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Objective: To understand the trend of overall rifampicin resistance rates for tuberculosis in Zhejiang Province between 2015 and 2019.

Methods: The basic demographic information of patients with tuberculosis who were screened for drug resistance in Zhejiang
Province between January 1, 2015 and December 31, 2019 was collected through the national Tuberculosis Information Management
System. The data were processed and analyzed using IBM SPSS 26.0 and GeoDa 1.14 software.

Results: The total rifampicin resistance rate was 5.9% in 53,893 validated cases of drug resistance screening conducted in patients
with pulmonary tuberculosis in Zhejiang Province during the study period. There was a decreasing trend in the rifampicin resistance
rate in both initial and re-treated patients (P<0.001), but the rifampicin resistance rate was higher in re-treated TB patients than in TB
patients receiving their initial treatment (11.4% vs 4.2%). The rate of drug resistance steadily decreased in all prefectures, and there
was a significant upward trend in the use of the Xpert MTB/RIF rapid assay. An increasing trend was also identified in the rate of
rifampicin and ofloxacin co-resistance (P<0.001).

Conclusion: The overall rate of rifampin resistance in patients with tuberculosis in Zhejiang Province in the past five years has shown
a decreasing trend, but the rate of resistance to ofloxacin was high. Resistance testing to fluoroquinolones should be carried out as early
as possible in patients whose diagnosis results indicate rifampin resistance, and more effective second-line treatment plans should be
developed based on the results of this testing.
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Introduction

Tuberculosis (TB) is a chronic infectious disease caused by Mycobacterium tuberculosis. It remains one of the major
diseases threatening public health globally. Multidrug-resistant tuberculosis (MDR-TB) refers to Mycobacterium tuber-
culosis that is resistant to at least isoniazid and rifampicin. According to the Global Tuberculosis Report released by the
World Health Organization (WHO), there were 16,343 multidrug-resistant/rifampicin-resistant tuberculosis (MDR/RR-
TB) patients in China in 2020." The development of drug resistance in patients may be caused by irregular drug use or
acquired after exposure to drug-resistant Mycobacterium tuberculosis. Studies have shown that in Shanghai, 73% of
MDR-TB is caused by the transmission of MDR-TB between patients.” Rifampicin resistance is the main factor
influencing the outcome of anti-tuberculosis treatment. Typically, over 80% of rifampicin-resistant strains are also
resistant to isoniazid, so rifampicin resistance is gradually becoming a marker of multidrug-resistant tuberculosis.> The

treatment of drug-resistant TB is more complicated and requires a longer regimen than that of drug-sensitive TB. Drug-
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resistant TB is a challenge to the prevention and control of TB worldwide, especially in low- and middle-income
countries.

China has a high burden of tuberculosis relative to other countries worldwide, and the number of tuberculosis cases in
China is second only to India.! There is still a long way to go towards the goal of ending TB. The TB epidemic status
crucially depends on regional geographic, socioeconomic, and cultural variations.* Therefore, the prevalence of tubercu-
losis in different regions also varies. For example, in Shandong Province in northern China, the rifampicin-resistance rate
in newly diagnosed tuberculosis cases was 4.43%, while the rifampicin-resistance rate in retreated patients was 11.26%.’
Between 2012 and 2019, the rifampicin-resistance rate in Dalian City decreased from 14.59% to 7.31% in newly treated
patients and from 52.44% to 15.15% in retreated patients.® In southern China’s Guizhou province, the rate of rifampicin
resistance has shown an upward trend, from 12.8% in 2015 to 17.5% in 2018.% In other countries, such as Uganda, the
rate of rifampicin resistance was 10.2% in newly treated patients and 23.5% in re-treated patients in 2018-2019.7 In
Ethiopia, the laboratory-detected rifampicin resistance rate was 6.3%.% As a representative province in eastern China,
Zhejiang Province also has its own unique TB drug resistance rate. A study of drug resistance based on a random sample
of 30 sites in Zhejiang Province showed that from 1998 to 2013, the rate of rifampicin resistance in newly diagnosed
patients decreased from 6.3% to 5.2% and that in previously treated patients decreased from 43.9% to 29.4%.° From
2013 to 2014, the total drug resistance rate for tuberculosis was 30.88%, based on the results of all drug resistance
screening in Zhejiang Province. The prevalence of rifampicin resistance in patients receiving initial TB treatment was
4.39%, and the prevalence of rifampicin resistance in retreated TB patients was 24.47%.'® However, the prevalence of
rifampicin resistance and its changing trends have not been studied in recent years, which has prevented us from knowing
the effectiveness of prevention and control methods during this time period. The aim of this study was to analyze the
prevalence of RR-TB using the TB case cohort screened and registered in Zhejiang province between 2015 and 2019.
Through an analysis of the epidemiological characteristics and trends of rifampicin-resistance rates, we aimed to provide
an evidence base for the assessment of existing TB interventions and a guide for future TB control in eastern China.

Methods
Study Setting

Zhejiang Province is located in the Yangtze River Delta region in eastern China and includes 11 prefectures and 90
county-level administrative regions. It is a province with a relatively good economic development in China, with
a permanent population of more than 60 million."' In 2014, Zhejiang Province started to establish a MDR-TB prevention
and control system with the support of the Zhejiang Provincial Financial MDR-TB Special Fund. Until 2016, molecular
or cultural drug susceptibility screening was carried out mainly for patients with TB at high-risk of drug resistance, but
gradually expanded to include standard patients with TB. Since the launch of the “National Health Commission of China-
Bill & Melinda Gates Foundation TB Project” in 2017, all laboratory-confirmed tuberculosis patients are referred to
undergo Xpert MTB/RIF at the county level TB labs and/or Drug Susceptible Test (DST) at prefecture-level labs. The
patients’ screening information is reported in the national Tuberculosis Information Management System (TBIMS). If
diagnosed with RR-TB, these patients are registered as such in the TBIMS database for diagnosed RR-TB patients.'?
Therefore, not only high-risk groups are screened for drug resistance; infectious patients with initial positive bacterial test
results have gradually become the subjects of drug resistance screening.

Data Sources and Population

This study was a retrospective study based on TBIMS data. Routine information on tuberculosis detection and manage-
ment was collected through the TBIMS, including information on TB patients that had completed rifampicin suscept-
ibility testing that was reported in the 11 prefectures in Zhejiang Province (Hangzhou, Huzhou, Jiaxing, Jinhua, Lishui,
Ningbo, Quzhou, Shaoxing, Taizhou, Wenzhou, and Zhoushan). Inclusion criteria: There were 56,030 TB patients with
suspected drug-resistant tuberculosis and high-risk retreatment tuberculosis patients registered in TBIMS of Zhejiang
Province between January 1, 2015 and December 31, 2019. Exclusion criteria: 2137 cases of non-tuberculous
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Mycobacterium were excluded. Finally, a total of 53,893 cases were included for analysis, including their basic
demographic information and drug sensitivity test outcomes.

Definition of Related Terms
Rifampicin-resistant tuberculosis (RR-TB): Mycobacterium tuberculosis that is resistant to rifampicin regardless of
whether it is resistant to other anti-TB drugs.

Initial treatment: Patients who have never been treated with anti-tuberculosis drugs for tuberculosis in the past; or
those who are taking regular drugs with standard chemotherapy regimens for less than one month; or those who have had
irregular chemotherapy for less than one month.

Retreatment: Patients who have been treated with anti-tuberculosis drugs irregularly for more than 1 month; or
patients who have failed initial treatment.

Rapid test method: The rapid test method refers to Xpert MTB/RIF technology, which has been recommended as
a rapid molecular test to detect Mycobacterium tuberculosis and rifampin resistance mutations by the WHO since 2011."
This molecular technique features a rapid, fully-automated system with high accuracy compared to traditional phenotypic
DST,'* and it has been shown to increase the detection of RR-TB two-to-eight fold in recent years.'>

Conventional test method: All positive Mycobacterium tuberculosis isolates were transported to prefecture-level
laboratories for conventional DST. Indirect drug susceptibility of the culture-positive isolates was detected by the
proportion method according to the recommendation of the WHO. Sputum samples were added to the liquid medium
for culture and if no bacteria appeared by week 8, the results were recorded as negative. If bacteria were present, the
result was recorded as positive. Indirect drug susceptibility of the culture-positive isolates was detected by the proportion.
The concentrations of the four first-line anti-tuberculosis drugs were determined by the proportional method as follows:
0.2 pg/mL for isoniazid, 4 pg/mL for streptomycin, 40 pg/ mL for rifampicin, and 2 pg/mL for ethambutol. The strain
was declared resistant to the corresponding drug when the growth rate was higher than 1% compared to the control. This
approach usually takes 2 to 3 months and can have a serious impact on the timely diagnosis of drug-resistant TB.

Data Analysis

The basic information, clinical data, and drug susceptibility results of the research subjects were obtained from the
TBIMS and then imported into SPSS 24.0 (IBM SPSS Statistics for Windows, Version 24.0; IBM Corp., Armonk, NY,
USA) for statistical analysis, and the count data were represented by the composition ratio. A y2 trend test was carried
out on the changing trend of the rifampicin resistance rate. The GeoDa software (Version 1.14) was used to draw the
spatial distribution map of the rifampicin resistance rate, and the maps of various cities in Zhejiang Province were
superimposed with the rifampicin-resistance rates between 2015 and 2019, and the changes in the rifampicin-resistance
rates were represented by gradient colors.

Ethical Approval

The data in this article were derived from TBIMS, and the Ethics Review Committee of the Zhejiang Provincial Center
for Disease Control and Prevention had reviewed the study and issued an ethical review waiver for informed consent.
Data were accessed using a secure form to prevent unauthorized access.

Results

Demographic Characteristics and Drug Resistance Rate Analysis of RR-TB Patients

The demographic and clinical data of 53,893 potentially drug-resistant tuberculosis cases in Zhejiang Province between
2015 and 2019 were analyzed, the overall rate of rifampin resistance was 5.9% (3182/53,893) using the drug suscept-
ibility test. Of the 39,046 males and 14,847 females (Table 1), 5.9% of both males and females developed rifampicin-
resistant TB. The rate of rifampicin resistance was significantly higher in youth and adults than in other age groups.
During the 5-year period, 1276 ethnic minorities were screened for drug resistance, and the prevalence of rifampicin
resistance in ethnic minorities was significantly lower than that in Han people (4.5% vs 5.9%). Healthcare workers had
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Table 1 Analysis of Basic Demographic Characteristics of Rifampicin-Resistant and Potentially RRTB

Patients
variable Rifampicin- Patients Rifampicin
Resistant Undergoing DST Resistance Rate
Patients (n/N, %)
n % N %
Sex Male 2304 724 39,046 725 5.9
Female 878 27.6 14,847 27.5 5.9
Age 0-20 143 4.5 2769 5.1 5.2
2140 1152 36.2 16,450 30.5 7
41-60 1048 329 14,890 27.6 7
Over 60 839 26.4 19,784 36.7 42
Han 3125 98.2 52,617 97.6 5.9
Others 57 1.8 1276 24 4.5
Occupation Farmers 1391 43.7 27,795 51.6 5
Industrial workers 519 16.3 8598 16
Teachers and Students 109 34 1846 34 5.9
Service industries 595 18.7 8082 15 74
Healthcare workers 18 0.6 199 0.4 9
Retirement and others 550 17.3 7373 13.7 7.5
Migration Intra- province 2335 734 40,873 75.8 5.7
In and out of the province 847 26.6 13,020 243 6.5

higher rates of rifampin resistance than people in other occupations. Those who migrated within Zhejiang Province had
lower rates of rifampicin resistance than those who immigrated from other provinces. Among all patients who underwent
drug susceptibility testing, 78.44% (42,272/53,893) of TB patients were classified as receiving initial treatment and
21.56% (11,621/53,893) were classified as receiving retreatment. The resistance rate of rifampicin in patients receiving
initial TB treatment was 4.2% (Figure 1A), while the prevalence of rifampicin resistance in retreated TB was 11.4%
(Figure 1B). The prevalence of rifampicin resistance in association with both first treatment and retreatment showed
a downward trend over the years (initial treatment thrend =46.929, P<0.001; retreatment thrend = 253.311, P<0.001).

Geospatial Distribution of Rifampicin Resistance Rates

Figure 2 shows the geographical location of each city in Zhejiang Province. Different colors represent the prevalence of
rifampicin resistance in each city. The darkest colors in Zhoushan indicate the highest RR rates, while the colors in
Quzhou, Shaoxing, and Jiaxing were relatively light. The rifampicin resistance rate in eastern Zhejiang was higher than
that in southwest Zhejiang. From the results of a year-by-year analysis of various cities, the rifampicin resistance rate
decreased in all cities except Quzhou, which always remained at a low level (Figure 3). However, the number of potential
RR-TB patients screened has doubled since 2017 (Appendix Table 1), indicating that rifampicin resistance is gradually

being controlled. Although Zhoushan City has a high rate of rifampicin resistance, the overall number of RR-TB patients
identified was small and the number of patients who received rifampicin screening was also relatively small compared to
other cities.

Comparison of Rifampicin Resistance Rates in TB Patients Diagnosed Using
Conventional and Rapid Detection methods

Table 2 shows the rifampicin resistance rates detected using different testing methods, including conventional and rapid
testing. The number of suspected drug-resistant patients using rapid test methods for drug susceptibility testing has
increased year by year, showing a clear upward trend (thrend:20,388.54, P<0.001), indicating that the use of Xpert MTB/
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Figure | Trend of rifampicin-resistance rates in Zhejiang Province from 2015 to 2019. (A). Shows the trend of rifampicin resistance rates in patients receiving initial
treatment; (B). Shows the trend of rifampicin resistance rates in retreated patients.

RIF technology is gradually being promoted. The prevalence of RR has experienced a downward trend using both
traditional and rapid detection methods (traditional Xzﬁend =59.47, P<0.001; rapid thrend = 13.4, P<0.001).

Co-Resistance Rate of Rifampicin and Ofloxacin

Among the effective cases of TB drug resistance screening between 2015 and 2019, a total of 9612 cases were screened
for ofloxacin resistance based on the completion of rifampicin resistance screening. The overall five-year co-resistance
rate of rifampicin and ofloxacin was 6.2% (Table 3), and the co-resistance rate showed an upward trend (y*wenq =
124.126, P<0.001). Ofloxacin, one of the fluoroquinolone drugs, is the drug of choice for second-line anti-TB treatment,
but the current prevalence of ofloxacin resistance has increased from 6.3% in 2015 to 11.9% in 2019. The situation of co-
resistance is also not optimistic, with the co-resistance rate increasing from 2.5% in 2015 to 10.3% in 2019.
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Figure 2 Geospatial distribution of 5-year overall rifampicin resistance rates in |1 cities in Zhejiang Province. The map data of cities in Zhejiang were obtained from the
aliyun website (http://datav.aliyun.com/portal/school/atlas/area_selector). The map in this article is used only for data representation and does not represent a real
administrative map.
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Figure 3 Epidemiological trend of rifampicin resistance rates in various cities in Zhejiang Province between 2015 and 2019.

Discussion
Our study collected data on all 53,893 individuals registered for drug resistance screening in Zhejiang Province between
2015 and 2019, of which 3182 patients had documented resistance to rifampicin (5.9%), including 4.2% of patients
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Table 2 Analysis of Rifampicin Resistance Rate Using Different Detection Methods in Zhejiang Province from 2015 to 2019

Years Conventional Test Methods X2¢rend P Rapid Test Methods xzt..end P Rapid test
utilization
Rifampicin- Patients Rifampicin Rifampicin- Patients Rifampicin

Resistant Undergoing Resistance Rate Resistant Undergoing Resistance Rate

Patients DST (%) Patients DST (%)
2015 522 5507 9.5 59.477 | <0.001 2 6 333 13.4 <0.001 0.1
2016 530 6367 83 5 63 79 [
2017 581 8076 72 179 3705 48 314
2018 256 4307 5.9 469 10,605 4.4 71.1
2019 171 2874 5.9 467 12,383 38 8l1.2
Total 2060 27,131 7.6 1122 26,762 42 49.7

aro(q

|e 39 uay


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

Ren et al Dove

Table 3 Co-Resistance Analysis of RFP and OFX in Zhejiang Province from 2015 to 2019

Years | Patients Undergoing Second OFX OFX+RFP
Line DST

Resistant Resistance Resistant Co-Resistance
Patients Rate (%) Patients Rate (%)

2015 1827 116 6.3 46 25

2016 1834 126 6.9 62 34

2017 1778 138 7.8 80 45

2018 2085 236 1.3 191 9.2

2019 2088 249 1.9 216 10.3

Total 9612 865 9 595 6.2

receiving initial treatment and 11.4% of patients receiving re-treatment. Compared with other provinces in China, drug
resistance control in Zhejiang Province was shown to be at a lower level. For example, in Heilongjiang province in the
northern region, the initial rifampicin resistance rate was 11.99% and the re-treatment resistance rate was 29.41% from
2017 to 2020;'® in Xinjiang province in the west, the multi-drug resistance rate was 15.5% in 2019.'7 In countries with
low TB prevalence, such as Japan, the rate of rifampicin resistance was only 1%.'® And in countries with a high TB
burden, such as India, rifampicin resistance rates were as high as 40.3%.'” The results of this study showed that the
rifampicin resistance rate of the screening population in Zhejiang Province showed a decreasing year-on-year trend.
Between 2015 and 2019, the expansion of drug resistance screening led to a significant increase in the number of
individuals being screened. The number of patients screened in 2015 was only 5513, but 11,781 patients were screened
each year since 2017, and the number of patients screened in 2019 was almost three times that of 2015. However, the
number of patients with RR-TB did not multiply in a corresponding manner. The rifampicin resistance rate of the
retreated patients in Zhejiang Province was three times that of the newly treated patients, and the drug resistance rate was
significantly different, which was consistent with the results of related studies in other regions such as Shandong
Province in northern China.’ Retreated TB patients tend to have longer treatment times and poorer compliance with anti-
TB courses, and are more likely to discontinue treatment than patients receiving their initial treatment. Therefore, re-
treated patients are at an increased risk of developing resistance to rifampicin. During the course of treatment, it is
necessary to improve patient compliance by enhancing health education for patients and stressing the importance of
taking the correct medication to patients to make them take medication responsibly and regularly, thereby reducing the
risk of developing acquired drug resistance.

The present study found no difference in the prevalence of rifampicin resistance between males and females, which
was inconsistent with the findings of the Myanmar study in southern Asia.”® The prevalence of rifampicin resistance was
highest in the 20- to 60-year-old group. As the main labor force of society, middle-aged patients are characterized by rich
social activities, strong mobility, large public influence, and low medication compliance, which makes them more likely
to cause drug resistance. Therefore, more attention should be paid to such patients and their management should be
strengthened. The prevalence of rifampicin resistance in the Han ethnicity participants was higher than that in other
ethnicities, which may be due to cultural differences. The rifampicin resistance rates of healthcare workers and workers
in the service industry were higher than those of other occupations. Healthcare workers have higher resistance rates due
to occupational exposure to more drug-resistant patients while workers in the service industry are exposed to a wide
variety of people. Health workers should comply with the sterilization and isolation system in the treatment work. It is
recommended to reduce the incidence of occupational infections by enhancing training in infection protection and raising
the awareness of healthcare workers about post-exposure prophylaxis. The rifampicin resistance rate of the floating
population in the Zhejiang province was lower than that of the floating population inside and outside of Zhejiang. Most
of the population migrating in and out of the province are workers, whose poor economic conditions and poor
compliance with treatment can easily lead to irregular treatment, thus causing drug resistance.

From the perspective of geographical and spatial distribution, the rifampicin resistance rates in Quzhou, Shaoxing,
and Jiaxing were significantly lower than those in other regions; in particular, Quzhou was stable at a lower level.
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Zhoushan City is composed of various islands with a small population density and a small number of rifampicin-resistant
patients in total, but the drug resistance rate has been at a high level due to the small number of people screened. The
level of economic development and health resources may also have an impact on the drug resistance rates in various
regions.**'** For example, in Hangzhou and Ningbo, due to their developed economies and abundant health resources,
the local population tend to be highly mobile, rich in social interactions, and complex in interpersonal activities, which
may lead to rifampicin resistance rates at high levels. Even so, the rate of drug resistance in each municipality was
decreasing year by year, and the province was on a steady downward trend.

The Xpert MTB/RIF test method is the WHO recommended rapid test that simultaneously detects tuberculosis and
rifampicin resistance in people with signs and symptoms of tuberculosis at lower health system levels.** It allows the
detection of Mycobacterium tuberculosis complex and simultaneously the most common resistance mutations to
rifampicin in less than 2 h.>>” It is unaffected by the external environment and other factors, which is conducive to
timely treatment of patients and reduces the risk of social transmission.”® However, Xpert MTB/RIF is expensive, and
resources were limited, and thus it was not popularized in Zhejiang Province until 2017. Therefore, very few patients
accepted this method over DST before 2017. Since the implementation of the “National Health Commission of China-
Bill & Melinda Gates Foundation TB Project” in Zhejiang Province, the number of screened patients using the molecular
rapid detection method has increased exponentially. The results of this study show that the promotion and use of rapid
diagnosis technology has achieved promising results. In 2019, 88.97% of patients have been tested using the Xpert MTB/
RIF method, and most patients can get the DST of rifampicin results the same day, which greatly shortens the diagnosis
time compared to traditional drug susceptibility testing that requires more than one month for the diagnosis to be
confirmed. It is beneficial to help clinicians know the patient’s DST of the key drugs in time and then design a more
appropriate clinical treatment plan for the patient to achieve early diagnosis and treatment.

This study found that the co-resistance rate of rifampicin and ofloxacin is gradually increasing, and co-resistance will
cause huge difficulties to the treatment of patients with TB. In the guidelines for the treatment of drug-resistant

tuberculosis issued by the WHO,?*-*°

it was recommended that rifampicin-resistant TB patients should be treated
with second-line anti-TB treatment, and fluoroquinolones should be the first choice; these are broad-spectrum antibiotics
for the treatment of multidrug-resistant tuberculosis that can effectively deal with infections caused by common
respiratory pathogens and were widely used in clinical practice before.’! However, if the patient is resistant to both
rifampicin and ofloxacin, there will be problems such as the need for a more complicated regimen, higher treatment costs,
longer treatment cycles, lower cure rates, and higher incidence of adverse drug reactions.**** Fluoroquinolones should
not be added arbitrarily in the absence of first-line drug susceptibility results or drug history in tuberculosis patients.**
Although only ofloxacin was resistant in this study, fluoroquinolones have cross-resistance properties, and therefore
ofloxacin resistance cannot totally represent the current resistance trend of fluoroquinolones. It is suggested that, for the
rifampicin-resistant patients with TB, consideration should be given to gradually advancing the screening of fluoroqui-
nolone resistance to all rifampicin-resistant TB patients to further standardize the diagnosis and treatment procedures.

The main limitation of this study is that the data in the paper were collected from an information management system.
Although we carried out quality control and most of the data were correctly registered, it is still difficult to avoid some
incorrect entries due to the different understanding of concept definitions by the coding staff in different places. Second,
the information obtained from the system data was relatively limited, and it was not possible to do a more detailed
analysis of the influencing factors.

Conclusion

This study suggests that between 2015 and 2019, the overall rifampicin resistance rate in Zhejiang Province showed
a trend to decrease, and the rifampicin resistance rate in all municipalities also showed a decreasing trend. The expansion
of drug resistance testing has also led to effectiveness in curbing the spread of rifampicin-resistant tuberculosis in the
population of Zhejiang Province. However, the rate of fluoroquinolone resistance is increasing, and it is necessary to
conduct fluoroquinolone resistance testing for patients with confirmed rifampicin resistance to clarify treatment options.
The problem of co-resistance requires high attention, and it is recommended that multi-drug resistance testing for first-
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line and second-line tuberculosis be carried out early in the course of clinical diagnosis and treatment to improve the

effectiveness of treatment and reduce the occurrence of drug resistance.
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