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Abstract
Background Tuberculosis (TB) has a high morbidity and mortality rate, and its prevention and treatment focus is on 
impoverished areas. The Liangshan Yi Autonomous Prefecture is a typical impoverished area in western China with 
insufficient medical resources and high HIV positivity. However, there have been few reports of TB and drug resistance 
in this area.

Methods We collected the demographic and clinical data of inpatients with sputum smear positive TB between 
2015 and 2021 in an infectious disease hospital in the Liangshan Yi Autonomous Prefecture. Descriptive analyses were 
used for the epidemiological data. The chi-square test was used to compare categorical variables between the drug-
resistant and drug-susceptible groups, and binary logistic regression was used to analyse meaningful variables.

Results We included 2263 patients, 79.9% of whom were Yi patients. The proportions of HIV (14.4%) and smoking 
(37.3%) were higher than previously reported. The incidence of extrapulmonary TB (28.5%) was high, and the infection 
site was different from that reported previously. When drug resistance gene detection was introduced, the proportion 
of drug-resistant patients became 10.9%. Patients aged 15–44 years (OR 1.817; 95% CI 1.162–2.840; P < 0.01) and 
45–59 years (OR 2.175; 95% CI 1.335–3.543; P < 0.01) had significantly higher incidences of drug resistance than 
children and the elderly. Patients with a cough of ≥ 2 weeks had a significantly higher chance of drug resistance than 
those with < 2 weeks or no cough symptoms (OR 2.069; 95% CI 1.234–3.469; P < 0.01). Alcoholism (OR 1.741; 95% CI 
1.107–2.736; P < 0.05) and high bacterial counts on sputum acid-fast smears (OR 1.846; 95% CI 1.115–3.058; P < 0.05) 
were significant in the univariate analysis.

Conclusions Sputum smear-positive TB predominated in Yi men (15–44 years) with high smoking, alcoholism, and 
HIV rates. Extrapulmonary TB, especially abdominal TB, prevailed. Recent drug resistance testing revealed higher rates 
in 15–59 age group and ≥ 2 weeks cough duration. Alcohol abuse and high sputum AFB counts correlated with drug 
resistance. Strengthen screening and supervision to curb TB transmission and drug-resistant cases in the region.
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Background
Tuberculosis (TB) is a major communicable disease 
worldwide, with high morbidity and mortality rates 
[1, 2]. According to a global report, 5.8 million patients 
were newly diagnosed in 2020 [3]. Before the COVID-
19 pandemic, TB was the leading cause of death from an 
infectious disease [3, 4]. TB is not only a health problem 
driven by poverty; it can also exacerbate poverty. More-
over, TB is the key point affecting the Sustainable Devel-
opment Goals of poverty eradication [5, 6]. Although 
high-income countries also have new TB cases annually, 
the World Health Organization (WHO)-listed high-bur-
den countries are responsible for 80% of TB cases [3, 7]. 
Most of these countries have low or middle income [2]. 
Therefore, it is of great significance to control TB in poor 
areas. The WHO and the Chinese Center for Disease 
Control and Prevention have proposed long-term goals 
for TB prevention by 20303, 5. However, as the top three 
high-burden countries in terms of TB, achieving the goal 
of ending the TB epidemic is challenging [8], especially in 
some impoverished areas in China where there are gath-
erings, underdeveloped healthcare resources, and high 
HIV prevalence.

The Liangshan Yi Autonomous Prefecture is located in 
southwest Sichuan Province and is the largest Yi commu-
nity. The Yi people account for approximately 50% of the 
local permanent residents [9, 10]. It is the largest gather-
ing place of the Yi minority in China. The Yi nationality 
is the sixth largest ethnic group in China and an ancient 
ethnic group [9]. The Yi people are accustomed to liv-
ing in high-altitude areas and have their own language 
and eating habits [11]. Liangshan is one of the poorest 
areas in China, with poor local public health conditions 
[12]. By 2021, 11 of 17 counties were in severe poverty 
[13]. Therefore, it is among the regions with the highest 
HIV prevalence in China [14]. HIV infection affects all 
aspects of TB, including the development of active, extra-
pulmonary TB, increased mortality, and TB drug resis-
tance [15–18]. A survival analysis of AIDS in this region 
showed that patients with TB had an increased mortal-
ity risk in recent years [19]. Despite being an area with a 
high incidence of infectious diseases, TB has rarely been 
reported.

We analysed the data of hospitalised patients to under-
stand the epidemiological characteristics of sputum 
smear positive TB in this region. This type of TB is chal-
lenging to prevent and control as patients with sputum 
smear positive TB can expel Mycobacterium tuberculosis 
(M. tuberculosis) into the air by coughing, thus infecting 
others and spreading it further [20]. Especially in areas 
with high clusters and high HIV prevalence, the infection 

and transmission of TB are prevalent [3]. In addition, 
drug resistance is a key point that hinders the prevention 
and treatment of TB [3]. The most common mono-drug 
resistance reported previously is isoniazid resistance 
[21]. However, the annually increasing occurrence of 
multidrug-resistant TB (MDR-TB), which is resistant to 
both rifampicin and isoniazid, can cause great harm [22]. 
Some factors associated with resistance include poor 
patient compliance, alcohol abuse, smoking, co-infection, 
diabetes, HIV/AIDS, and acid-fast bacilli (AFB) smear 
positivity [23–25]. Therefore, this study summarised the 
occurrence of drug resistance and used logistic regres-
sion to analyse its risk factors in this group of patients.

Methods
Study area and population
We collected demographic and clinical data of patients 
with sputum smear positive TB who were hospitalised 
in the largest infectious disease hospital in the Liang-
shan Yi Autonomous Prefecture. The hospital is the only 
infectious disease hospital that provides tertiary care for 
patients with TB in the Liangshan Yi Autonomous Pre-
fecture and is responsible for managing patients with TB 
in Liangshan city and surrounding regions. These clinical 
data came from the hospital ‘s his system, and included 
sex, age, ethnicity, disease course, living habits, comor-
bidities, smear results, and therapy. Living habits of alco-
hol consumption are defined here as chronic alcohol 
consumption and an average daily consumption of ≥ 15 g 
[26]. The resident population in this area is Yi and Han, 
with a ratio of approximately 1:1.

Study design
Criteria for admission
Data were collected from 1 to 2015 to 5 December 
2021. Pulmonary TB and extrapulmonary TB diagnoses 
were made according to the Health Industry Standard 
of the People’s Republic of China - Diagnosis for pul-
monary tuberculosis (WS 288–2017) and Classification 
of Tuberculosis (WS 196–2017). The diagnosis met the 
following two criteria: AFB smear-positive sputum and 
lung computed tomography supported the presence of 
active pulmonary TB [27]. Exclusion criteria included 
patients diagnosed with autoimmune diseases or a his-
tory of immunotherapy, those suffering from severe sys-
temic diseases, and those with malignant tumors. HIV 
positivity was determined based on the initial test results 
upon admission, and individuals with a prior diagno-
sis or treatment for HIV were also excluded. Patients 
were categorized according to their Body Mass Index 
(BMI): those with a BMI less than 18.5 were considered 
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‘Underweight’, those with a BMI ranging from 18.5 to 
24.9 were deemed ‘Normal weight’, while those with a 
BMI of 25 or more were classified as ‘Overweight’ [28]. 
At least two AFB sputum smear morning samples were 
collected from patients for testing. The Ziehl-Neelsen 
staining method and the grading standards promulgated 
by the National Health Commission of China were used 
for grading: Scanty, 1–8 on smear (300 fields examined); 
+, 3–9 in 100 fields (300 fields examined); 2+, 1–9 in 10 
fields (100 fields examined); 3+, 1–9 per field of vision 
(50 fields examined); and 4+, ≥ 10 per field of vision (50 
fields examined). For the analysis, we used the age groups 
0–14, 15–44, 45–59, and > 60 years. Patients were clas-
sified into three groups according to whether they had a 
cough persisting for more than two weeks. As per WHO 
guidelines, such patients warrant further investigation 
and screening in regions with high TB prevalence [29]. 
Unrecorded values are represented as missing values. 
Following the hospital’s execution of genetic testing for 
drug-resistant mutations on May 6, 2020, we proceeded 
with patient screening. Under constrained conditions, 
the GeneXpert MTB/RIF assay used in hospitals facili-
tated the detection of Rifampicin resistance across all 
patients [2, 30]. Additionally, for the purpose of Isonia-
zid resistance genetic testing, samples from a subset of 
patients were dispatched. The drug resistance screening 
took place before the initiation of treatment. First-line 
treatment was the preferred option upon tuberculosis 
diagnosis. In cases of recurrent tuberculosis or rifampin-
resistant and multi-drug resistant tuberculosis, second-
line drug treatment was selected. After further excluding 
patients with unknown data, they were assigned to the 
drug-resistant and drug-susceptible groups according 

to the drug-susceptibility test results. The inclusion and 
exclusion data are illustrated in Fig. 1.

Statistical methods
Descriptive analyses were performed on the collected 
clinical data of all hospitalised patients, consistent with 
sputum smear positive TB. Age was not considered a 
continuous variable, but the patients were divided into 
different age groups. The chi-square test was used to 
compare categorical variables between the drug-resistant 
and drug-susceptible groups. Statistical significance was 
set at P < 0.05, but the binary logistic regression model 
included variables with P < 0.1. To identify significant 
variables affecting drug resistance, we used both univari-
ate and multivariate binary logistic regression (backward 
stepwise logistic regression) to compare the included 
variables. A dummy variable for age-grouped was an 
‘indicator-first’ of contrast selection, while cough selec-
tion was ‘deviation-first’. The TB smear was classified, 
and only 4 + positive patients were counted to determine 
whether the quantity of multiple bacteria affected drug 
resistance. Statistical analyses were performed using 
SPSS version 23.0 and GraphPad Prism 7.04 (GraphPad 
Software Inc., CA, USA).

Ethics statement
The study collected data from the patient’s hospital 
records and anonymised them. The acquisition of all clin-
ical data and laboratory results, as well as the waiver of 
patient informed consent has been approved by the Eth-
ics Review Committee of Sichuan Provincial Academy of 
Medical Sciences and Sichuan Provincial People’s Hospi-
tal (Protocol 20220-254).

Results
Characteristics of patients with sputum smear positive TB
During the data collection period, 2263 patients with 
sputum smear positive TB were hospitalised (Table  1). 
Among these patients, 63.2% were male, and the majority 
belonged to the Yi ethnic group (79.9%). Age distribution 
ranged from 1 month to 94 years, with the highest pro-
portion (59.3%) being in the 15–44 age group, followed 
by 45–59-year-olds (19.1%), the elderly (17.9%), and chil-
dren aged 0–14 years (4.1%). In terms of body weight 
status, 41.9% of patients were classified as underweight, 
53.2% as normal weight, and 4.9% as overweight or obese. 
A history of smoking was observed among 37.3% of 
patients, while 26.7% had a history of alcoholism. Patients 
with type 2 diabetes accounted for 8.2% and HIV-positive 
patients accounted for 14.4%. Patients with extrapulmo-
nary TB accounted for 28.5%, of whom 26.2% had multi-
ple sites. The top five most common extrapulmonary TB 
cases were abdominal, genitourinary, pericardial, pleural, 
and lymphatic (Fig.  2A). Regarding treatment, 84.3% of Fig. 1 The process of data inclusion and exclusion
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the patients were administered first-line anti-TB therapy, 
whereas 7.1% were administered second-line anti-TB 
therapy. Another 8.7% of the patients had poor adher-
ence, refusal, or discontinuation of the medication.

Characteristics of drug-resistant and drug-susceptible 
groups
The GeneXpert MTB/RIF assay was introduced in this 
hospital in May 2020. Out of a total of 2263 patients, 
1405 were selected for the screening process. Data loss 
accounted for 557 (39.6%) of these selected patients, 
resulting in 848 remaining patients for analysis. Out 
of these, 51 also underwent isoniazid resistance test-
ing by a separate company. Upon completion of all 
tests, drug resistance was identified in 91 patients, lead-
ing to an incidence rate of 10.7%. Further breakdown of 
these drug-resistant cases revealed that 73 (80.2%) were 

resistant to rifampicin, 4 (4.4%) to isoniazid, and 14 
(15.4%) demonstrated resistance to both drugs, thus cat-
egorized as multi-drug resistant tuberculosis (MDR-TB) 
(Fig. 2B). Finally, 91 and 747 patients were included in the 
drug-resistant and drug-susceptible groups, respectively. 
There were no significant differences in sex, ethnicity, 
smoking, HIV positivity, extrapulmonary TB, or sputum 
smear between the two groups (Table  2). However, the 
P-value for HIV-positive and sputum smear results was 
< 0.1. There were statistically significant differences in age 
stratification (P < 0.001), alcohol consumption (P < 0.05), 
and cough status (P < 0.001) (Table 2).

Risk factor characteristics of drug-resistant patients with 
TB
After including significant variables in the binary regres-
sion model, we summarised the risk of developing 
resistance for these variables (Table  3; Fig.  2C). Young 
patients aged 15–44 (multivariate analysis: OR 1.817; 
95% CI 1.162–2.840; P < 0.01) and middle-aged patients 
aged 45–59 (multivariate analysis: OR 2.175; 95% CI 
1.335–3.543; P < 0.01) were more likely to develop drug 
resistance than children and the elderly. A cough dura-
tion of ≥ 2 weeks was a risk factor for drug resistance rel-
ative to no cough and cough for < 2 weeks (multivariate 
analysis: OR 2.069; 95% CI 1.234–3.469; P < 0.01). These 
risk factors were meaningful in univariate and multivari-
ate logistic regression analyses. However, alcohol (uni-
variate analysis: OR 1.741; 95% CI 1.107–2.736; P < 0.05) 
and high bacterial counts in sputum smears (univariate 
analysis: OR 1.846; 95% CI 1.115–3.058; P < 0.05) were 
the only risk factors in univariate logistic regression but 
were not risk factors in multivariate logistic regression.

Discussion
The 2263 patients with sputum smear positive TB 
were mainly Yi men aged 15–44 years, and sex char-
acteristics were consistent with the previous reported 
male-to-female ratio of 2:1 [1, 4, 31]. However, com-
pared with other regions of China or other ethnic 
minorities with tuberculosis, these patients are gen-
erally younger [32–35]. In contrast to the predomi-
nant pattern of China’s pulmonary TB group, which 
primarily affects individuals over 65 years of age [32], 
our study reveals a significant proportion (59.3%) of 
patients aged 15–44. This discrepancy may be attrib-
uted to increased social activity within this age group, 
potentially exposing them to risk factors such as smok-
ing, alcohol consumption, and HIV infection. Further-
more, our findings indicate differences in body mass 
index (BMI) compared to previous reports [36]. Nota-
bly, we observed a relatively large proportion of under-
weight patients, possibly linked to the limited access to 
medical resources in the region. It is noteworthy that 

Table 1 Characteristics of 2263 tuberculosis patients in a 
infectious disease hospital of Liangshan Yi Autonomous 
Prefecture
Characteristic Value 

(n = 2263)
Gender-n. (%)
 Male 1430 (63.2)
 Female 833 (36.8)
Age-Years
 <14-n. (%) 92 (4.1)
 15-44-n. (%) 1342 (59.3)
 45-59-n. (%) 433 (19.1)
 ≥ 60-n. (%) 405 (17.9)
Ethnicity-n. (%)
 Han 455 (20.1)
 Yi 1808 (79.9)
BMI
 < 18.5-n. (%) 948 (41.9)
 18.5-24.9-n. (%) 1203 (53.2)
 ≥ 25-n. (%) 112 (4.9)
Alcoholism -n. (%)
 Yes 604 (26.7)
 No 1644 (72.6)
 Missing 15 (0.7)
Comobidites-n. (%)
 COPD 142 (6.3)
 Type 2 diabetes 185 (8.2)
 HIV positive 326 (14.4)
 Extrapulmonary tuberculosis 644 (28.5)
Treatment
 First-line anti-TB drugs 1903 (84.3)
 Second-line anti-TB drugs 176 (7.8)
 Non-compliance with medical advice 184 (8.1)
Drug resistance
 Yes 98 (4.3)
 Drug susceptible 1438 (63.5)
 Not clear 727 (32.1)
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hospitalized patients in this area commonly exhibit 
evident and severe symptoms. In our survey, we also 
observed that the number of smokers, alcoholism, and 
HIV-positive people are higher than those in previ-
ous surveys [31, 37–39]. All these inconsistencies can 
be explained by approximately 80% of the Yi patients 
in the study group. This ratio far exceeds the 48.9% 
of the local Yi nationality resident population [10]. 
Unlike other nomadic minorities, the Yi people live in 
remote villages in the high-altitude mountains with 
their families [11]. These mountain villages have poor 
sanitary conditions [12, 40]. According to previous 
studies, the incidence of tuberculosis in Liangshan has 
shown a clustering trend, mainly concentrated in areas 
dominated by Yi ethnic groups [41]. This results in 

the majority of hospitalized patients being Yi people. 
They mainly eat potatoes, oats, and buckwheat, eat 
little meat, and like to smoke and drink alcohol [42]. 
Smoking and alcohol consumption are risk factors that 
cause great harm if they occur simultaneously [43, 44]. 
The most important risk factor for TB is HIV positiv-
ity, which is also high in this nation. The incidence 
of HIV and TB co-infection in our study was 14.14%, 
which is higher than the global rate of 9% and China’s 
rate of 7.4% [39, 45].

Because of these risk factors, as well as the remote-
ness of living, these patients visit the hospital only 
after the symptoms manifest and significantly affect 
their work. In our study, more than 1/4 of the patients 
with extrapulmonary TB had complications at more 

Fig. 2 Extrapulmonary TB-affected sites, specific drug resistance ratios, and forest map of drug resistance-related risk factors. (a) The top five most com-
mon extrapulmonary tuberculosis (TB) were abdominal, genitourinary, pericardium, pleural, and lymphatic. (b) A total of 91 drug-resistant patients, 73 
(80.2%) were resistant to rifampicin, 4 (4.4%) were resistant to isoniazid, and 14 (15.4%) were resistant to both. (c) The 15–59-year-old group developed 
drug resistance about two times as high as children and the elderly. A cough duration of ≥ 2 weeks was also a risk factor for drug resistance (OR 1.999; 
95% CI 1.189–3.361; P < 0.01)
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than two sites, which was also higher than 14% in other 
data reported in China [46]. Moreover, the character-
istics of this group of patients with extrapulmonary 
TB are very different from those previously reported. 

Firstly, the incidence of extrapulmonary TB is 28.5%, 
which is significantly higher than the values previ-
ously reported globally (14%) and in China (8.5%) [27, 
47]. Secondly, the occurrence sites of extrapulmonary 
TB identified in this study differed from those com-
monly reported previously, such as the lymph nodes 
and skeletal system [27, 48]. The most common sites 
in our patients were in the abdomen (34.1%) and geni-
tourinary system (17.3%), which is also inconsistent 
with the most common extrapulmonary TB in China 
in the pleura (49.8%) and bronchial TB (14.8%) [46]. 
Compared with genitourinary TB, which is also a com-
mon extrapulmonary TB [49], the incidence of abdom-
inal TB is generally 1–3% [50]. The reported rates of 
extrapulmonary TB globally and in China were 12% 
and 4.8%, respectively [46, 51]. Gastrointestinal TB 
can spread through direct ingestion or distant spread 
in the blood, lymph, or adjacent tissues. Direct inges-
tion can be through sputum or contaminated food 
[52]. The Yi people exhibit communal dining practices, 
where multiple individuals share a single bowl to con-
sume both food and alcohol. This tradition disregards 
the use of individual tableware and often involves eat-
ing with hands, contributing to suboptimal hygiene 
practices. These may be the reasons for the high rate 
of abdominal TB, consistent with the high incidence in 
developing countries of low socioeconomic status [53]. 
In addition, HIV positivity is also a health factor for 
abdominal TB [54].

In this study, 15.9% of the patients were on second-
line anti-TB treatment or had received no treatment 
because of poor compliance. Although the drugs for 
anti-TB treatment are free, travel expenses, exami-
nation fees, and lost work expenses remain a heavy 
burden for patients. Patients generally choose to stop 

Table 2 Demograhic and clinical characteristics after the 
hospital carried out drug resistance gene detection in 2020
Variable Patients, 

No.(%)
Drug-
resistant 
(n = 91)

Drug-sus-
ceptible 
(n = 757)

P-value

Age-years 0.000***
 ≤ 14 1 (1.1) 38 (5.0)
 15–44 63 (69.2) 449 (59.2)
 45–59 25 (27.5) 136 (18.0)
 ≥ 60 2 (2.2) 135 (17.8)
Male 62 (68.1) 464 (61.3) 0.204
Yi Ethnicity 65 (71.4) 554 (73.2) 0.722
Smoke 38 (41.8) 283 (37.4) 0.417
Alcoholism 35 (38.5) 200 (26.4) 0.015*
HIV positive 17 (18.7) 89 (11.8) 0.059#
Compicated with extrapulmonary 
TB

14 (15.4) 169 (22.3) 0.128

Cough 0.000***
 No 5 (5.5) 100 (13.2)
 Cough for<2 weeks 3 (3.3) 81 (10.7)
 Cough for ≥ 2 weeks 83 (91.2) 576 (76.1)
AFB sputum smear 0.099#
 Scanty 5 (5.5) 58 (7.7)
   + 23 (25.3) 264 (34.9)
   2+ 22 (24.2) 188 (24.8)
   3+ 17 (18.7) 124 (16.4)
   4+ 24 (26.4) 123 (16.2)
TB: tuberculosis; AFB: acid-fast bacilli

*: P-value< 0.05; **: P-value< 0.01; ***: P-value< 0.001; #: P-value< 0.1

Table 3 Univariate and Multivariate logistic regression assessing risk factors for drug resistance of tuberculosis
Variable Univariate Multivariate

OR (95% CI) P-value OR (95% CI) P-value
Age-years#
 <14 & ≥60 Ref 0.001** Ref 0.003**
 15–44 8.045 (2.493–25.958) 1.817 (1.162–2.840)
 45–59 10.539 (3.116–35.645) 2.175 (1.335–3.543)
Alcoholism 1.741 (1.107–2.736) 0.016* 1.438 (0.898–2.302) 0.130
HIV positive 1.724 (0.973–3.054) 0.062 1.372 (0.758–2.481) 0.296
Cough##
 No Ref 0.008** Ref 0.022*
 Cough for<2 weeks 0.575 (0.251–1.317) 0.566 (0.245–1.304)
 Cough for ≥ 2 weeks 2.238 (1.343–3.730) 2.069 (1.234–3.469)
AFB smear
 4+ 1.846 (1.115–3.058) 0.017* 1.557 (0.928–2.614) 0.093
AFB: acid-fast bacilli

*: P-value< 0.05; **: P-value< 0.01; ***: P-value< 0.001

#: contrast selection of dummy variables is “indicator-first”; ##: contrast selection of dummy variables is “deviation-
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medication after the symptoms have improved slightly, 
thus resulting in drug resistance and further aggra-
vating the difficulty of treatment [55]. Approximately 
10.7% of the patients in our study were drug-resistant, 
which is lower than the current global and domestic 
levels of drug-resistant TB [56]. However, this does 
not reflect the drug resistance of TB in this region 
because testing for drug resistance has been lacking. 
The hospital did not use rapid genetic detection of TB 
drug resistance until 2020, while the technology has 
been in use for almost 20 years [57]. The traditional 
drug-susceptibility test for TB is not applicable in this 
region because of the long wait for culture results. Pre-
vious records of drug resistance and patients receiving 
second-line therapy have relied on physicians’ clinical 
experience. Among 91 cases of detected drug resis-
tance, 80.2% were rifampicin-resistant (RR) TB and 
15.4% were MDR-TB. This is different from isoniazid 
resistance predominant, and 80% of the RR eventually 
become MDR [25, 58]. This difference may be due to a 
lack of laboratory tests.

In our regression model for the analysis of drug resis-
tance-related risk factors, we still obtained the impact 
of living habits and poverty. The entire group of patients 
who are family labourers have a wide range of social 
activities and a significant increase in the incidence of 
drug resistance. Patients aged 15–44 and 45–59 years 
were 1.817 and 2.175 times more likely to develop drug 
resistance than children and the elderly, respectively. In 
studies of TB drug resistance in other regions of China, 
the highest incidence was found for those with low edu-
cation levels, with low income, and aged 40–65 [59]. 
Because this age group is the source of the labour force 
at home, they may be forced to give up treatment for 
reasons such as continuing work and economic reasons, 
and compliance is poor. Although HIV is closely related 
to drug resistance in previous reports [17] and is most 
frequently seen in the age group of 15–44 years [14], our 
study did not identify it as a risk factor for TB drug resis-
tance. Previous studies have shown that drug resistance 
mainly occurs in low-education, low-income, and poor 
populations [25]. Our multivariable analysis revealed that 
patients who had a cough for ≥ 2 weeks were 2.08 times 
more likely to develop drug resistance than those with-
out a cough and within 2 weeks of duration of illness. 
This finding reaffirms the validity of the erstwhile WHO 
guideline, which identified a persistent cough exceeding 
two weeks as a typical symptoms of tuberculosis [60]. 
Despite subsequent amendments to this criterion, it 
continues to serve as a significant marker, particularly in 
regions exhibiting high prevalence rates [29]. The results 
of our study emphasize the relevance of this 2-week 
threshold in identifying potential TB cases early and pos-
sibly reducing the likelihood of developing drug-resistant 

forms of the disease. These two risk factors for TB drug 
resistance explain the significant impact of the backward 
economy, poverty, and inconvenience of medical treat-
ment in this region. The other two risk factors that only 
appeared in the univariate regression analysis were alco-
hol consumption and high bacterial count in the AFB 
smear test. Combined alcohol abuse, low education, and 
low income are predictors of MDR [61]. Moreover, a high 
bacterial count in the AFB smear test might indicate a 
high organism burden and, thus, greater susceptibility 
to resistance [62, 63]. However, it is also believed that a 
large number of acid-fast bacilli results from drug resis-
tance rather than the cause [64]. Therefore, it is essential 
to grade the initial sputum smear before treatment [63].

Our study only investigated hospitalised patients in an 
infectious disease hospital in the Liangshan Yi Autono-
mous Prefecture. Owing to poverty, poor sanitary con-
ditions, and inconvenient medical treatment in the 
local area, many patients may seek medical treatment 
only when the disease is serious. This can lead to bias in 
patient selection and the absence of many patients with 
sputum smear positive TB. In addition, the drug resis-
tance testing conducted in this hospital was not com-
prehensive and may be considered less advanced, which 
could potentially impact the accuracy of the regression 
model results. The deficiency in comprehensiveness 
was further magnified due to our reliance on an exter-
nal company for the Rifampicin resistance test. This test 
was only performed on a limited sample of 51 patients, 
thereby intensifying the perceived inadequacy. However, 
this hospital accommodates most local inpatients with 
TB, and the epidemiological characteristics obtained 
and risk factors for TB drug resistance were within the 
interpretable range. Hopefully, these data will help to 
understand the clinical and treatment status of locally 
sputum smear positive TB and further help local TB 
prevention and treatment. These data will contribute to 
a better understanding of the clinical and treatment sta-
tus of locally sputum smear-positive TB, facilitating tar-
geted approaches for TB prevention and treatment. For 
instance, identifying age groups with high drug resistance 
incidence calls for intensified drug resistance screen-
ing and long-term medication follow-up. Furthermore, 
addressing the high incidence of abdominal extrapul-
monary tuberculosis and TB clustering requires regular 
patient education and health diet guidance.

Conclusions
Patients with sputum smear positive TB who were hos-
pitalised at the Liangshan Yi Autonomous Prefecture 
infectious disease hospital were mainly Yi men aged 
15–44 years. Smoking, alcoholism, and HIV positivity 
had the highest proportions. The incidence of extrapul-
monary TB is higher than in other regions in China, and 
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the incidence site is different; abdominal TB is the most 
common. Because of local poverty and poor medical con-
ditions, drug resistance gene testing has been recently 
carried out. The 15–59-year-old age group developed 
drug resistance two times higher than children and the 
elderly. A cough duration of ≥ 2 weeks was also a risk fac-
tor for drug resistance. In addition, alcohol abuse and 
high bacterial counts in sputum AFB smears were also 
associated with drug resistance. Based on these charac-
teristics, local governments, disease control authorities, 
and hospitals can enhance screening and supervision 
measures. The ultimate goal is to mitigate the rate of 
tuberculosis transmission and reduce the occurrence of 
drug-resistant tuberculosis within the region.
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