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Abstract

Objective

Pulmonary tuberculosis (TB) is a severe infectious respiratory disease, the burden of which

remains high in China. To provide scientific evidence for developing more targeted preven-

tion and control strategies, this study aimed to determine the incidence trends and explore

the epidemiological characteristics of pulmonary TB in Anhui Province, Eastern China

between 2013 and 2018.

Methods

The retrospective study analyzed information regarding pulmonary TB cases reported by

the National Infectious Disease Reporting System and census data collected from the Anhui

Provincial Bureau of Statistics.

Results

Overall, 211,892 cases of TB patients were reported in Anhui Province, China between

2013 and 2018, with an average annual reported incidence rate of 57.7 per 100,000 per-

sons. A significant decrease in the incidence rate of pulmonary TB (p < 0.001) was observed

during the study period. Men had a higher incidence rate of pulmonary TB than women (p <
0.001). The highest annual average reported incidence rate was 204.2 per 100,000 persons

in those aged 70–74 years. The number of farmers with pulmonary TB, i.e., 155,415,

accounted for 73.4% of all cases. Moreover, the peak period of reported cases was from

January to March. Four cities along the Yangtze River—Anqing, Tongling, Chizhou, and

Wuhu—reported significantly higher incidence rates of pulmonary TB than other cities (p <
0.001).
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Conclusions

From 2013 to 2018, there was a significant decline in the incidence rate of pulmonary TB in

Anhui Province, with peaks occurring from January to March. Prevention and control strate-

gies targeting men, people aged 70–74 years, farmers, and the four cities along the Yangtze

River should be strengthened.

Introduction

Tuberculosis (TB) is an infectious disease caused by the bacillus Mycobacterium tuberculosis
(M. tuberculosis), which most commonly affects the lungs (pulmonary TB) and spreads when

people with pulmonary TB expel the bacteria into the air [1, 2]. TB can lie dormant in individ-

uals for decades and may be reactivated later, leading to widespread systemic symptoms [3].

This infectious disease is among the 10 leading causes of death worldwide, ranking above

HIV/AIDS [4, 5]. In 2015, the World Health Organization (WHO) approved the ambitious

post-2015 global “End TB Strategy” [6] with a goal of reducing TB incidence by 90% and TB

deaths by 95% by 2035 [7]. To end the global TB epidemic, improved diagnostic tools and

treatment as well as effective surveillance targeting the vulnerable populations are imperative.

Despite extensive control strategies and increased public awareness, the disease remains an

enormous threat to global public health worldwide [8]. According to WHO reports, an esti-

mated 10 million people were living with TB in 2017, with an incidence rate of 133.0 per

100,000 persons [9]. As the country with the second-highest TB burden worldwide, China has

the third-highest number of cases [10]. According to statistics from the National Information

System For Disease Control And Prevention (NISDCP), the reported incidence rate of TB in

Anhui Province (55.8 per 100,000 persons) in 2017 ranked 28th among the 31 provinces

(autonomous regions and municipalities). Moreover, the number of pulmonary TB cases

reported in Anhui Province (34,561) accounted for 4.1% of new cases nationwide, ranking

ninth in the country.

Anhui Province, an important agricultural production base in the east of China, has a large

proportion of farmers. Although the incidence rate of pulmonary TB in Anhui Province from

2013 to 2018 was roughly equal to the national average, the number of reported cases ranked

10th in China, according to data from the NISDCP. We conducted this six-year retrospective

study to provide a scientific basis for a deeper understanding of epidemiological trends of pul-

monary TB in Anhui Province and to develop more targeted prevention and control strategies.

Materials and methods

Diagnostic criteria

According to the diagnostic criteria for pulmonary TB issued by the National Health Commis-

sion of the People’s Republic of China (WS288–2008), pulmonary TB patients should meet the

following criteria: 1) suggested TB symptoms (e.g., cough for more than 2 weeks or hemopty-

sis), 2) sputum specimens smear-positive for acid-fast bacilli, 3) negative sputum smears but

with pulmonary lesions on chest radiographs [11].

Data collection

Data regarding the reported TB cases in Anhui Province from January 2013 to December 2018

were obtained from the National Infectious Disease Reporting System (NIDRS), the subsystem
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of the NISDCP. Population data were collected from the Anhui Provincial Bureau of Statistics.

According to the Chinese law of Infectious Disease Control and Prevention, all suggested and

confirmed cases of pulmonary TB are required to be reported through the NIDRS within 24

hours. The reported information includes patient name, sex, age, occupation, residential

address, date of onset and diagnosis as well as the location of the designated medical

institution.

Statistical analysis

The incidence rates of pulmonary TB (per 100,000 persons) were calculated by dividing the

number of cases reported annually by the NIDRS by the annual population collected from the

Anhui Provincial Bureau. Census subjects referred to the local residents who had lived contin-

uously for more than 6 months, excluding mobile immigrants. The data were collected by

using Excel 2007. To assess the trends in incidence rates, we applied Joinpoint regression anal-

ysis using Joinpoint Regression Program version 4.7.0.0 (https://surveillance.cancer.gov/

joinpoint/). Chi-square tests for trends were conducted using IBM SPSS Statistics for Win-

dows, version 23.0. MapInfo software, version 15.0 was used to map the geographic distribu-

tions. The significance tests were two-sided, with p values� 0.05 considered statistically

significant.

Ethical approval

Ethics approval for this study was obtained from the Medical Ethics Committee of Anhui Pro-

vincial Tuberculosis Institute (FK2019-001). The data from the NIDRS were aggregated sec-

ondary data without any personal information; thus, informed consent was not needed.

Results

Reported incidence rate trends

Between 2013 and 2018, a total of 211,892 cases of pulmonary TB were reported in Anhui

Province, China, with an average annual reported incidence rate of 57.7 per 100,000 persons.

The reported incidence rates decreased significantly from 62.9 cases per 100,000 persons in

2013 to 51.1 cases per 100,000 persons in 2018, with an average percent change (APC) of 3.8%

(95% confidence interval [CI]: -5.0, -2.6; p< 0.05) (Fig 1).

Sex distribution of TB patients

Among the pulmonary TB cases reported in Anhui Province from 2013 to 2018, 153,303 were

that of men and 58,589 that of women, corresponding to a sex ratio of 2.62:1. The average

annual reported incidence rate for men (82.85 per 100,000 persons) was significantly higher

than that for women (32.21 per 100,000 persons) (χ2 = 40774.1, p< 0.001). From 2013 to

2018, significant decreases in the incidence rates of pulmonary TB were observed in both

men (APC = -4.0, 95% CI: -5.0, -3.1; p< 0.05) and women (APC = -3.4, 95% CI: -5.6, -1.2;

p< 0.05) (Fig 1).

Age distributions of TB patients

Significant differences in pulmonary TB incidence rates were observed among different age

groups. The highest annual average reported incidence rate was 204.2 per 100,000 persons in

those aged 70–74 years. Moreover, the annual average reported incidence rate was the highest

in men aged 80–84 years (319.4 per 100,000 persons) and in women aged 70–74 years (96.1

per 100,000 persons). From 2013 to 2018, the incidence rates of all age groups decreased
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significantly except for the 5–9, 10–14, 25–29, 45–49, and 50–54 years age groups (p< 0.001)

(Table 2).

Occupation distributions of TB patients

An analysis of the occupations of pulmonary TB patients reported in Anhui Province revealed

155,415 cases of farmers with pulmonary TB, accounting for 73.4% of the total number of pul-

monary TB cases in this province. Domestic workers or unemployed people, retired people,

and students accounted for 8.0%, 4.5%, and 3.8% of cases, respectively (Fig 2).

Monthly distributions of TB patients

Between 2013 and 2018, the total monthly numbers of reported pulmonary TB cases showed a

downward trend. The peak period for reported cases was from January to March, among

which the number of reported cases in March was the highest throughout the years, with a

total of 20,738 pulmonary TB cases reported (Table 1).

Geographic distributions of TB patients

The average annual reported incidence rates of pulmonary TB (71.75 per 100,000 persons) in

Anqing, Tongling, Chizhou, and Wuhu were significantly higher than those in the other 12 cit-

ies (54.58 per 100,000 persons) (χ2 = 2822.42, p< 0.001). Among the 16 cities in Anhui Prov-

ince, the highest average annual reported incidence rates were in Anqing, Tongling, and

Chizhou (Fig 2). In terms of geographic location, these four cities are distributed along the

Yangtze River. From 2013 to 2018, the incidence rates in Hefei, Wuhu, Maanshan, Huaibei,

Tongling, Anqing, Huangshan, Chuzhou, Fuyang, Suzhou, Luan, Bozhou, and Xuancheng

Fig 1. Trends in pulmonary tuberculosis incidence rates by sex in Anhui province, Eastern China from 2013 to 2018, as

determined using the join-point regression analysis. APC, average percent change.

https://doi.org/10.1371/journal.pone.0237311.g001
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showed significant downward trends (p< 0.001). However, the incidence rates in Chizhou

increased significantly from 2013 to 2018 (p< 0.001) (Table 2).

Discussion

Despite being an ancient disease that has affected humankind for centuries, TB remains a

major public health problem worldwide. The reported incidence rate of infectious diseases

reflects the impact of diseases on people’s health as well as the distributions of these diseases.

Additionally, the rate also reflects the reporting efficiencies of medical and health institutions.

In the absence of factors such as under-reporting, a decline in reported incidence rate can be

used to evaluate the rationality and effectiveness of current policies on the prevention and con-

trol of infectious diseases [12]. However, the progress in TB control has been slow in recent

Fig 2. Geographic distributions of the average annual incidence of pulmonary tuberculosis in Anhui province,

Eastern China, 2013–2018.

https://doi.org/10.1371/journal.pone.0237311.g002
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years, especially in low- and middle-income countries, owing to gaps in the coverage of TB

programs and risk factors for TB transmission and progression [13]. Hence, there is an urgent

need to explore the trajectory of the pulmonary TB epidemic and further evaluate whether

China’s TB control and prevention plan can achieve the WHO goals on schedule.

This retrospective study analyzed the epidemiological distribution characteristics and tem-

poral trends of pulmonary TB from 2013 to 2018 using data provided by the NIDRS. We

found that the reported incidence rate dropped from 62.9 cases per 100,000 persons in 2013 to

51.1 cases per 100,000 persons in 2018, with an average annual decline rate of 4.1%. From 2013

to 2018, the incidence rate of pulmonary TB in Anhui Province was lower than the WHO’s

estimate for China in the same year [9, 10, 14–17]. These improvements have primarily been

Table 1. Patient occupations and monthly distributions of reported pulmonary tuberculosis cases in Anhui province, Eastern China, 2013–2018.

Characteristics Number (%)

2013 2014 2015 2016 2017 2018

Occupation

Kindergarten children 1 (0.00) 2 (0.01) 3 (0.01) 2 (0.01) 2 (0.01) 2 (0.01)

Scattered children 23 (0.06) 18 (0.05) 34 (0.10) 26 (0.07) 21 (0.06) 12 (0.04)

Students 1434 (3.81) 1362 (3.65) 1299 (3.65) 1226 (3.52) 1346 (3.89) 1424 (4.46)

Teachers 158 (0.42) 121 (0.32) 127 (0.36) 101 (0.29) 108 (0.31) 136 (0.43)

Nannies 0 (0.00) 1 (0.00) 2 (0.01) 3 (0.01) 3 (0.01) 2 (0.01)

Catering staff 66 (0.18) 64 (0.17) 53 (0.15) 55 (0.16) 48 (0.14) 59 (0.18)

Service personnel 25 (0.07) 14 (0.04) 14 (0.04) 21 (0.06) 15 (0.04) 10 (0.03)

Merchants 704 (1.87) 625 (1.68) 876 (2.46) 870 (2.49) 964 (2.79) 859 (2.69)

Medical staffs 102 (0.27) 96 (0.26) 98 (0.28) 96 (0.28) 107 (0.31) 124 (0.39)

Laborers 1241 (3.29) 937 (2.51) 871 (2.45) 883 (2.53) 882 (2.55) 757 (2.37)

Migrant workers 546 (1.45) 171 (0.46) 147 (0.41) 171 (0.49) 130 (0.38) 123 (0.38)

Farmers 27963 (74.24) 27965 (74.99) 25958 (73.02) 25500 (73.11) 25044 (72.46) 22985 (71.94)

Herders 40 (0.11) 33 (0.09) 38 (0.11) 29 (0.08) 34 (0.10) 24 (0.08)

Fishermen 25 (0.07) 31 (0.08) 30 (0.08) 16 (0.05) 15 (0.04) 12 (0.04)

Sailors and drivers 37 (0.10) 30 (0.08) 26 (0.07) 19 (0.05) 20 (0.06) 18 (0.06)

Cadres 211 (0.56) 203 (0.54) 208 (0.59) 219 (0.63) 227 (0.66) 240 (0.75)

Retired staffs 1417 (3.76) 1559 (4.18) 1633 (4.59) 1543 (4.42) 1706 (4.94) 1672 (5.23)

Unemployed people 2412 (6.40) 3019 (8.10) 2954 (8.31) 3071 (8.80) 2896 (8.38) 2634 (8.24)

Others 554 (1.47) 513 (1.38) 663 (1.86) 762 (2.18) 710 (2.05) 650 (2.03)

Unknown 705 (1.87) 526 (1.41) 516 (1.45) 265 (0.76) 283 (0.82) 206 (0.64)

Month

January 3388 (9.00) 3574 (9.58) 3482 (9.79) 3152 (9.04) 3182 (9.21) 3115 (9.75)

February 3325 (8.83) 3414 (9.16) 3097 (8.71) 3171 (9.09) 3176 (9.19) 2867 (8.97)

March 3643 (9.67) 3721 (9.98) 3577 (10.06) 3409 (9.77) 3134 (9.07) 3254 (10.18)

April 3648 (9.69) 3306 (8.87) 3143 (8.84) 2982 (8.55) 2921 (8.45) 2801 (8.77)

May 3297 (8.75) 3360 (9.01) 3173 (8.93) 3073 (8.81) 3041 (8.80) 2770 (8.67)

June 3164 (8.40) 3210 (8.61) 2924 (8.23) 2810 (8.06) 2920 (8.45) 2549 (7.98)

July 2903 (7.71) 3050 (8.18) 3167 (8.91) 2669 (7.65) 2708 (7.84) 2445 (7.65)

August 2929 (7.78) 2927 (7.85) 3003 (8.45) 2944 (8.44) 2908 (8.41) 2517 (7.88)

September 2836 (7.53) 2842 (7.62) 2614 (7.35) 2680 (7.68) 2692 (7.79) 2386 (7.47)

October 3008 (7.99) 2784 (7.47) 2637 (7.42) 2697 (7.73) 2732 (7.90) 2511 (7.86)

November 2724 (7.23) 2420 (6.49) 2314 (6.51) 2647 (7.59) 2607 (7.54) 2640 (8.26)

December 2799 (7.43) 2682 (7.19) 2419 (6.80) 2644 (7.58) 2540 (7.35) 2094 (6.55)

https://doi.org/10.1371/journal.pone.0237311.t001
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attributed to the comprehensive prevention and control measures of “12th Five-Year” and
“13th Five-Year” National Tuberculosis Prevention and Control Plans implemented by the Gen-

eral Office of the State Council of China, as well as the construction of new service and medical

security systems [18].

The male/female sex ratio of pulmonary TB patients in Anhui Province reached 2.6, which

was higher than that reported in Hebei Province, China [19]. We also found a significantly

higher average annual reported incidence rate of pulmonary TB in men than in women. Dif-

ferences in reported incidence rates between men and women may result from help-seeking

Table 2. Trends in pulmonary tuberculosis incidence rates by age and region in Anhui province, Eastern China, 2013–2018.

Characteristics 2013 2014 2015 2016 2017 2018 χ2trend p-value�

Age (years)

0- 0.82 0.43 0.60 0.49 0.42 0.31 7.95 0.005

5- 0.45 0.40 0.40 0.59 0.24 0.31 1.48 0.223

10- 3.37 2.95 3.25 3.53 4.16 3.46 2.09 0.148

15- 40.28 38.51 36.22 36.03 33.33 27.02 116.41 <0.001

20- 66.02 60.96 53.04 52.13 45.97 46.56 287.31 <0.001

25- 63.16 66.39 68.57 68.45 68.16 60.90 0.41 0.524

30- 42.82 42.06 40.92 41.36 41.01 39.20 5.52 0.019

35- 35.60 34.02 31.81 30.23 30.45 26.23 72.55 <0.001

40- 42.91 39.73 35.78 34.78 28.75 22.93 463.92 <0.001

45- 39.69 41.77 38.38 36.96 36.18 42.96 0.83 0.362

50- 116.76 141.47 131.55 141.33 142.48 115.98 0.17 0.685

55- 78.84 65.18 58.68 54.70 52.42 57.61 191.89 <0.001

60- 131.96 130.00 120.66 122.14 113.49 92.10 232.90 <0.001

65- 165.31 162.21 153.57 131.09 145.51 132.89 126.99 <0.001

70- 251.50 243.78 219.15 177.92 196.55 157.92 498.53 <0.001

75- 224.53 215.84 197.38 182.61 196.10 155.00 183.31 <0.001

80- 210.67 224.72 205.71 163.95 181.13 151.00 141.37 <0.001

85- 125.98 134.59 130.50 107.99 128.26 113.71 6.00 0.014

Region

Hefei 64.87 64.12 58.42 54.48 51.44 51.74 221.63 <0.001

Wuhu 64.85 67.09 65.48 61.63 67.17 59.23 8.38 0.004

Bengbu 59.98 57.65 53.99 53.54 66.77 54.49 0.01 0.905

Huainan 56.28 57.59 55.97 56.60 61.02 55.69 0.39 0.531

Maanshan 59.12 55.79 53.44 50.21 53.69 50.95 15.15 <0.001

Huaibei 56.72 56.33 53.26 58.33 52.14 52.87 4.07 0.044

Tongling 87.10 97.22 82.21 72.97 67.72 55.72 141.91 <0.001

Anqing 89.40 88.72 85.01 83.70 62.14 55.78 548.55 <0.001

Huangshan 60.83 61.51 53.69 53.21 53.88 51.30 17.64 <0.001

Chuzhou 60.64 56.09 55.93 50.14 49.75 46.03 103.15 <0.001

Fuyang 53.64 53.56 53.36 50.44 47.64 42.42 133.89 <0.001

Suzhou 54.24 54.20 49.95 50.88 46.61 46.28 59.36 <0.001

Luan 64.28 60.32 56.01 49.80 53.54 48.06 156.26 <0.001

Bozhou 61.38 58.43 55.09 56.11 59.68 50.47 31.37 <0.001

Chizhou 58.32 62.34 57.21 74.79 83.16 73.23 71.72 <0.001

Xuancheng 64.11 60.31 54.92 55.79 54.56 53.79 29.63 <0.001

�p-value: chi-square tests for trend

https://doi.org/10.1371/journal.pone.0237311.t002
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behavior, stigma, socio-economic determinants/barriers, misdiagnosis (such as missed TB

during pregnancy), etc. Men have a higher consumption of alcohol and cigarettes, both of

which are risk factors for developing active TB [20–22]. Furthermore, a significant proportion

of pulmonary TB cases was found in people aged 70–74 years, which was consistent with the

findings from a cross-sectional study conducted in rural western China [23]. The host immune

system plays a leading role in the containment and cure of M. tuberculosis infection [24]. How-

ever, T cell-mediated immunity undergoes an age-related decline in terms of its ability to

respond to mycobacterial infection [25]. The aging of the population poses increasing chal-

lenges to TB control as China is considering its post-2015 End TB Strategy, which is not a new

vertical program but rather a horizontal effort to comprehensively strengthen health care and

expand coverage [26]. In this study, the proportions of pulmonary TB cases among farmers,

domestic workers, and unemployed people were higher than those in other occupations, a

finding consistent with national reports on the TB epidemic situation [27, 28]. Pulmonary TB

transmission and progression are also driven by social factors. As Anhui Province is a major

agricultural province with a large rural population base, poor living conditions, considerable

economic burden, low levels of education, and malnutrition may account for the high inci-

dence of pulmonary TB among peasants [29, 30].

Existing evidence has suggested periodic and seasonal features in the occurrence of pulmo-

nary TB in China, with higher frequencies in winter and spring, hinting that the risk of pulmo-

nary TB transmission appears to be the greatest during this period [31]. However, the

mechanisms underlying the seasonal variation of pulmonary TB are complex and multi-facto-

rial. In this study, we found that the incidence rate of pulmonary TB in Anhui Province was

the highest from January to March. The peak months were earlier than those reported in other

countries [32–34]. One possible explanation for seasonal variations of pulmonary TB is Vita-

min D deficiency due to reduced sunlight exposure in winter, leading to immunosuppression

and subsequent reactivation of latent TB infection [32, 35]. Moreover, indoor activities are

more common in winter than in warm climates, which increases the probability of the expo-

sure of healthy people to tubercle bacilli expelled from infected people [36, 37]. In particular,

during the Spring Festival, most migrant workers return to their hometowns, thereby increas-

ing population mobility and accelerating the transmission of tubercle bacilli [38, 39].

The incidence rates of pulmonary TB are reportedly higher in Anqing, Tongling, Chizhou,

and Wuhu. As these areas are located in the Yangtze River Economic Belt of Anhui Province,

their economic statuses are superior to those other mountainous and plain areas and the medi-

cal resources are relatively abundant, which is conducive to the early detection of pulmonary

TB. As that low-income residents are more likely to delay seeking medical care in some densely

populated rural areas, an increased focus on the equitable allocation of pulmonary TB-related

resources and improved targeting of vulnerable groups may yield more timely diagnosis and

treatment [40, 41].

This study has several limitations. First, this was a retrospective study based on program-

matic data extracted from the NIDRS. The retrospective study design limited us in exploring

the potential risk factors for the incidence rates. In addition, the possibility that the incidence

was underestimated cannot be ruled out. Second, detailed information on the included pulmo-

nary TB patients, such as nutritional status, living conditions, education level, smear results,

and co-morbidities was not available from the medical records.

Conclusions

From 2013 to 2018, the reported incidence rate of pulmonary TB in Anhui Province decreased

significantly. Moreover, the incidence of pulmonary TB was higher among men and those
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aged 70–74 years. Among the new cases of pulmonary TB, farmers accounted for the largest

proportion. The peak period of reported cases was from January to March. Four cities along

the Yangtze River—Anqing, Tongling, Chizhou, and Wuhu—reported higher incidences of

pulmonary TB than those in other areas. The results of this study may provide a scientific basis

for public health decision-making and the promotion of effective measures for disease control.

Author Contributions

Conceptualization: Qing-Qing Zhu, Qian Wu, Ze-Kun Zhang, Hai-Feng Pan.

Data curation: Qing-Qing Zhu, Ai-Min Wang, Ling Li.

Formal analysis: Rong Wang.

Investigation: Qian Wu, Ai-Min Wang, Fang-Jin Bao, Yong-Zhong Zhang, Xue-Hui Fang,

Xun-Di Bao.

Methodology: Qing-Qing Zhu, Jun-Wei Yan, Xun-Di Bao, Hai-Feng Pan.

Project administration: Qian Wu, Fang-Jin Bao, Yong-Zhong Zhang, Jun-Wei Yan, Xue-Hui

Fang, Ling Li, Ze-Kun Zhang, Rong Wang, Song Yao, Hai-Feng Pan.

Resources: Xue-Hui Fang, Ze-Kun Zhang.

Software: Jie Liu.

Supervision: Jie Liu, Ling Li, Xun-Di Bao, Song Yao, Hai-Feng Pan.

Validation: Qian Wu, Rong Wang, Song Yao.

Visualization: Jun-Wei Yan, Song Yao, Hai-Feng Pan.

Writing – original draft: Qing-Qing Zhu.

Writing – review & editing: Qian Wu.

References
1. Horton KC, MacPherson P, Houben RM, White RG. Sex Differences in Tuberculosis Burden and Notifi-

cations in Low- and Middle-Income Countries: A Systematic Review and Meta-analysis. 2016; 13(9):

e1002119. https://doi.org/10.1371/journal.pmed.1002119 PMID: 27598345.

2. Williams CM, Cheah ES, Malkin J, Patel H, Otu J, Mlaga K, et al. Face mask sampling for the detection

of Mycobacterium tuberculosis in expelled aerosols. PloS one. 2014; 9(8):e104921. Epub 2014/08/15.

https://doi.org/10.1371/journal.pone.0104921 PMID: 25122163

3. Lam A, Prabhu R, Gross CM, Riesenberg LA, Singh V, Aggarwal S. Role of apoptosis and autophagy in

tuberculosis. American journal of physiology Lung cellular and molecular physiology. 2017; 313(2):

L218–l29. Epub 2017/05/13. https://doi.org/10.1152/ajplung.00162.2017 PMID: 28495854

4. Top ten cause of death globally 2016. http://www.who.int/news-room/fact-sheets/detail/the-top-10-

causes-of-death: World Health Organization, 2016.

5. Global, regional, and national age-sex specific mortality for 264 causes of death, 1980–2016: a system-

atic analysis for the Global Burden of Disease Study 2016. Lancet (London, England). 2017; 390

(10100):1151–210. Epub 2017/09/19. https://doi.org/10.1016/s0140-6736(17)32152-9 PMID:

28919116.

6. Chen CH, Chen YM, Lee CW, Chang YJ, Cheng CY, Hung JK. Early diagnosis of spinal tuberculosis.

Journal of the Formosan Medical Association = Taiwan yi zhi. 2016; 115(10):825–36. Epub 2016/08/16.

https://doi.org/10.1016/j.jfma.2016.07.001 PMID: 27522334.

7. Harries AD, Kumar AMV. Challenges and Progress with Diagnosing Pulmonary Tuberculosis in Low-

and Middle-Income Countries. Diagnostics (Basel, Switzerland). 2018; 8(4). Epub 2018/11/28. https://

doi.org/10.3390/diagnostics8040078 PMID: 30477096

PLOS ONE Epidemiological characteristics of PTB in Anhui Province from 2013 to 2018

PLOS ONE | https://doi.org/10.1371/journal.pone.0237311 August 6, 2020 9 / 11

https://doi.org/10.1371/journal.pmed.1002119
http://www.ncbi.nlm.nih.gov/pubmed/27598345
https://doi.org/10.1371/journal.pone.0104921
http://www.ncbi.nlm.nih.gov/pubmed/25122163
https://doi.org/10.1152/ajplung.00162.2017
http://www.ncbi.nlm.nih.gov/pubmed/28495854
http://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death
http://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death
https://doi.org/10.1016/s0140-6736%2817%2932152-9
http://www.ncbi.nlm.nih.gov/pubmed/28919116
https://doi.org/10.1016/j.jfma.2016.07.001
http://www.ncbi.nlm.nih.gov/pubmed/27522334
https://doi.org/10.3390/diagnostics8040078
https://doi.org/10.3390/diagnostics8040078
http://www.ncbi.nlm.nih.gov/pubmed/30477096
https://doi.org/10.1371/journal.pone.0237311


8. Guo Z, Xiao D, Wang X, Wang Y, Yan T. Epidemiological characteristics of pulmonary tuberculosis in

mainland China from 2004 to 2015: a model-based analysis. BMC public health. 2019; 19(1):219. Epub

2019/02/23. https://doi.org/10.1186/s12889-019-6544-4 PMID: 30791954.

9. World Health Organization. Global Tuberculosis Report 2018 http://www.who.int/tb/publications/global_

report/en/2018 [cited 2020 14 Feb].

10. World Health Organization. Global Tuberculosis Report 2017 http://www.who.int/tb/publications/global_

report/en/2017 [cited 2020 14 Feb].

11. Diagnostic criteria for pulmonary tuberculosis http://www.nhc.gov.cn/wjw/s9491/200801/38801/files/

987acb0232964ca1a9dcf833ad126a31.pdf: National Health Commission of the People’s Republic of

China; 2008 [cited 2020 14 Feb].

12. Haagsma JA, Graetz N, Bolliger I, Naghavi M, Higashi H, Mullany EC, et al. The global burden of injury:

incidence, mortality, disability-adjusted life years and time trends from the Global Burden of Disease

study 2013. 2016; 22(1):3–18. https://doi.org/10.1136/injuryprev-2015-041616 PMID: 26635210.

13. Dye C, Watt CJ, Bleed DM, Williams BG. What is the limit to case detection under the DOTS strategy

for tuberculosis control? Tuberculosis (Edinburgh, Scotland). 2003; 83(1–3):35–43. Epub 2003/05/22.

https://doi.org/10.1016/s1472-9792(02)00056-2 PMID: 12758187.

14. World Health Organization. Global Tuberculosis Report 2013 http://www.who.int/tb/publications/global_

report/en/2013 [cited 2020 14 Feb].

15. World Health Organization. Global Tuberculosis Report 2014 http://www.who.int/tb/publications/global_

report/en/2014 [cited 2020 14 Feb].

16. World Health Organization. Global Tuberculosis Report 2015 http://www.who.int/tb/publications/global_

report/en/2015 [cited 2020 14 Feb].

17. World Health Organization. Global Tuberculosis Report 2016 http://www.who.int/tb/publications/global_

report/en/. 2016 [cited 2020 14 Feb].

18. Wu S, Wang H, Li B. Tuberculosis controlling, from China’s perspective. Journal of infection and public

health. 2018; 11(2):300. Epub 2017/08/02. https://doi.org/10.1016/j.jiph.2017.07.014 PMID: 28757300.

19. Li Y, Cao X, Li S, Wang H, Wei J, Liu P, et al. Characterization of Mycobacterium tuberculosis isolates

from Hebei, China: genotypes and drug susceptibility phenotypes. BMC infectious diseases. 2016;

16:107. Epub 2016/03/05. https://doi.org/10.1186/s12879-016-1441-2 PMID: 26939531.

20. Lin HH, Ezzati M, Chang HY, Murray M. Association between tobacco smoking and active tuberculosis

in Taiwan: prospective cohort study. American journal of respiratory and critical care medicine. 2009;

180(5):475–80. Epub 2009/06/23. https://doi.org/10.1164/rccm.200904-0549OC PMID: 19542475.

21. Amoakwa K, Martinson NA, Moulton LH, Barnes GL, Msandiwa R, Chaisson RE. Risk factors for devel-

oping active tuberculosis after the treatment of latent tuberculosis in adults infected with human immu-

nodeficiency virus. Open forum infectious diseases. 2015; 2(1):ofu120. Epub 2015/06/03. https://doi.

org/10.1093/ofid/ofu120 PMID: 26034751.

22. Erol A, Karpyak VM. Sex and gender-related differences in alcohol use and its consequences: Contem-

porary knowledge and future research considerations. Drug and alcohol dependence. 2015; 156:1–13.

Epub 2015/09/16. https://doi.org/10.1016/j.drugalcdep.2015.08.023 PMID: 26371405.

23. Chen C, Yang CG, Gao X, Lu ZZ, Tang FX, Cheng J, et al. Community-based active case finding for

tuberculosis in rural western China: a cross-sectional study. The international journal of tuberculosis

and lung disease: the official journal of the International Union against Tuberculosis and Lung Disease.

2017; 21(11):1134–9. Epub 2017/10/19. https://doi.org/10.5588/ijtld.17.0123 PMID: 29037293.

24. Edem VF, Arinola GO. Innate Cellular Immunity in Newly Diagnosed Pulmonary Tuberculosis Patients

and During Chemotherapy. Annals of global health. 2015; 81(5):669–74. Epub 2016/04/03. https://doi.

org/10.1016/j.aogh.2015.08.012 PMID: 27036724.

25. Orme IM. Aging and immunity to tuberculosis: increased susceptibility of old mice reflects a decreased

capacity to generate mediator T lymphocytes. Journal of immunology (Baltimore, Md: 1950). 1987; 138

(12):4414–8. Epub 1987/06/15. PMID: 3495592.

26. Huynh GH, Klein DJ, Chin DP, Wagner BG, Eckhoff PA, Liu R, et al. Tuberculosis control strategies to

reach the 2035 global targets in China: the role of changing demographics and reactivation disease.

BMC medicine. 2015; 13:88. Epub 2015/04/22. https://doi.org/10.1186/s12916-015-0341-4 PMID:

25896465.

27. Sun Y, Harley D, Vally H, Sleigh A. Comparison of characteristics and mortality in multidrug resistant

(MDR) and non-MDR tuberculosis patients in China. BMC public health. 2015; 15:1027. Epub 2015/10/

09. https://doi.org/10.1186/s12889-015-2327-8 PMID: 26444417.

28. Zhao Y, Xu S, Wang L, Chin DP, Wang S, Jiang G, et al. National survey of drug-resistant tuberculosis

in China. The New England journal of medicine. 2012; 366(23):2161–70. Epub 2012/06/08. https://doi.

org/10.1056/NEJMoa1108789 PMID: 22670902.

PLOS ONE Epidemiological characteristics of PTB in Anhui Province from 2013 to 2018

PLOS ONE | https://doi.org/10.1371/journal.pone.0237311 August 6, 2020 10 / 11

https://doi.org/10.1186/s12889-019-6544-4
http://www.ncbi.nlm.nih.gov/pubmed/30791954
http://www.who.int/tb/publications/global_report/en/2018
http://www.who.int/tb/publications/global_report/en/2018
http://www.who.int/tb/publications/global_report/en/2017
http://www.who.int/tb/publications/global_report/en/2017
http://www.nhc.gov.cn/wjw/s9491/200801/38801/files/987acb0232964ca1a9dcf833ad126a31.pdf
http://www.nhc.gov.cn/wjw/s9491/200801/38801/files/987acb0232964ca1a9dcf833ad126a31.pdf
https://doi.org/10.1136/injuryprev-2015-041616
http://www.ncbi.nlm.nih.gov/pubmed/26635210
https://doi.org/10.1016/s1472-9792(02)00056-2
http://www.ncbi.nlm.nih.gov/pubmed/12758187
http://www.who.int/tb/publications/global_report/en/2013
http://www.who.int/tb/publications/global_report/en/2013
http://www.who.int/tb/publications/global_report/en/2014
http://www.who.int/tb/publications/global_report/en/2014
http://www.who.int/tb/publications/global_report/en/2015
http://www.who.int/tb/publications/global_report/en/2015
http://www.who.int/tb/publications/global_report/en/
http://www.who.int/tb/publications/global_report/en/
https://doi.org/10.1016/j.jiph.2017.07.014
http://www.ncbi.nlm.nih.gov/pubmed/28757300
https://doi.org/10.1186/s12879-016-1441-2
http://www.ncbi.nlm.nih.gov/pubmed/26939531
https://doi.org/10.1164/rccm.200904-0549OC
http://www.ncbi.nlm.nih.gov/pubmed/19542475
https://doi.org/10.1093/ofid/ofu120
https://doi.org/10.1093/ofid/ofu120
http://www.ncbi.nlm.nih.gov/pubmed/26034751
https://doi.org/10.1016/j.drugalcdep.2015.08.023
http://www.ncbi.nlm.nih.gov/pubmed/26371405
https://doi.org/10.5588/ijtld.17.0123
http://www.ncbi.nlm.nih.gov/pubmed/29037293
https://doi.org/10.1016/j.aogh.2015.08.012
https://doi.org/10.1016/j.aogh.2015.08.012
http://www.ncbi.nlm.nih.gov/pubmed/27036724
http://www.ncbi.nlm.nih.gov/pubmed/3495592
https://doi.org/10.1186/s12916-015-0341-4
http://www.ncbi.nlm.nih.gov/pubmed/25896465
https://doi.org/10.1186/s12889-015-2327-8
http://www.ncbi.nlm.nih.gov/pubmed/26444417
https://doi.org/10.1056/NEJMoa1108789
https://doi.org/10.1056/NEJMoa1108789
http://www.ncbi.nlm.nih.gov/pubmed/22670902
https://doi.org/10.1371/journal.pone.0237311


29. Luba TR, Tang S, Liu Q, Gebremedhin SA, Kisasi MD, Feng Z. Knowledge, attitude and associated fac-

tors towards tuberculosis in Lesotho: a population based study. BMC infectious diseases. 2019; 19

(1):96. Epub 2019/01/31. https://doi.org/10.1186/s12879-019-3688-x PMID: 30696417.

30. Qi Z, Yang W, Wang YF. Epidemiological analysis of pulmonary tuberculosis in Heilongjiang province

China from 2008 to 2015. International journal of mycobacteriology. 2017; 6(3):264–7. Epub 2017/08/

05. https://doi.org/10.4103/ijmy.ijmy_104_17 PMID: 28776525.

31. Li XX, Wang LX, Zhang H, Du X, Jiang SW, Shen T, et al. Seasonal variations in notification of active

tuberculosis cases in China, 2005–2012. PloS one. 2013; 8(7):e68102. Epub 2013/07/23. https://doi.

org/10.1371/journal.pone.0068102 PMID: 23874512.

32. Parrinello CM, Crossa A, Harris TG. Seasonality of tuberculosis in New York City, 1990–2007. The

international journal of tuberculosis and lung disease: the official journal of the International Union

against Tuberculosis and Lung Disease. 2012; 16(1):32–7. Epub 2012/01/13. https://doi.org/10.5588/

ijtld.11.0145 PMID: 22236842.

33. Akhtar S, Mohammad HG. Seasonality in pulmonary tuberculosis among migrant workers entering

Kuwait. BMC infectious diseases. 2008; 8:3. Epub 2008/01/09. https://doi.org/10.1186/1471-2334-8-3

PMID: 18179720.

34. Naranbat N, Nymadawa P, Schopfer K, Rieder HL. Seasonality of tuberculosis in an Eastern-Asian

country with an extreme continental climate. The European respiratory journal. 2009; 34(4):921–5.

Epub 2009/04/24. https://doi.org/10.1183/09031936.00035309 PMID: 19386690.

35. Korthals Altes H, Kremer K, Erkens C, van Soolingen D, Wallinga J. Tuberculosis seasonality in the

Netherlands differs between natives and non-natives: a role for vitamin D deficiency? The international

journal of tuberculosis and lung disease: the official journal of the International Union against Tuberculo-

sis and Lung Disease. 2012; 16(5):639–44. Epub 2012/03/14. https://doi.org/10.5588/ijtld.11.0680

PMID: 22410705.

36. Fares A. Seasonality of tuberculosis. Journal of global infectious diseases. 2011; 3(1):46–55. Epub

2011/05/17. https://doi.org/10.4103/0974-777X.77296 PMID: 21572609.

37. Rios M, Garcia JM, Sanchez JA, Perez D. A statistical analysis of the seasonality in pulmonary tubercu-

losis. European journal of epidemiology. 2000; 16(5):483–8. Epub 2000/09/21. https://doi.org/10.1023/

a:1007653329972 PMID: 10997837.

38. Mao Q, Zeng C, Zheng D, Yang Y. Analysis on spatial-temporal distribution characteristics of smear

positive pulmonary tuberculosis in China, 2004–2015. International journal of infectious diseases: IJID:

official publication of the International Society for Infectious Diseases. 2019; 80s:S36–s44. Epub 2019/

03/03. https://doi.org/10.1016/j.ijid.2019.02.038 PMID: 30825654.

39. Yang X, Duan Q, Wang J, Zhang Z, Jiang G. Seasonal variation of newly notified pulmonary tuberculo-

sis cases from 2004 to 2013 in Wuhan, China. PloS one. 2014; 9(10):e108369. Epub 2014/10/11.

https://doi.org/10.1371/journal.pone.0108369 PMID: 25303675.

40. Li Y, Ehiri J, Tang S, Li D, Bian Y, Lin H, et al. Factors associated with patient, and diagnostic delays in

Chinese TB patients: a systematic review and meta-analysis. BMC medicine. 2013; 11:156. Epub

2013/07/04. https://doi.org/10.1186/1741-7015-11-156 PMID: 23819847.

41. Zhang T, Tang S, Jun G, Whitehead M. Persistent problems of access to appropriate, affordable TB

services in rural China: experiences of different socio-economic groups. BMC public health. 2007; 7:19.

Epub 2007/02/10. https://doi.org/10.1186/1471-2458-7-19 PMID: 17288593.

PLOS ONE Epidemiological characteristics of PTB in Anhui Province from 2013 to 2018

PLOS ONE | https://doi.org/10.1371/journal.pone.0237311 August 6, 2020 11 / 11

https://doi.org/10.1186/s12879-019-3688-x
http://www.ncbi.nlm.nih.gov/pubmed/30696417
https://doi.org/10.4103/ijmy.ijmy%5F104%5F17
http://www.ncbi.nlm.nih.gov/pubmed/28776525
https://doi.org/10.1371/journal.pone.0068102
https://doi.org/10.1371/journal.pone.0068102
http://www.ncbi.nlm.nih.gov/pubmed/23874512
https://doi.org/10.5588/ijtld.11.0145
https://doi.org/10.5588/ijtld.11.0145
http://www.ncbi.nlm.nih.gov/pubmed/22236842
https://doi.org/10.1186/1471-2334-8-3
http://www.ncbi.nlm.nih.gov/pubmed/18179720
https://doi.org/10.1183/09031936.00035309
http://www.ncbi.nlm.nih.gov/pubmed/19386690
https://doi.org/10.5588/ijtld.11.0680
http://www.ncbi.nlm.nih.gov/pubmed/22410705
https://doi.org/10.4103/0974-777X.77296
http://www.ncbi.nlm.nih.gov/pubmed/21572609
https://doi.org/10.1023/a%3A1007653329972
https://doi.org/10.1023/a%3A1007653329972
http://www.ncbi.nlm.nih.gov/pubmed/10997837
https://doi.org/10.1016/j.ijid.2019.02.038
http://www.ncbi.nlm.nih.gov/pubmed/30825654
https://doi.org/10.1371/journal.pone.0108369
http://www.ncbi.nlm.nih.gov/pubmed/25303675
https://doi.org/10.1186/1741-7015-11-156
http://www.ncbi.nlm.nih.gov/pubmed/23819847
https://doi.org/10.1186/1471-2458-7-19
http://www.ncbi.nlm.nih.gov/pubmed/17288593
https://doi.org/10.1371/journal.pone.0237311

