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Upward trends in new, 
rifampicin‑resistant and concurrent 
extrapulmonary tuberculosis cases 
in northern Guizhou Province 
of China
Ling Chen1, Xuefeng Fu1, Peng Tian1, Qing Li1, Dan Lei1, Zhangli Peng1, Quanxian Liu1, 
Nana Li1, Jianyong Zhang1*, Peng Xu2* & Hong Zhang1,3*

Similar to global trends, the incidence rate of tuberculosis (TB) in China declined from 2000 to 2018. 
In this study, we aimed to evaluate TB trends in northern Guizhou Province and identify risk factors 
associated with rifampicin‑resistant (RR) and concurrent extrapulmonary TB (EPTB). We analyzed 
data of TB patients hospitalized in Affiliated Hospital of Zunyi Medical University from 2011 to 2018, 
and assessed correlations between demographic characteristics of patients and RR‑TB as well as 
concurrent EPTB. Our results showed that numbers of new, retreated, RR‑TB and concurrent EPTB 
cases increased gradually from 2011 to 2018. Retreated patients had the highest odds of RR‑TB but 
a lower likelihood of concurrent EPTB compared to new patients. Patients between 21 and 40 years 
of age had a higher likelihood of RR‑TB compared to those 20 years and younger. Female patients 
and patients from Bijie city as well as the Miao ethnic minority had higher odds of concurrent EPTB. 
In summary, our data demonstrate upward trends in new, rifampicin‑resistant and concurrent 
extrapulmonary TB cases in northern Guizhou Province of China, which should not be overlooked 
especially during and post the COVID‑19 pandemic because TB is a greater long‑term global health 
threat than COVID‑19.

As the leading infectious disease of the world, tuberculosis (TB) caused an estimated 1.2 million deaths among 
HIV-negative people globally in  20181, more than the deaths caused by annual influenza epidemics (290,000 to 
650,000) estimated by the World Health Organization (WHO) and the 2009 H1N1 influenza pandemic (151,700 
to 575,400) estimated by the Centers for Disease Control and Prevention (https:// www. cdc. gov/ flu/ pande mic- 
resou rces/ 2009- h1n1- pande mic. html). TB and malaria are considered to be greater long-term global health 
threats than the COVID-19  pandemic2. Among 7.25 million incident cases of TB reported to WHO in 2018, 15% 
were extrapulmonary TB (EPTB) and 2.6% were multidrug-resistant/rifampicin-resistant TB (MDR/RR-TB)1. 
Although global trends in the estimated number of all TB cases and the incidence rate continued to decline 
from 2000 to 2018, six of the 30 high TB burden countries (Bangladesh, Central African Republic, DPR Korea, 
DR Congo, Nigeria, and Papua New Guinea) showed no changes and two countries (Liberia and Mozambique) 
showed slightly upward trends in TB incidence rates during the same  period1. Downward trends were also 
reported in overall TB incidence rates in developed countries such as Japan from 1997 to  20163, Canada and 
the USA from 1997 to  20154; and in the MDR/RR-TB rate in foreign-born persons in Italy from 2009 to  20165.

China is one of the high TB/MDR-TB burden countries and the TB epidemic status mainly depends on 
regional geographic, socioeconomic, and cultural variations. The total TB incidence rate in China continu-
ously declined from > 100/100,000 in 2000 to 61/100,000 population in  20181, while similar declines were also 
observed in many provinces and cities of  China6–10. However, the TB incidence rate in Guizhou (133.5/100,000 
population), a relatively underdeveloped southwestern province of China (Fig. 1A), was approximately two times 
higher than the national average (63.4/100,000) and ranked third following Xinjiang (184.5/100,000) and Tibet 
(140.2/100,000) Autonomous Regions in  201511. The prevalence of drug-resistant TB (27.5%) and MDR-TB 
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(10.9%) in Guizhou Province was also higher than the average numbers in China and in the  world12. Analysis 
of 8 years of data from four provinces in western China showed that the overall incidence rate of pulmonary TB 
(PTB) in ethnic minority areas increased gradually from 114.4/100,000 in 2011 to 140.9/100,000 in  201813. Our 
previous study indicated that the trends in drug-resistant and MDR-TB declined at a major hospital in Guizhou 
Province from 2008 to  201514.

In order to enhance control strategies and improve treatment outcomes for RR-TB and EPTB, it is important 
to evaluate TB epidemic characteristics and trends in RR-TB and concurrent EPTB in high TB burden areas of 
Guizhou Province. The objectives of this study were to extend our previous study by analyzing data collected 
from 2011 to 2018 about inpatient TB cases at the same hospital; to evaluate the current TB trends and geo-
graphic variations in northern Guizhou Province of China; and to identify risk factors associated with RR-TB 
and concurrent EPTB.

Methods
Ethics approval. This observational retrospective study was approved by the Ethics Committee of Affiliated 
Hospital of Zunyi Medical University, China. Because diagnostic tests were routinely used in clinical practice 
and all individual patient information was removed before analysis, the Ethics Committee of Affiliated Hospital 
of Zunyi Medical University waived the requirement of informed consent from individual patients.

Data sources and procedures. This study was carried out at the Affiliated Hospital of Zunyi Medical 
University, which is a tertiary general hospital and one of the major medical centers within the healthcare sys-
tem of Guizhou Province. This hospital was designated by the provincial government in 2014 as a main part of 
a regional referral system specialized in the treatment of MDR-TB patients diagnosed at the hospital and those 
referred from primary/secondary level facilities in northern Guizhou Province, which consists of three prefec-
tural cities (Bijie, Tongren, and Zunyi) (Fig. 1B).

Demographic and clinical data of patients admitted to the TB Division of the hospital were collected and 
recorded from January 1, 2011 to December 31, 2018. The collected data were stored in the data center of our 
hospital, which included patient information (gender, age, ethnicity, and address), treatment history, PTB, con-
current EPTB, and drug susceptibility testing (DST) results. To ensure the data used in this study were anony-
mous, any information related to patient identity was filtered under the supervision of the data center manager. 

Figure 1.  Geographical locations of Guizhou Province of China and its prefectural cities. (A) The geographical 
location of Guizhou Province (dark green color) of China (light green color). (B) The geographical locations of 
three prefectural cities (Bijie, Tongren, and Zunyi) and other six cities or autonomous prefectures of Guizhou 
Province. (C) Number and percentage of TB cases in different administrative units of Zunyi city. The location 
of Affiliated Hospital of Zunyi Medical University is indicated with a red cross. The maps were created using 
GeoDa software (Version 1.14) downloaded from the GeoDa website (https:// geoda center. github. io). The map 
data of Guizhou Province of China and cities in Guizhou were from the GADM website (https:// gadm. org/).

https://geodacenter.github.io
https://gadm.org/
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Our collected addresses contained only names of cities or counties where patients lived, consequently, there was 
no way to find out patient identity without road names and street addresses. The criteria used to define active TB 
cases included clinical features, imaging results, and laboratory tests according to the health industry standards 
of China (WS 288–2008 and WS 288–2017). Diseases caused by nontuberculosis mycobacteria (NTM) were 
excluded from this study. To avoid duplication of cases, each patient was assigned a unique hospital admission 
number which was linked to patient’s National Identification Number or Social Security Number and used to 
organize all data including clinical records. We were not authorized to access the identity information of patients 
which was strictly controlled by the hospital and local governments.

Clinical isolates of M. tuberculosis (M. tb) were collected from sputum samples of TB or suspected TB patients 
as part of routine hospital laboratory procedures, and only one isolate per patient was collected to avoid duplica-
tion. Processing and inoculation of collected sputum specimens were performed at the Laboratory of Respiratory 
Medicine of the hospital by following the procedures recommended by WHO. The Laboratory was certified 
by the China CDC to conduct DST on TB isolates, and DST procedures were described  previously14,15. Four 
methods for M. tb detection and two methods for rifampicin (RIF) susceptibility testing were conducted in this 
study. GeneXpert MTB/RIF (Xpert) (Cepheid Inc.; Sunnyvale, CA, USA) and Loopamp MTBC Detection Kit 
(TB-LAMP) (Eiken Chemical Co.; Tokyo, Japan) were used in accordance with the manufacturer’s instructions. 
All methods used in this study were performed in accordance with the relevant guidelines and regulations.

Statistical analysis. We used Stata version 16.0 (StataCorp, College Station, Texas, USA) for statistical 
analyses of linear regression, univariate and multivariate logistic regression, and confidence intervals (CI). The 
trends of new, retreated, PTB, PTB concurrent with EPTB, rifampicin-susceptible and -resistant TB cases were 
analyzed by chi-square test. We created maps and annotated geographic and clinical data in those maps using 
GeoDa software (Version 1.14) downloaded from the GeoDa website (https:// geoda center. github. io). The map 
data of Guizhou Province of China and cities in Guizhou were from the GADM website (https:// gadm. org/), 
while the map of administrative units in Zunyi was modified according to the current administrative divisions.

Results
Among 11,610 TB cases collected from 2011 to 2018, 150 (1.3%) EPTB-only cases were excluded from this 
study because they were not common and the risk of transmission by EPTB-only patients was much lower than 
patients with PTB and PTB concurrent with EPTB. We analyzed 11,460 PTB cases, of which 98.9% (11,334) were 
from Guizhou Province, and 1.0% (116) from other provinces of China. The geographical locations of Guizhou 
Province and its prefectural cities were shown in Fig. 1. Among TB cases from Guizhou, 10,993 (97%) were from 
northern Guizhou, 8537 from Zunyi, 1325 from Tongren, and 1131 from Bijie (Fig. 1B, Table 1).

Overall, 7012 male (61.2%) and 4448 female (38.8%) TB patients were diagnosed, and 21.2% of male patients 
and 17.9% of female patients were retreated. Female patients had lower odds of being a retreated TB case (Odds 
ratio (OR) of 0.81) but higher odds of being a concurrent EPTB case (OR 1.28) than male patients. The population 
of Guizhou Province is composed of Han ethnicity, which makes up the majority of the population, and many 
ethnic minorities. In this study, the Han majority accounted for 88.9% of TB patients, while 17 ethnic minorities 
accounted for 11.1% of TB patients (Table 1). The top three ethnic minority groups were Tujia, Miao, and Kelao.

The majority of TB patients were over 18 years of age (94%), and 6% of them were between 11 and 17 (Median 
48 years, range 11–99). Compared to those 20 years and younger, patients in the 41–60 age group had the high-
est odds of having retreated TB (OR 4.07) and the lowest odds of having concurrent EPTB (OR 0.59). Patients 
from the Miao ethnic group had the highest likelihood of having EPTB (OR 1.49, P < 0.0001) in comparison with 
the Han majority. Additionally, patients from Bijie had the highest odds of having EPTB (OR 1.49, P < 0.0001) 
compared to those from Zunyi (Table 1).

We have used Xpert assay to simultaneously detect M. tuberculosis complex (MTBC) and RIF resistance 
since 2016, and have used TB-LAMP to detect MTBC since 2017. At least one of the four detection methods was 
applied to 98.5% (11,286/11,460) of cases with positive rates of 25.6% for AFB smear, 39.4% for bacterial culture, 
and 48.4% for Xpert. The percentage of positive PTB cases detected by any of the four methods was 35.4%. During 
the study period, the proportion of confirmed M. tb cases increased from 21.3% in 2012 to 34.7% in 2016. With 
the addition of Xpert and TB-LAMP, this proportion increased to over 49% in 2017 and 2018. Overall, 15.7% of 
tested cases for RIF were RR-TB (Table 2).

We conducted univariate and multivariate logistic regression analyses of risk variables for association with 
important TB characteristics such as retreated and RR-TB. As shown in Tables 1 and 2, patients from other cities 
(ORs between 1.29 and 1.49) had higher odds of having concurrent EPTB compared to those from Zunyi, and 
retreated patients had the highest odds (OR 5.42 and adjusted odds ratio (AOR) 5.17, P < 0.0001) of being RR-TB 
compared to new patients. Furthermore, patients between 21 and 40 years had a higher likelihood (OR 2.44, 
P < 0.0001; AOR 1.73, P = 0.021), while patients over 60 years had a lower likelihood of being RR-TB compared 
to those 20 years of age and younger. Patients with concurrent EPTB had lower odds of being RR-TB (OR 0.65, 
P = 0.001; AOR 0.73, P = 0.018) compared to PTB patients (Table 2).

To analyze the trends, we compared annual TB cases from 2011 to 2018. During the study period, the number 
of new TB cases increased 1.84 times, the number of retreated TB cases increased 1.21 times, and the number of 
concurrent EPTB cases increased 1.71 times (Table 3, Fig. 2). Overall, annual numbers of new, retreated, RR-TB, 
and concurrent EPTB cases increased from 2011 to 2018 in northern Guizhou Province of China; and the upward 
trends were statistically significant from 2015 to 2018 (P < 0.05) (Table 3, Fig. 2).

https://geodacenter.github.io
https://gadm.org/
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Discussion
Our study showed the overall upward trends in new, retreated, RR-TB and concurrent EPTB cases from 2011 
to 2018. However, results from analyzing annual proportions of these cases showed a fluctuant period (2011 to 
2015) and a steadily changing period (2015 to 2018), and that 15.7% of tested TB cases were RR-TB which was 
consistent with our previous  studies14–16. During the first period (2011 to 2015), the percentage of retreated TB 
cases declined initially and then increased, while those of new TB, RR-TB and concurrent EPTB cases increased 
initially and then declined. During the second period (2015 to 2018), the percentage of retreated TB cases 
declined continuously, but percentages of new and RR-TB cases increased, which was similar to a rising trend in 
RR-TB cases from 2005 to 2015 observed by Beijing Chest  Hospital17, from 2004 to 2019 in elderly TB patients in 
Shandong  Province18, and from 2010 to 2017 observed in Chongqing  City19. The upward trend in RR-TB cases 
would certainly hold back TB control efforts in northern Guizhou Province.

Three past achievements of our department which enhanced the brand awareness of the hospital might have 
indirectly influenced the fluctuation in percentages of RR-TB and concurrent EPTB cases from 2011 to 2015. 
First, our department was designated by the provincial government as the “Key Clinical Department of Guizhou 
Province” in 2011. Second, our department received grants from the “Global Fund” and “National Science 
and Technology Major Projects” to support patients with MDR/RR-TB to receive standardized diagnosis and 
treatment between 2011 and 2013. Third, our hospital was designated by the provincial government in 2014 as 
a specialized hospital for MDR-TB patients. Consequently, more patients with RR-TB, concurrent EPTB, and 
complex diseases were referred to our hospital from 2011 to 2015. These effects gradually stabilized over the 
time; therefore, we think that the period from 2015 to 2018 would reflect more practically the current TB trends 
in northern Guizhou Province of China.

Table 1.  Univariate logistic regression analysis of characteristics of TB patients in association with treatment 
history and TB type. CI confidence interval, EPTB extrapulmonary TB, GZ Guizhou province, N/A not 
applicable, OR odds ratio, PTB pulmonary TB, PTB & EPTB pulmonary TB concurrent with EPTB.

Characteristics New, n (%)
Retreated, 
n (%) OR (95% CI) P value PTB, n (%)

PTB & 
EPTB, n 
(%)

OR (95% 
CI) P value Total

Gender

Male 5526 (78.8) 1486 (21.2) 1.00 N/A 4377 (62.4) 2635 (37.6) 1.00 N/A 7012

Female 3654 (82.1) 794 (17.9) 0.81 
(0.73–0.89)  < 0.0001 2511 (56.5) 1937 (43.5) 1.28 

(1.19–1.38)  < 0.001 4448

Age (years)

≤ 20 1398 (92.3) 117 (7.7) 1.00 N/A 775 (51.2) 740 (48.8) 1.00 N/A 1515

21–40 2429 (82.0) 535 (18.0) 2.63 
(2.13–3.25)  < 0.0001 1849 (62.4) 1115 (37.6) 0.63 

(0.56–0.72)  < 0.0001 2964

41–60 2528 (74.6) 861 (25.4) 4.07 
(3.32–4.99)  < 0.0001 2164 (63.9) 1225 (36.1) 0.59 

(0.52–0.67)  < 0.0001 3389

> 60 2825 (78.6) 767 (21.4) 3.24 
(2.64–3.98)  < 0.0001 2100 (58.5) 1492 (41.5) 0.74 

(0.66–0.84)  < 0.0001 3592

Ethnicity

Han 8172 (80.2) 2015 (19.8) 1.00 N/A 6151 (60.4) 4036 (39.6) 1.00 N/A 10,187

Tujia 395 (77.5) 115 (22.5) 1.18 
(0.95–1.46) 0.127 313 (61.4) 197 (38.6) 0.96 

(0.80–1.15) 0.655 510

Miao 265 (79.3) 69 (20.7) 1.06 
(0.81–1.38) 0.692 169 (50.6) 165 (49.4) 1.49 

(1.20–1.85)  < 0.0001 334

Kelao 221 (83.4) 44 (16.6) 0.81 
(0.58–1.12) 0.202 164 (61.9) 101 (38.1) 0.94 

(0.73–1.21) 0.621 265

Others 127 (77.4) 37 (22.6) 1.18 
(0.82–1.71) 0.376 91 (55.5) 73 (44.5) 1.22 

(0.90–1.67) 0.205 164

City (n = 11,448)

Zunyi 6887 (80.7) 1650 (19.3) 1.00 N/A 5305 (62.1) 3232 (37.9) 1.00 N/A 8537

Tongren 1014 (76.5) 311 (23.5) 1.28 
(1.12–1.47)  < 0.0001 733 (55.3) 592 (44.7) 1.33 

(1.18–1.49)  < 0.0001 1325

Bijie 910 (80.5) 221 (19.5) 1.01 
(0.87–1.19) 0.865 593 (52.4) 538 (47.6) 1.49 

(1.31–1.69)  < 0.0001 1131

Other GZ cities 264 (77.9) 75 (22.1) 1.19 
(0.91–1.54) 0.202 181 (53.4) 158 (46.6) 1.43 

(1.15–1.78) 0.001 339

Outside GZ 95 (81.9) 21 (18.1) 0.92 
(0.57–1.48) 0.740 65 (56.0) 51 (44.0) 1.29 

(0.89–1.86) 0.179 116

Treatment history

New N/A N/A N/A N/A 5367 (58.5) 3813 (41.5) 1.00 N/A 9180

Retreated N/A N/A N/A N/A 1521 (66.7) 759 (33.3) 0.70 
(0.64–0.77)  < 0.0001 2280

Total 9180 (80.1) 2280 (19.9) N/A N/A 6888 (60.1) 4572 (39.9) N/A N/A 11,460
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Table 2.  Univariate and multivariate logistic regression analyses of characteristics of TB patients in association 
with rifampicin resistance. AOR adjusted odds ratio, CI confidence interval, EPTB extrapulmonary TB, GZ 
Guizhou province, N/A not applicable, OR odds ratio, PTB pulmonary TB, PTB & EPTB pulmonary TB 
concurrent with EPTB, RR-TB rifampicin-resistant TB, RS-TB rifampicin-susceptible TB.

Characteristics RS-TB, n (%) RR-TB, n (%) Total OR (95% CI), P value AOR (95% CI), P value

Gender

Male 1150 (83.7) 224 (16.3) 1374 1.00 1.00

Female 712 (85.4) 122 (14.6) 834 0.88 (0.69–1.12), 0.294 0.95 (0.73–1.23), 0.682

Age (years)

 ≤ 20 217 (88.9) 27 (11.1) 244 1.00 1.00

21–40 432 (76.7) 131 (23.3) 563 2.44 (1.56–3.80), < 0.0001 1.73 (1.09–2.76), 0.021

41–60 580 (82.0) 127 (18.0) 707 1.76 (1.13–2.74), 0.013 1.11 (0.70–1.78), 0.652

 > 60 633 (91.2) 61 (8.8) 694 0.77 (0.48–1.25), 0.295 0.54 (0.33–0.89), 0.016

Ethnicity

Han 1580 (84.5) 290 (15.5) 1870 1.00 1.00

Tujia 116 (85.3) 20 (14.7) 136 0.94 (0.58–1.53), 0.803 1.27 (0.62–2.59), 0.509

Miao 76 (82.6) 16 (17.4) 92 1.15 (0.66–1.99), 0.627 0.76 (0.41–1.41), 0.384

Kelao 55 (83.3) 11 (16.7) 66 1.09 (0.56–2.11), 0.799 0.99 (0.54–1.82), 0.974

Other minorities 35 (79.5) 9 (20.5) 44 1.40 (0.67–2.95), 0.374 1.01 (0.44–2.31), 0.981

City (n = 2207)

Zunyi 1369 (85.1) 239 (14.9) 1608 1.00 1.00

Tongren 233 (81.5) 53 (18.5) 286 1.30 (0.94–1.81), 0.114 1.44 (0.95–2.20), 0.088

Bijie 177 (83.1) 36 (16.9) 213 1.17 (0.79–1.71), 0.435 1.10 (0.72–1.68), 0.653

Other cities of GZ 66 (80.5) 16 (19.5) 82 1.39 (0.79–2.44), 0.253 1.13 (0.61–2.09), 0.696

Cities outside GZ 16 (88.9) 2 (11.1) 18 0.72 (0.16–3.13), 0.657 0.91 (0.19–4.30), 0.908

Treatment history

New 1479 (91.1) 144 (8.9) 1623 1.00 1.00

Retreated 383 (65.5) 202 (34.5) 585 5.42 (4.25–6.90), < 0.0001 5.17 (4.02–6.63), < 0.0001

TB type

PTB 1127 (82.3) 243 (17.7) 1370 1.00 1.00

PTB & EPTB 735 (87.7) 103 (12.3) 838 0.65 (0.51–0.83), 0.001 0.73 (0.56–0.95), 0.018

Total 1862 (84.3) 346 (15.7) 2208 N/A N/A

Table 3.  Annual numbers and percentages of new, retreated, PTB, concurrent EPTB, tested for RR, RS-TB and 
RR-TB cases from 2011 to 2018. EPTB extrapulmonary TB, PTB pulmonary TB, PTB & EPTB pulmonary TB 
concurrent with EPTB, RR rifampicin resistance, RR-TB rifampicin-resistant TB, RS-TB rifampicin-susceptible 
TB.

Year
Total 
cases

New, n 
(%)

Retreated, 
n (%)

Chi-square test for 
trend, P value

PTB, n 
(%)

PTB & 
EPTB,
n (%)

Chi-square test
for trend, P value Cases 

tested 
for RR, n 
(%)

RS-TB, n 
(%)

RR-TB, n 
(%)

Chi-square test for 
trend, P value

2011–
2018

2015–
2018

2011–
2018

2015–
2018

2011–
2018

2015–
2018

2011 759 588 (77.5) 171 (22.5)

0.2017

500 (65.9) 259 (34.1)

 < 0.0001

89 (11.7) 81 (91.0) 8 (9.0)

0.4189

2012 920 730 (79.3) 190 (20.7) 560 (60.9) 360 (39.1) 24 (2.6) 19 (79.2) 5 (20.8)

2013 1215 1012 
(83.3) 203 (16.7) 643 (52.9) 572 (47.1) 87 (7.2) 70 (80.5) 17 (19.5)

2014 1571 1251 
(79.6) 320 (20.4) 831 (52.9) 740 (47.1) 188 (12.0) 151 (80.3) 37 (19.7)

2015 1558 1221 
(78.4) 337 (21.6)

0.0122

940 (60.3) 618 (39.7)

0.0012

242 (15.5) 211 (87.2) 31 (12.8)

0.0486
2016 1617 1283 

(79.3) 334 (20.7) 991 (61.3) 626 (38.7) 343 (21.2) 295 (86.0) 48 (14.0)

2017 1771 1424 
(80.4) 347 (19.6) 1075 

(60.7) 696 (39.3) 537 (30.3) 459 (85.5) 78 (14.5)

2018 2049 1671 
(81.6) 378 (18.4) 1348 

(65.8) 701 (34.2) 698 (34.1) 576 (82.5) 122 (17.5)
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The proportion of laboratory confirmed TB cases had increased from 2011 to 2018, especially in recent years 
with the addition of molecular tests, indicating a continuous improvement in diagnosis of TB. The higher pro-
portion of laboratory confirmed TB cases also provided more isolates for DST, resulting in improved treatment 
outcomes. The percentage of retreated TB cases is an important indicator of treatment outcomes. Data from the 
Fifth National TB Epidemiological Survey (2010) showed that percentages of retreated TB cases in both urban 
and rural areas of western China were higher than those in eastern and central regions of  China20. However, the 
percentage of retreated TB cases from this study (20%) was slightly lower than that of China (21%). A steady 
downward trend in the annual percentage of retreated TB cases from 21.6% (2015) to 18.4% (2018) showed 
improved treatment success rates in the region and indicated that the increasing number of total TB cases was 
mainly caused by primary transmission rather than treatment failure.

Retreatment, RR-TB and EPTB are negative factors affecting the treatment outcome and prognosis of patients. 
Previous treatment history has been a well-known risk factor associated with drug-resistant TB including 
RR-TB21–23. Our result that patients between 21 and 40 years of age had higher odds of being RR-TB compared 
to those 20 years and younger was consistent with past  studies21,24,25. However, more studies would be needed 
to verify our result that patients over 60 years had the lowest likelihood of being RR-TB compared to those in 
other age groups, since the difference was not statistically significant.

Previous studies considered ≥ 45 years of age, female gender, HIV-positive, and the end-stage rental disease as 
risk factors for  EPTB26–28. However, our study showed that female gender and ≤ 20 years of age were more likely 
to have concurrent EPTB, which were consistent with reports from high-burden countries such as Nepal, China 
and  Pakistan29–31. Our result that patients with concurrent EPTB had lower odds of being RR-TB was consistent 
with past  studies32. One possible explanation is that most concurrent EPTB cases in our study were new cases 
which were less likely to be associated with RR-TB. Among different ethnic groups, patients from the Miao 
ethnic group had the highest likelihood of having EPTB in comparison with the Han majority, which might be 
better explained by geographic, socioeconomic, and systemic factors. Our study also showed that retreated and 
RR-TB cases were correlated with each other but they were less likely to be associated with concurrent EPTB.

Our study has a few potential limitations. First, hospitalized patients tend to be more serious and patients 
attending the University Hospital may be more prestigious or wealthy than outpatients, therefore, actual propor-
tions of retreated, RR-TB and concurrent EPTB cases in northern Guizhou Province might be lower than what 
we reported here, but trends in the region should remain the same. Similarly, Beijing Chest Hospital reported 
the RR-TB proportion of 30.5% in  201233, which was higher than the national average. Second, due to the lim-
ited scope of the assay, the GeneXpert MTB/RIF cannot detect uncommon mutations in the rpoB gene such as 
the Ile572Phe (Ile491Phe in the M. tb numbering system) mutation, especially in geographical locations where 
this mutation is  frequent34,35. Therefore, the actual proportion of RR-TB could be slightly higher than what we 
observed in this study. Third, the findings of this study were based only on the data from one major hospital in 
northern Guizhou province and should not be used to represent the entire Guizhou province because of limita-
tions related to access to the data for the entire province.

Figure 2.  Annual numbers of total, new, retreated, pulmonary, and concurrent extrapulmonary TB cases from 
2011 to 2018 with 95% confidence intervals.
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In conclusion, our findings show upward trends in new, RR-TB, and concurrent EPTB cases in northern 
Guizhou Province of China, indicating that trends in RR-TB and concurrent EPTB could go up or down spo-
radically in some regions of high TB burden countries, even though overall trends in TB cases continued to 
decline for the past 20 years in most of the 30 high TB burden countries. To achieve the 2030 targets of the End 
TB Strategy to reduce the number of TB deaths by 90% and the TB incidence rate by 80% in comparison with 
levels in 2015, it will be important to enhance TB control programs in regions of the high TB burden countries 
with upward trends in RR-TB and concurrent EPTB cases. The TB experts who work with governments and 
international organizations should make specific recommendations to help high TB burden countries to decide 
which policies they should implement according to their own missions and capabilities.

Received: 7 April 2021; Accepted: 19 August 2021

References
 1. World Health Organization. Global Tuberculosis Report 2019. Licence: CCBY-NC-SA3.0IGO (World Health Organization, Geneva, 

Switzerland, 2019).
 2. The Lancet Infectious Diseases. Tuberculosis and malaria in the age of COVID-19. Lancet Infect. Dis. 21, 1. https:// doi. org/ 10. 

1016/ S1473- 3099(20) 30946-4 (2021).
 3. Hagiya, H. et al. Trends in incidence and mortality of tuberculosis in Japan: A population-based study, 1997–2016. Epidemiol. 

Infect. 147, e38. https:// doi. org/ 10. 1017/ S0950 26881 80029 0X (2018).
 4. Essien, S. K., Epp, T., Waldner, C., Wobeser, W. & Hoeppner, V. Tuberculosis in Canada and the United States: A review of trends 

from 1953 to 2015. Can. J. Public Health 110, 697–704. https:// doi. org/ 10. 17269/ s41997- 019- 00236-x (2019).
 5. Mustazzolu, A. et al. Trend in rifampicin-, multidrug- and extensively drug-resistant tuberculosis in Italy, 2009–2016. Eur. Respir. 

J. 52, 1800070. https:// doi. org/ 10. 1183/ 13993 003. 00070- 2018 (2018).
 6. Zheng, Y., Zhang, L., Wang, L. & Rifhat, R. Statistical methods for predicting tuberculosis incidence based on data from Guangxi, 

China. BMC Infect. Dis. 20, 300. https:// doi. org/ 10. 1186/ s12879- 020- 05033-3 (2020).
 7. Liu, K. et al. Identification and prediction of tuberculosis in eastern China: Analyses from 10-year population-based notification 

data in Zhejiang Province, China. Sci. Rep. 10, 7425. https:// doi. org/ 10. 1038/ s41598- 020- 64387-5 (2020).
 8. Liu, Q. et al. Forecasting the seasonality and trend of pulmonary tuberculosis in Jiangsu Province of China using advanced statisti-

cal time-series analyses. Infect. Drug Resist. 12, 2311–2322. https:// doi. org/ 10. 2147/ IDR. S2078 09 (2019).
 9. Li, T. et al. Evidence for heterogeneity in China’s progress against pulmonary tuberculosis: Uneven reductions in a major center 

of ongoing transmission, 2005–2017. BMC Infect. Dis. 19, 615. https:// doi. org/ 10. 1186/ s12879- 019- 4262-2 (2019).
 10. Wu, B. et al. Epidemiology of tuberculosis in Chongqing, China: A secular trend from 1992 to 2015. Sci. Rep. 7, 7832. https:// doi. 

org/ 10. 1038/ s41598- 017- 07959-2 (2017).
 11. Chen, W., Xia, Y. Y., Li, T. & Chen, H. Analysis for the global and China TB epidemic situations in 2015. J. Tuberc. Lung Health 5, 

32–36 (2016) (in Chinese).
 12. He, Y. Y., Yuan, W. & Chen, H. J. An analysis on the epidemic characteristics of tuberculosis drug resistance in Guizhou province. 

Stud. Trace Elem. Health 35, 50–52 (2018).
 13. Yang, L., Li, T. & Chen, W. Epidemic of pulmonary tuberculosis in minority ethnic areas included in health poverty alleviation 

project in four provinces in western China from 2011 to 2018. Dis. Surveill. 35, 60–64 (2020).
 14. Lan, Y., Li, Y., Chen, L., Zhang, J. & Zhang, H. Drug resistance profiles and trends in drug-resistant tuberculosis at a major hospital 

in Guizhou Province of China. Infect. Drug Resist. 12, 211–219. https:// doi. org/ 10. 2147/ IDR. S1885 38 (2019).
 15. Li, N. et al. Antibiotic susceptibility patterns of Mycobacterium tuberculosis isolates from Guizhou Province of China against 13 

antituberculosis drugs. Microb. Drug Resist. 21, 292–296. https:// doi. org/ 10. 1089/ mdr. 2014. 0094 (2015).
 16. Chen, L., Li, N., Liu, M., Zhang, J. & Zhang, H. High prevalence of multidrug-resistant tuberculosis in Zunyi, Guizhou Province 

of China. J. Antimicrob. Chemother. 66, 2435–2437. https:// doi. org/ 10. 1093/ jac/ dkr319 (2011).
 17. Huo, F. et al. A 10-year comparative analysis shows that increasing prevalence of rifampin-resistant Mycobacterium tuberculosis 

in China is associated with the transmission of strains harboring compensatory mutations. Antimicrob. Agents Chemother. 62, 
e02303-e2317. https:// doi. org/ 10. 1128/ AAC. 02303- 17 (2018).

 18. An, Q. et al. Primary drug-resistance pattern and trend in elderly tuberculosis patients in Shandong, China, from 2004 to 2019. 
Infect. Drug Resist. 13, 4133–4145. https:// doi. org/ 10. 2147/ IDR. S2772 03 (2020).

 19. Wu, B., Yu, Y., Du, C., Liu, Y. & Hu, D. Epidemiology of drug-resistant tuberculosis in Chongqing, China: A retrospective obser-
vational study from 2010 to 2017. PLoS ONE 14, e0216018. https:// doi. org/ 10. 1371/ journ al. pone. 02160 18 (2019).

 20. Technical Guidance group of the Fifth National TB Epidemiological Survey & The Office of the Fifth National TB Epidemiological 
Survey. The fifth national tuberculosis epidemiological survey in 2010. Chin. J. Antituberc. 34, 485–508 (2012).

 21. Goyal, V., Kadam, V., Narang, P. & Singh, V. Prevalence of drug-resistant pulmonary tuberculosis in India: Systematic review and 
meta-analysis. BMC Public Health 17, 817. https:// doi. org/ 10. 1186/ s12889- 017- 4779-5 (2017).

 22. Pradipta, I. S., Forsman, L. D., Bruchfeld, J., Hak, E. & Alffenaar, J. W. Risk factors of multidrug-resistant tuberculosis: A global 
systematic review and meta-analysis. J. Infect. 77, 469–478. https:// doi. org/ 10. 1016/j. jinf. 2018. 10. 004 (2018).

 23. Feng, M. et al. Risk factors of multidrug-resistant tuberculosis in China: A meta-analysis. Public Health Nurs. 36, 257–269. https:// 
doi. org/ 10. 1111/ phn. 12582 (2019).

 24. Mesfin, E. A. et al. Drug resistance patterns of Mycobacterium tuberculosis strains and associated risk factors among multi drug-
resistant tuberculosis suspected patients from Ethiopia. PLoS ONE 13, e0197737. https:// doi. org/ 10. 1371/ journ al. pone. 01977 37 
(2018).

 25. Worku, Y., Getinet, T., Mohammed, S. & Yang, Z. Drug-resistant tuberculosis in Ethiopia: Characteristics of cases in a referral 
hospital and the implications. Int. J. Mycobacteriol. 7, 167–172. https:// doi. org/ 10. 4103/ ijmy. ijmy_ 48_ 18 (2018).

 26. Qian, X. et al. Risk factors for extrapulmonary dissemination of tuberculosis and associated mortality during treatment for 
extrapulmonary tuberculosis. Emerg. Microbes Infect. 7, 102. https:// doi. org/ 10. 1038/ s41426- 018- 0106-1 (2018).

 27. Ohene, S.-A. et al. Extra-pulmonary tuberculosis: A retrospective study of patients in Accra, Ghana. PLoS ONE 14, e0209650. 
https:// doi. org/ 10. 1371/ journ al. pone. 02096 50 (2019).

 28. Alemu, A. et al. Incidence and predictors of extrapulmonary tuberculosis among people living with human immunodeficiency 
virus in Addis Ababa, Ethiopia: A retrospective cohort study. PLoS ONE 15, e0232426. https:// doi. org/ 10. 1371/ journ al. pone. 02324 
26 (2020).

 29. Sreeramareddy, C. T., Panduru, K. V., Verma, S. C., Joshi, H. S. & Bates, M. N. Comparison of pulmonary and extrapulmonary 
tuberculosis in Nepal—A hospital-based retrospective study. BMC Infect. Dis. 8, 8. https:// doi. org/ 10. 1186/ 1471- 2334-8-8 (2008).

 30. Pang, Y. et al. Epidemiology of extrapulmonary tuberculosis among inpatients, China, 2008–2017. Emerg. Infect. Dis. 25, 457–464. 
https:// doi. org/ 10. 3201/ eid25 03. 180572 (2019).

https://doi.org/10.1016/S1473-3099(20)30946-4
https://doi.org/10.1016/S1473-3099(20)30946-4
https://doi.org/10.1017/S095026881800290X
https://doi.org/10.17269/s41997-019-00236-x
https://doi.org/10.1183/13993003.00070-2018
https://doi.org/10.1186/s12879-020-05033-3
https://doi.org/10.1038/s41598-020-64387-5
https://doi.org/10.2147/IDR.S207809
https://doi.org/10.1186/s12879-019-4262-2
https://doi.org/10.1038/s41598-017-07959-2
https://doi.org/10.1038/s41598-017-07959-2
https://doi.org/10.2147/IDR.S188538
https://doi.org/10.1089/mdr.2014.0094
https://doi.org/10.1093/jac/dkr319
https://doi.org/10.1128/AAC.02303-17
https://doi.org/10.2147/IDR.S277203
https://doi.org/10.1371/journal.pone.0216018
https://doi.org/10.1186/s12889-017-4779-5
https://doi.org/10.1016/j.jinf.2018.10.004
https://doi.org/10.1111/phn.12582
https://doi.org/10.1111/phn.12582
https://doi.org/10.1371/journal.pone.0197737
https://doi.org/10.4103/ijmy.ijmy_48_18
https://doi.org/10.1038/s41426-018-0106-1
https://doi.org/10.1371/journal.pone.0209650
https://doi.org/10.1371/journal.pone.0232426
https://doi.org/10.1371/journal.pone.0232426
https://doi.org/10.1186/1471-2334-8-8
https://doi.org/10.3201/eid2503.180572


8

Vol:.(1234567890)

Scientific Reports |        (2021) 11:18023  | https://doi.org/10.1038/s41598-021-97595-8

www.nature.com/scientificreports/

 31. Tahseen, S. et al. Extrapulmonary tuberculosis in Pakistan—A nation-wide multicenter retrospective study. PLoS ONE 15, 
e0232134. https:// doi. org/ 10. 1371/ journ al. pone. 02321 34 (2020).

 32. Peto, H. M., Pratt, R. H., Harrington, T. A., LoBue, P. A. & Armstrong, L. R. Epidemiology of extrapulmonary tuberculosis in the 
United States, 1993–2006. Clin. Infect. Dis. 49, 1350–1357. https:// doi. org/ 10. 1086/ 605559 (2009).

 33. Yin, Q. Q. et al. Prevalence and molecular characteristics of drug-resistant Mycobacterium tuberculosis in Beijing, China: 2006 
versus 2012. BMC Microbiol. 16, 85. https:// doi. org/ 10. 1186/ s12866- 016- 0699-2 (2016).

 34. Makhado, N. A. et al. Outbreak of multidrug-resistant tuberculosis in South Africa undetected by WHO-endorsed commercial 
tests: An observational study. Lancet Infect. Dis. 18, 1350–1359. https:// doi. org/ 10. 1016/ S1473- 3099(18) 30496-1 (2018).

 35. Zhao, Z. L., Chen, L. & Zhang, H. Successful treatment of a multidrug-resistant tuberculosis patient with a negative Xpert MTB/
RIF test for rifampicin-resistant tuberculosis in Guizhou Province of China: A case report. Infect. Drug Resist. 13, 1351–1355. 
https:// doi. org/ 10. 2147/ IDR. S2452 19 (2020).

Acknowledgements
This work was funded by the National Natural Science Foundation of China (Grant Numbers 81160003, 81360002 
and 81760003), the 4th Talented Individual Base for Infectious Disease Prevention and Control in Guizhou 
Province (Qian 2013–15), and the 2nd 2011 Collaborative Innovation Center for TB Prevention and Cure in 
Guizhou Province. The sponsors played no role in the collection, analysis and interpretation of data; in writing 
the manuscript; and in the decision to submit the article for publication. We thank all clinical and laboratory 
staff from our department for their contributions in collecting clinical data and specimens from patients, culture 
of M. tb isolates and performing drug susceptibility testing for this study.

Author contributions
L.C., J.Z., P.X. and H.Z. conceived and designed the study. All authors were involved in collection, analysis or 
interpretation of the data. L.C. and P.X. wrote the draft manuscript. L.C., P.X. and H.Z. contributed substan-
tially to the preparation of tables and figures, and to the critical revision of the manuscript. All authors read and 
approved the final version for submission.

Competing interests 
All authors except HZ report no potential conflicts. HZ is employed by and has shares in Z-BioMed, Inc.

Additional information
Correspondence and requests for materials should be addressed to J.Z., P.X. or H.Z.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2021

https://doi.org/10.1371/journal.pone.0232134
https://doi.org/10.1086/605559
https://doi.org/10.1186/s12866-016-0699-2
https://doi.org/10.1016/S1473-3099(18)30496-1
https://doi.org/10.2147/IDR.S245219
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Upward trends in new, rifampicin-resistant and concurrent extrapulmonary tuberculosis cases in northern Guizhou Province of China
	Methods
	Ethics approval. 
	Data sources and procedures. 
	Statistical analysis. 

	Results
	Discussion
	References
	Acknowledgements


