0.637 9.925 <0.001 0.086 1.499 0.134
2014 0.149 2.456 0.014 0.671 10.453 <0.001 0.121 2.057 0.040
2015 0.130 2.167 0.030 0.591 9.247 <0.001 0.126 2.178 0.029
2016 0.081 1.407 0.159 0.560 8.751 <0.001 —0.062 —0.802 0.422
2017 0.291 4.642 <0.001 0.608 9.497 <0.001 0.059 1.187 0.235
2018 0.227 3.684 <0.001 0.573 8.970 <0.001 —0.017 —0.011 0915
2019 0.193 3.175 0.002 0.431 6.806 <0.001 0.067 1.212 0.226

Abbreviations: HIV, human immunodeficiency virus; PTB, pulmonary tuberculosis.

identified one cluster of HIV-PTB coinfection during the same period (P<0.05). The cluster contained Yuhuatai, Jianye,
Qinhuai, Jiangning and Gulou in Nanjing from January 2011 to December 2015 (Table S3).

Spatiotemporal Analysis Using the Bayesian Model

Factor analysis was performed to eliminate the multiple correlations of PGDP, PCDI, population density, and health
resources (Tables S6-8). The goodness-of-fit Bayesian space-time model (the space-time interaction effect model) was
selected to estimate the role of factors on the disease CNR (Table S9). The data sets of PTB, HIV and HIV-PTB
coinfection were iterated 300,000, 100,000, and 100,000 times, respectively. After discarding the first 20,000 iterations,
the estimated values of each parameter tended to be steady, and then we calculated the posterior mean for each node. As
shown in Table 3, PTB had negative relationships with the socioeconomic factor (RR: 0.89, 95% CI: 0.85-0.92) and
population density (RR: 0.94, 95% CI: 0.92-0.96). However, HIV was positively correlated with health resource factors
(RR: 1.14, 95% CI: 1.09-1.18), socioeconomic factor (RR: 1.33, 95% CI: 1.26—1.40), and population density (RR: 1.09,
95% CI:1.06—1.12). HIV-PTB coinfection was positively correlated with socioeconomic factor (RR: 1.19, 95% CI: 1.08—
1.31) and population density (RR: 1.14, 95% CI: 1.06-1.23).

Discussion

This study collected data on PTB, HIV, and HIV-PTB coinfection at the county level in Jiangsu from 2011 to 2019,
revealing the spatial and temporal patterns of PTB, HIV, and HIV-PTB coinfection. The CNR of PTB showed a stable
decreasing trend, whereas the CNR of HIV and HIV-PTB coinfection exhibited an upward trend in Jiangsu. We also
indicated that socioeconomic levels might be a fundamental reason for the geographical heterogeneity of PTB, HIV, and
HIV-PTB coinfection.

The CNR of PTB showed a downward trend year by year, which may be related to the great attention of the State to
the prevention and control of TB. The General Office of the State Council issued the National TB Prevention and Control
Plan (2011-2015) in November 2011 and adopted a series of prevention and control measures. Subsequently, during the
“13th Five-Year Plan (2016-2020)” for TB prevention and control, regions across the country continued to improve their
TB prevention and control service systems, further promoting the end of the TB epidemic. The spatial distribution of TB
is related to geographical location, economic, demographic, and environmental factors, and its transmission is character-
ized by spatial clustering.''***” Discovering the imbalance of disease risk among regions and their influencing factors is
of great significance for the allocation of medical resources and implementation of geographically targeted interventions.
The CNR of PTB was negatively associated with socioeconomic levels and decreased gradually from north to south in
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Figure 4 Local Getis Gi* statistic results of the hot and cold spots for PTB notification rates in Jiangsu Province.

Jiangsu. This may be due to the lower economic status, insufficient medical service system and facilities resources, and
patients can not get timely diagnosis and treatment in the northern region. Previous studies have also concluded that TB
is strongly associated with poverty and poor living conditions.>® *° In South Korea and Northeast Brazil, demographic
and socioeconomic conditions had strong explanatory power in making spatial differences in TB incidence. TB was more
prevalent in areas with poor socioeconomic levels and high population density.**** However, our study found a negative
correlation between the CNR of PTB and population density, which may be related to the “high in the south, low in the
north” population distribution in Jiangsu. The rural area of northern Jiangsu was large and the population was scattered.
The population density has further decreased in recent years due to the outflow of people to southern Jiangsu.*' The
population density in Jiangsu Province significantly correlated with the regional economic levels.** Efforts for TB
prevention and control should be strengthened in areas with low economic development in Jiangsu Province.
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Figure 5 Local Getis Gi* statistic results of the hot and cold spots for HIV notification rates in Jiangsu Province.

China has one of the highest TB burden in the world and faces public health challenges related to TB, such as drug
resistance and HIV/TB coinfection.>® This study showed that HIV infection was more common in economically
developed regions, consistent with previous reports.*****® A survey of HIV infection in Indian adults found that HIV
infection is more prevalent in urban areas with better socioeconomic conditions.*® In Ethiopia, HIV transmission was
also more common in urban settings.** The rapid economic development in southern Jiangsu can cause large-scale
population fluctuations, which may contribute to HIV transmission. As rural-to-urban migrant labor increases, so does
the exposure of migrants to sex workers, and their consistent condom use is a lower percentage.*’*® Furthermore, MSM
accounted for the highest proportion of newly reported HIV/AIDS cases in Jiangsu Province.*” MSM tended to migrate
to cities with a prosperous economy, developed service industry, more employment opportunities and inclusive culture.>
These may be responsible for the higher CNR of HIV in southern than in central and northern Jiangsu. HIV-PTB
coinfection hotspots are mainly located in the urban areas of Nanjing, Wuxi, and Changzhou, which may be attributed to

4048 s Infection and Drug Resistance 2023:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Wu et al

2011 2012 2013
~ Y
M ok ’ -

2014 2015 2016
& 2
¥ 1%, V. e F
2017 2018 2019
-~ -~

*&

Hotspot analysis
™ Cold Spot - 99% Confidence
" Cold Spot - 95% Confidence
Cold Spot - 90% Confidence
Not Significant
Hot Spot - 90% Confidence
™ Hot Spot - 95% Confidence
= Hot Spot - 99% Confidence

03570 140 210 280
- — — KM

Figure 6 Local Getis Gi* statistic results of the hot and cold spots for HIV-PTB coinfection notification rates in Jiangsu Province.

the higher HIV prevalence. Aturinde et al*® suggested that the high prevalence of HIV contributes to the HIV-TB
coinfection hotspot around Lake Victoria. In the Southeast region of Brazil, HIV-TB coinfection high-risk clusters were
also mainly distributed in the central part of the municipality.*> As HIV is highly associated with TB,*® strengthening
HIV prevention and control and early initiation of antiretroviral treatment can reduce the TB burden. Bidirectional
screening among people living with HIV and TB is recommended to identify people with HIV-TB as early as possible
and urge them to complete treatment.

Our study also suffered from some limitations. One limitation was that the present study only considered socio-
economic factors, health resources factors and population density; other factors, such as meteorological factors and
environmental pollutants, may also impact the temporal and spatial distribution of infectious diseases. Another limitation

of our study is that it used nationally monitored case notification data as an alternative measure for the general infected
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Table 3 Bayesian Model Regression Coefficient Values

Variables PTB HIV HIV-PTB Coinfection
Coefficient RR (95% CI) Coefficient RR (95% CI) Coefficient RR (95% CI)
(95% CI) (95% CI) (95% ClI)

Health resource factor | —0.01(—0.05, 0.02) 0.99(0.95, 1.02) | 0.13(0.08, 0.17) | 1.14(1.09, I.18) | 0.08(—0.05, 0.22) | 0.92(0.95, 1.25)

Socioeconomic factor —0.12(-0.16, —0.08) | 0.89(0.85, 0.92) | 0.28(0.24, 0.34) | 1.33(1.26, 1.40) | 0.18(0.08, 0.27) 1.19(1.08, 1.31)

Population density —0.07(—0.09, —0.04) | 0.94(0.92, 0.96) | 0.08(0.06, 0.11) | 1.09(1.06, I.12) | 0.13(0.05, 0.21) 1.14(1.06, 1.23)

Abbreviations: RR, relative rate; Cl, confidence interval; HIV, human immunodeficiency virus; PTB, pulmonary tuberculosis.

population. Such data face the challenge of under-reporting, which may bias observations and grouping of variables at
the county level.

Conclusions

In conclusion, the CNR of PTB has shown a decreasing trend from 2011 to 2019, while the CNR of HIV and HIV-PTB
coinfection has shown an increasing trend with apparent spatial and temporal clustering in Jiangsu Province. The
government should strengthen TB prevention and control, publicity, and education efforts in northern Jiangsu, while
early screening and enhanced treatment of TB for HIV-infected patients in southern Jiangsu to reduce the disease burden.
Further studies are needed to assess environmental and social factors in identified high-risk areas and to explore local and
regional patterns of TB and HIV at the sub-district level.

Abbreviations

HIV, Human immunodeficiency virus; PTB, Pulmonary tuberculosis; CNR, Case notification rate; PGDP, Per capita
gross domestic product; MSM, Men who have sex with men; GIS, Geographical information systems; LISA, Local
indicators of spatial association; PCDI, Per capita disposable income; RR, Relative rate; CI, Confidence interval.
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