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Abstract 

Background  At present, the disease burden of drug-resistant tuberculosis (DR-TB) is still heavy in the world. In this 
study, we aimed to evaluate the success rate of DR-TB patients after standardized treatment and to analyze the risk 
factors for poor outcomes in Zhejiang, China.

Methods  From 2017 to 2021, all culture-confirmed tuberculosis (TB) patients were prospectively enrolled from three 
designated TB hospitals in Zhejiang, China. Demographic surveys were conducted in all patients, and drug suscepti-
bility of TB strains was tested by fluorescent polymerase chain reaction probe melting curve analysis (MeltPro). DR-TB 
patients were treated with WHO recommended standardized treatment according to the type of drug resistance, 
and the outcomes were thoroughly monitored and tracked until June 2023. Binary logistic regression model was used 
to analyze the related risk factors of poor outcomes in patients with DR-TB. The patients’ socio-demographic informa-
tion, comorbidities, fever, antibiotic use, laboratory test results, lung imaging characteristics and drug resistance char-
acteristics were included in the analysis. A simple TB severity score was developed according to the WHO definition 
and applied to the analysis.

Results  Among 1013 patients with confirmed TB, 779 were sensitive to all of the tested drugs (rifampicin, isoniazid, 
ethambutol, streptomycin and fluoroquinolones), and 234 were resistant to at least one tested drug.

Among the 234 DR-TB patients in the study, 50 patients had poor outcomes (23 cases of failure, 13 cases of death, 
and 14 patients lost to follow-up), 158 patients were successfully treated (125 cases were cured and 33 cases com-
pleted treatment), and 26 were referred to other provinces. The overall treatment success rate was 76.0% (158/208).
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Multivariate analysis showed that age (AOR 1.03; 95%CI 1.01—1.05), previous TB treatment history (AOR 5.03; 95%CI 
1.33—18.99), higher TB severity score (AOR 1.48; 95%CI 1.09—2.03), MDR/RR-TB (AOR 8.34; 95%CI 2.99—23.24) 
and pre-XDR-TB (AOR 9.50; 95%CI 2.24—40.26) were independent risk factors for poor outcomes in DR-TB patients.

Conclusions  The treatment success rate of DR-TB patients in this study reached that of the WHO standard treatment 
(75%).

Physicians should be alert to the possibility of poor outcomes in DR-TB patients with old age, previous TB treatment 
history, higher TB severity score, MDR/RR-TB or pre-XDR-TB.

Keywords  Drug-resistant tuberculosis, Prospective multicenter study, Outcomes, Risk factors, Standardized 
treatment, Drug-susceptibility test, Tuberculosis severity score

Background
Tuberculosis (TB) is a respiratory infectious disease 
caused by Mycobacterium tuberculosis (M.tb). TB had 
ravaged humans for thousands of years before its causa-
tive agent was discovered by Robert Koch in 1882. [1] At 
present, the disease burden of TB is still high worldwide. 
According to WHO, about 10.8 million people suffered 
and 1.25 million people died from TB in 2023. [2].

The emergence of drug-resistant strains has had a 
major impact on the spread of M.tb and is a major obsta-
cle to TB control and eradication. [3, 4] In 2023, there 
were an estimated 400 000 cases of multidrug-resist-
ant/ rifampicin-resistant TB (MDR/RR-TB) and 150 
000 deaths from MDR/RR-TB in the world, which seri-
ously affected the global TB prevention and control. [2] 
Although the estimated TB incidence rate in China has 
decreased in the past decade (52/100 000 in 2023), there 
were still 29 000 people suffering from MDR/RR-TB in 
2023, which is a heavy burden to public health in China. 
[2, 5].

TB is one of the three major infectious diseases, and 
also one of the key infectious diseases to be managed in 
China. In this study, we performed rapid drug-suscep-
tibility testing in all patients with culture-confirmed TB 
who presented to three medical centers (The First Affili-
ated Hospital of Zhejiang University, Affiliated Dongyang 
Hospital of Wenzhou Medical University, and Taizhou 
Enze Medical Center) from 2017 to 2021, implemented 
standardized TB treatment on all drug-resistant tubercu-
losis (DR-TB) patients, and analyzed their clinical infor-
mation and outcomes. This study evaluated the treatment 
outcomes of DR-TB patients and explored the risk factors 
for poor outcomes, aiming to provide recommendations 
for clinical TB treatment and follow-up.

Methods
Study aims
To evaluate the success rate of DR-TB patients after 
standardized treatment and to analyze the risk factors for 
poor outcomes in Zhejiang, China.

Study design
This prospective observational study was conducted 
in three tertiary general public hospitals in Zhejiang, 
China. The First Affiliated Hospital of Zhejiang Univer-
sity, Affiliated Dongyang Hospital of Wenzhou Medical 
University, and Taizhou Enze Medical Center are three 
teaching and designated TB hospitals. All of the medi-
cal centers were fully equipped with TB testing facilities 
and wards, staffed by doctors, nurses, data maintainers, 
disease control personnel, laboratory staff and other 
professionals who provided medical and scientific sup-
port. Patients with culture-confirmed TB admitted 
to the three medical centers from 2017 to 2021 were 
included in this study. The follow-up for outcomes was 
conducted for all patients until June 2023.

Data collection and eligibility criteria
The patients’ basic information, comorbidities, and 
clinical characteristics were collected at the TB diag-
nosis. Pre-treatment investigations included complete 
blood count, liver and kidney function, blood IGRA, 
acid-fast smear, drug sensitivity of TB, pulmonary CT 
examinations.

Cases with the following conditions were excluded: 
sensitive TB detected by MeltPro, pregnancy, or 
referred to other provinces during treatment (Fig. 1).

Drug susceptibility testing
In case of a high suspicion of tuberculosis, acid-fast 
bacilli (AFB) smears, cultures of M.tb, and drug-sus-
ceptibility testing (DST) were performed in all patients 
as soon as possible. All TB samples were collected and 
preprocessed under the supervision of local CDCs. 
All TB-related tests were performed in the approved 
biosafety laboratory.

We used fluorescent polymerase chain reaction (PCR) 
probe melting curve (MeltPro) for DST. [6–10] Drug 
susceptibility kits were from Zeesan Biotecheh (Xia-
men, China), including MTB/RIF Test Kit (MMCA), 
MTB/INH Test Kit (MMCA), MTB/EMB Test Kit 
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(MMCA), MTB/STR Test Kit (MMCA), and MTB/FQ 
Test Kit (MMCA), which could detect the common 
drug resistance sites of rifampicin, isoniazid, ethambu-
tol, streptomycin and fluoroquinolones. SLAN®−96S 
Real-Time PCR System (Shanghai Hongshi Medical 
Technology Co Ltd, China) was used for fluorescent 
PCR amplification, and the drug resistance informa-
tion was interpreted by SLAN®−96S automatic medical 
PCR analysis system 8.2.2. Phenotypic drug susceptibil-
ity testing was not performed in all cases because of the 
availability of molecular drug-susceptibility test.

Treatment protocol
According to WHO recommendations, all TB patients 
were reported to local CDCs as soon as diagnosed. 
[11] All DR-TB patients determined by MeltPro were 
reported as cases of DR-TB, and treatments for DR-TB 
were started immediately according to the WHO guide-
lines on drug resistant TB. [12] In March 2019, WHO 
recommended bedaquiline containing all-oral regimens 
for 9–18 months for DR-TB treatment, which is adpoted 
in this study. According to the WHO guidelines and clini-
cal experience, we used standardized treatment regimens 
for different types of DR-TB patients (Table 1).

TB severity score
We developed a simplified scoring scale to estimate the 
severity of TB disease (Table  2). The scoring scale was 
based on the WHO definitions of extensive (or advanced) 
TB disease and severe extrapulmonary TB, and incorpo-
rated the description of TB imaging in previous studies 
[12].

Definitions of outcomes
According to the WHO definition, the treatment out-
comes of TB patients were divided into "unsuccessful 
outcomes" and “successful outcomes” groups. [12] “Suc-
cessful outcomes” included “cured” and “treatment com-
pleted”. "Unsuccessful outcomes" included “failure”, “died” 
and “lost to follow up”. [13].

Data analysis
Categorical variables were described as count and per-
centages, and continuous variables were described as 
median (P25—P75). Univariate logistic analysis was used 
to identify potential influencing factors associated with 
outcome of DR-TB. Factors with P < 0.05 were included 
in multivariate logistic analysis. OR values and 95% CIs 
were calculated. All statistical analysis was performed 

Fig. 1  Patients involved in the study. M.tb: Mycobacterium tuberculosis. MDR/RR-TB: multidrug-resistant TB (MDR-TB, defined as resistance 
to both rifampicin and isoniazid) or rifampicin-resistant TB (RR-TB). Pre-XDR-TB: pre-extensively drug-resistant TB, defined as TB that is resistant 
to rifampicin and any fluoroquinolones. Hr-TB: isoniazid-resistant but rifampicin-susceptible TB. FQs-hr-TB: fluoroquinolones-resistant TB, 
but susceptible to rifampicin and isoniazid
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using IBM SPSS Statistics (version 22.0, IBM Corp., 
Armonk, N.Y., USA). The significance level for statistical 
tests was set at 0.05 (two-sided).

Results
Socio‑demographic and clinical characteristics of DR‑TB 
patients
Among the 234 DR-TB patients, 26 were referred to 
other provinces, and 208 patients were finally included 
in the analysis (Fig. 1). Among the 208 cases, the median 
follow-up period was 356 days, 61.5% cases were male 
and 38.5% were female. The median age of all cases was 
52.0 years old (Table 3).

23.6% cases had a history of smoking (including ciga-
rettes and hand-rolled cigarettes) within 30 days prior to 
the diagnosis of tuberculosis. Additionally, 22.1% cases 
had a drinking habit (consuming at least the equivalent of 
25g of 50% ABV spirits or more in alcoholic beverages per 
month) in the year prior to diagnosis. The median BMI 
of all the patients was within the normal weight range 
(20.4kg/m2). 39.4% of the patients had comorbidities.

The main TB type was type-III secondary pulmonary 
tuberculosis (93.8%). 32.7% of the patients had fever at 
the time of diagnosis. 50.0% of the patients had received 
antibiotics before the initiation of TB treatment. 7.7% of 
the patients had received previous TB treatment.

AFB was positive in 57.2% of the patients, and blood 
interferon gamma release assays (IGRA) were positive in 
90.9% of the patients.

In general laboratory tests, 21.6% of the patients’ 
white blood cell count lower than 4*109/L or higher than 
10*109/L, 68.8% had an increase in erythrocyte sedimen-
tation rate, and 74.5% had an increase in C-reactive pro-
tein (CRP). 29.3% of the patients had anemia, and 34.6% 
had a plasma albumin level of lower than 35g/L.

Lung CT images showed bilateral pulmonary lesions in 
74.5% of the patients. Bilateral pulmonary cavities (6.3%) 
accounted for 20.3% (13/64) of patients with pulmonary 
cavities (30.8%). Only 2.9% of the patients had exten-
sive parenchymal damage, and 3.4% had miliary TB or 
TB meningitis. Extrapulmonary TB diseases other than 
miliary TB or TB meningitis (except mediastinal mass) 
accounted for 35.1% of all DR-TB patients. The TB sever-
ity score ranged from 1—13 in all DR-TB cases, with 
median score at 5.0 (IQR 3.0—7.0).

Drug susceptibility
With the use of Meltpro for molecular DST, it showed 
that the overall drug resistance rate of all tested TB cases 
was 23.1% (234/1013), 6.3% (64/1013) cases were resist-
ant to rifampicin, 11.4% (115/1013) were resistant to 
isoniazid, 3.3% (33/1013) were resistant to ethambutol, 
14.0% (142/1013) were resistant to streptomycin, and 
4.1% (42/1013) were resistant to fluoroquinolones.

Among the 208 DR-TB patients included in final analy-
sis, 42(20.2%) cases were MDR/RR-TB, 13(6.3%) were 
pre-XDR-TB, 58(27.9%) were Hr-TB and 21(10.1%) 
were FQs-hr-TB. MDR-TB accounted for 73.8%(31/42) 

Table 2  Parameters used for estimating the severity of TB

a Active pulmonary TB range: under the discretion of licensed medical imaging physicians, including nodule, pneumonia, effusion, mass, and other pulmonary lesions 
suggestive of active pulmonary tuberculosis 
b Each lobe of lung: the lung lobes were classified based on anatomical structure, with 3 right lobes and 2 left lobes. Each lobe with active TB lesions scored 1 point, 
with a maximum of 5 points
c Pulmonary cavities: cavities caused by tuberculosis infection. When the patient had other diseases that can cause pulmonary cavities at the same time, we would 
compare the CT images before and after the diagnosis of TB, and conduct PET-CT and fiberoptic bronchoscopy sampling for identification
d The sum of cavities diameters: sum of the internal diameters of all pulmonary TB cavities
e Miliary TB and TB meningitis are very serious extrapulmonary TB diseases, thus we scored them as 5 points. The final score was the sum of the scores of the three 
parameters, ranging from 0 (representing no TB infection) to 15. Higher scores represented more severe TB diseases

Parameters Points 
assigned 
c

Active pulmonary TB rangea

Each lobe of lungb 1

Pulmonary cavitiesc

The sum of cavities diameters < 3 cmd 1

The sum of cavities diameters ≥ 3 cm and < 5 cm 2

The sum of cavities diameters ≥ 5 cm 3

Extrapulmonary forms of TB

Extrapulmonary TB disease other than miliary TB or TB meningitis (except 
mediastinal mass)

2

Miliary TB or TB meningitis 5e
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Table 3  Socio-demographic and clinical characteristics of DR-TB patients (n = 208)

a In this study, the age of patients ranged from 16 to 97 years old
b Acid-fast bacilli smear: including sputum smears, bronchoalveolar lavage fluid smears, pus smears and pleural effusion smears
c White blood cells increase or decrease: white blood cell count lower than 4*109/L or higher than 10*109/L
d Erythrocyte sedimentation rate increase: erythrocyte sedimentation rate > 15mm/h for men and > 20mm/h for women
e C-reactive protein increase: C-reactive protein > 10mg/L
f Anemia: hemoglobin < 120g/L for men, and < 110g/L for women and children
g Hypoalbuminemia: albumin < 35g/L

Characteristics Patients, N (%)

Follow-up period(Median, IQR(days)) 356 (216.5—398.5)

Gender

Male 128 (61.5)

Female 80 (38.5)

Age(Median, IQR(years old)) 52.0 (32.0—67.0)

Smoking 49 (23.6)

Alcohol drinking 46 (22.1)

BMI(Median, IQR(Kg/m2)) 20.4 (18.1—22.5)

Comorbidities 82 (39.4)

Diabetes 21 (10.1)

Chronic lung diseases 38 (18.3)

HIV 4 (1.9)

Autoimmune diseases 7 (3.4)

Malignant tumor 25 (12.0)

Liver cirrhosis 7 (3.4)

Use of immunosuppressive agents 17 (8.2)

Fever 68 (32.7)

Antibiotic use before treatment 104 (50.0)

Previous TB treatment history 16 (7.7)

Tuberculosis types

Type-I primary pulmonary tuberculosis 0 (0.0)

Type-II hematogenous disseminated pulmonary tuberculosis 2 (1.0)

Type-III secondary pulmonary tuberculosis 195 (93.8)

Type-IV tuberculous pleurisy 7 (3.4)

Type-V other extra-pulmonary tuberculosis 20 (9.6)

Acid-fast bacilli (smear)b

Positive 119 (57.2)

Negative 89 (42.8)

Blood interferon gamma release assay(IGRA)

Positive 189 (90.9)

Negative 19 (9.1)

Laboratory tests

White blood cells increase or decrease c 45 (21.6)

Erythrocyte sedimentation rate increase d 143 (68.8)

C-reactive protein increasee 155 (74.5)

Anemia f 61 (29.3)

Hypoalbuminemia g 72 (34.6)

Pulmonary CT features

Bilateral pulmonary lesions 155 (74.5)

Pulmonary cavities 64 (30.8)

Extensive (or advanced) TB disease 16 (7.7)

Severe extrapulmonary TB 7 (3.4)

TB severity score(Median, IQR) 5.0 (3.0—7.0)
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of MDR/RR-TB. 84.6%(11/13) pre-XDR-TB cases were 
resistant to isoniazid. 8.6%(5/58) Hr-TB cases were resist-
ant to fluoroquinolones (Table 4).

Treatment outcomes
Among 208 DR-TB cases, the overall successful out-
come rate was 76.0% (158/208). 5.8% (12/208) of DR-TB 
patients were lost to follow up (Table 5).

Of the successful outcome rates for the 5 types of 
DR-TB, other types of DR-TB (including Ethambu-
tol resistance and Streptomycin resistance) was the 
highest (86.5%, 64/74). The successful outcome rate of 
MDR/RR-TB (59.5%, 25/42) was higher than that of 

Table 4  Classifications of DR-TB patients (n = 208)

a MDR/RR-TB: rifampicin-resistant TB (RR-TB) or multidrug-resistant TB (MDR-TB, defined as resistance to both rifampicin and isoniazid)
b Pre-XDR-TB: pre-extensively drug-resistant TB, defined as TB that is resistant to rifampicin and any fluoroquinolones
c Hr-TB: isoniazid-resistant but rifampicin-susceptible TB
d FQs-hr-TB: fluoroquinolones-resistant TB, but susceptible to rifampicin and isoniazid

Classifications of drug resistance Patients, N(%) Successful 
Outcomes, 
N(%)

Unsuccessful 
Outcomes, 
N(%)

MDR/RR-TB a 42 (20.2) 25 (12.0) 17 (8.2)

Rifampicin resistance 8 (3.8) 8 (3.8) 0 (0.0)

Rifampicin + Streptomycin resistance 3 (1.4) 1 (0.5) 2 (1.0)

Rifampicin + Isoniazid resistance 10 (4.8) 6 (2.9) 4 (1.9)

Rifampicin + Isoniazid + Ethambutol resistance 1 (0.5) 1 (0.5) 0 (0.0)

Rifampicin + Isoniazid + Streptomycin resistance 11 (5.3) 6 (2.9) 5 (2.4)

Rifampicin + Isoniazid + Ethambutol + Streptomycin resistance 9 (4.3) 3 (1.4) 6 (2.9)

Pre-XDR-TBb 13 (6.3) 5 (2.4) 8 (3.8)

Rifampicin + Isoniazid + Fluoroquinolones resistance 1 (0.5) 1 (0.5) 0 (0.0)

Rifampicin + Isoniazid + Ethambutol + Fluoroquinolones resistance 2 (1.0) 0 (0.0) 2 (1.0)

Rifampicin + Isoniazid + Streptomycin + Fluoroquinolones resistance 3 (1.4) 0 (0.0) 3 (1.4)

Rifampicin + Isoniazid + Ethambutol + Streptomycin + Fluoroquinolones 
resistance

5 (2.4) 3 (1.4) 2 (1.0)

Rifampicin + Fluoroquinolones resistance 1 (0.5) 1 (0.5) 0 (0.0)

Rifampicin + Ethambutol + Fluoroquinolones resistance 1 (0.5) 0 (0.0) 1 (0.5)

Hr-TBc 58 (27.9) 50 (24.0) 8 (3.8)

Isoniazid resistance 33 (15.9) 27 (13.0) 6 (2.9)

Isoniazid + Streptomycin resistance 20 (9.6) 18 (8.7) 2 (1.0)

Isoniazid + Fluoroquinolones resistance 1 (0.5) 1 (0.5) 0 (0.0)

Isoniazid + Fluoroquinolones + Streptomycin resistance 2 (1.0) 2 (1.0) 0 (0.0)

Isoniazid + Fluoroquinolones + Ethambutol + Streptomycin resistance 2 (1.0) 2 (1.0) 0 (0.0)

FQs-hr-TBd 21 (10.1) 14 (6.7) 7 (3.4)

Fluoroquinolones resistance 18 (8.7) 12 (5.8) 6 (2.9)

Fluoroquinolones + Streptomycin resistance 2 (1.0) 1 (0.5) 1 (0.5)

Fluoroquinolones + Ethambutol + Streptomycin resistance 1 (0.5) 1 (0.5) 0 (0.0)

Other types of DR-TB 74 (35.6) 64 (30.8) 10 (4.8)

Ethambutol resistance 5 (2.4) 4 (1.9) 1 (0.5)

Streptomycin resistance 69 (33.2) 60 (28.8) 9 (4.3)

Table 5  Treatment outcomes in DR-TB patients (n = 208)

a All outcomes of DR-TB patients were followed until June 30, 2023

TB Outcomes a Total, N(%)

Successful outcomes 158 (76.0)

Cured 125 (60.1)

Treatment completed 33 (15.9)

Unsuccessful outcomes 50 (24.0)

Failure 24 (11.5)

Died 14 (6.7)

Lost to follow up 12 (5.8)

Total 208 (100.0)
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pre-XDR-TB (38.5%, 5/13), which had the lowest success-
ful outcome rate (Table 4).

Risk factors for poor outcomes
Multivariate logistic analysis showed that old age (AOR 
1.03; 95%CI 1.01—1.05), previous TB treatment history 
(AOR 5.03; 95%CI 1.33—18.99), higher TB severity score 
(AOR 1.48; 95%CI 1.09—2.03), MDR/RR-TB (AOR 8.34; 
95%CI 2.99—23.24) and pre-XDR-TB (AOR 9.50; 95%CI 
2.24—40.26) were independent risk factors for unsuc-
cessful outcomes (Table 6).

Discussion
In this prospective study, we analyzed 208 DR-TB cases 
after standardized treatment in three designated TB hos-
pitals from 2017—2021 in Zhejiang Province, China, in 
order to evaluate the treatment outcomes of DR-TB and 
identify the risk factors for poor outcomes. The overall 
successful outcomes rate (76.0%) in this study achieved 
the WHO target (> 75%), and higher than that reported 
in Pakistan (63.9%), Ethiopia (63.8%), Brazil (63.4%), and 
Morocco (53.5%) [14–17]. It is worth mentioning that 
compared with the results of Jiang et al. [18], this study 
found that the overall treatment success rate of DR-TB 
patients in Zhejiang, China from 2017 to 2021 (76.0%) 
was higher than that in 2015 (73.5%) and 2016 (69.2%) 
[18]. For MDR/RR-TB, the treatment success rate in this 
study (59.5%, 25/42) was higher than the data reported 
by WHO in China (55.9%, 30 388/54 365) from 2017 to 
2022, and it was higher than that reported in the pooled 
cure rate in a meta-analysis (55.6%), Colombia (49.9%), 
Armenia and Abkhazia (43.5%), India (38.6%) and 
Ukraine (18.1%), but lower than that reported in Sudan 
(63.5%) [2, 19–24].

It was shown that age (AOR 1.03) was an independent 
risk factor for poor outcomes. A retrospective study from 
Uzbekistan from 2013 to 2018 suggested that DR-TB 
patients aged > 30 years had approximately twofold risk 
for unsuccessful treatment outcomes (ARR 1.9–2.2), and 
those aged > 50 years had an ARR of 2.2 [25]. Age over 
60 years old was also confirmed as a risk factor of poor 
outcomes, and was mentioned in a retrospective study 
of DR-TB from Pakistan (AOR: 3.34) and another study 
of MDR/XDR-TB in China (OR, 9.053) [26, 27]. Previ-
ous studies have shown increased rates of diabetes, alco-
hol abuse and chronic lung disease in people over 40, 
may affect TB treatment outcomes [28]. An analysis of 
the incidence and mortality of TB in China from 2004 to 
2019 also showed that patients over 60 years had a higher 
risk of TB death [29].

Previous TB treatment history (AOR 5.03) was one 
of the most important epidemiological features in TB 
patients, as it refers to TB patients who have failed initial 

treatment or relapsed, or who have been treated irregu-
larly for more than a month [30]. It has been shown that 
previous TB treatment was associated with TB resistance 
and increased the risk of poor outcomes [31, 32]. The fac-
tors leading to previous TB treatment included complex-
ity of disease conditions, poor economic conditions, and 
difficulty in tolerating side effects of drugs. These patients 
were also more likely to have unsuccessful treatment out-
comes again and need more attention.

Higher TB severity score (AOR 1.48) was another inde-
pendent risk factor for DR-TB patients’ poor outcomes. 
WHO defined extensive (or advanced) TB disease and 
severe extrapulmonary TB emphatically, bilateral cavitary 
disease, extensive parenchymal damage, miliary TB or TB 
meningitis could cause death and other undesired results 
[12]. The study by Lytvynenko suggested that pulmonary 
cavities are a risk factor for poor outcomes in MDR-TB 
and XDR-TB [33]. A study from Ethiopia showed that 
DR-TB patients with bilateral lung cavities on baseline 
chest X-rays were at a high risk (AOR 12.08) for unfa-
vorable outcomes [34]. A 10-year study from the Nether-
lands showed that miliary and central nervous system TB 
(OR 15.60) might also be a predictor of TB mortality [35]. 
However, when these factors were analyzed separately 
in this study, no significant difference between the two 
groups was found. Therefore, we developed a scoring sys-
tem for the severity of DR-TB, and after integrating the 
factors mentioned by the WHO and other studies, it was 
found that patients in the poor outcome group had more 
severe TB. There were also some studies with detailed 
chest radiography scores for pulmonary TB, but we pre-
ferred a clinical assessment of the disease [36, 37]. This 
simple scoring system helped us to integrate a portion of 
the influencing factors when the sample size was small, 
and we would be interested in refining it further in future 
studies.

MDR/RR-TB (AOR 8.34) and pre-XDR-TB (AOR 
9.50) had the highest risk for poor outcomes, which was 
enough for clinicians to pay attention to. The negative 
impact of MDR/RR-TB and pre-XDR-TB on the treat-
ment of TB patients was clear, as they directly led to the 
failure of the bactericidal action of rifampicin, isoniazid 
and fluoroquinolones, and have been proven to be asso-
ciated with poor treatment outcomes [12]. MDR/RR-TB 
and pre-XDR-TB patients also need to take at least two 
alternative second-line drugs, which may increase the 
financial burden of patients, as well as unexpected side 
effects, increasing the rate of unsuccessful treatment.

There are certain limitations in this study. Firstly, the 
study was conducted in only three medical centers, and 
the sample size was not large enough to allow for more 
detailed stratified analysis — which may be prone to 
bias and unstable results. Secondly, in the latest WHO 
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Table 6  Analysis of risk factors for poor outcomes in DR-TB patients (n = 208)

Characteristics Successful 
Outcomes 
(n = 158), N(%)

Unsuccessful 
Outcomes (n = 50), 
N(%)

COR (95% CI) AOR (95% CI)

Gender

Male 96 (60.8) 32 (64.0) 1.15 (0.59—2.22) -b

Female 62 (39.2) 18 (36.0) Referent a -

Age(Median, IQR(years old)) 50.0 (31.5—66.0) 56.0 (43.5—69.5) 1.02 (1.00—1.03)* 1.03 (1.01—1.05)*

Smoking 42 (26.6) 6 (12.0) 0.40 (0.13—1.24) -

Alcohol drinking 37 (23.4) 8 (16.0) 0.62 (0.22—1.76) -

BMI(Median, IQR(Kg/m2)) 20.4 (18.3—22.5) 20.2 (17.2—23.6) 1.01 (0.88—1.17) -

Comorbidities 57 (36.1) 26 (52.0) 1.85 (0.95—3.64) -

Diabetes 14 (8.9) 7 (14.0) 1.59 (0.57—4.45) -

Chronic lung diseases 26 (16.5) 12 (24.0) 1.66 (0.74—3.72) -

HIV 2 (1.3) 2 (4.0) 3.37 (0.46—24.65) -

Autoimmune diseases 2 (1.3) 4 (8.0) 7.07 (1.25—40.00)* 6.44 (0.60—68.86)

Malignant tumor 18 (11.4) 7 (14.0) 1.18 (0.43—3.19) -

Liver cirrhosis 4 (2.5) 2 (4.0) 1.66 (0.29—9.39) -

Use of immunosuppressive 
agents

12 (7.6) 6 (12.0) 1.55 (0.51—4.71) -

Fever 54 (34.2) 14 (28.0) 0.79 (0.38—1.63) -

Antibiotic use before treatment 84 (53.2) 19 (38.0) 0.54 (0.24—1.25) -

Previous TB treatment history 7 (4.4) 9 (18.0) 4.85 (1.70—13.83)** 5.03 (1.33—18.99)*

Tuberculosis types

Type-I primary pulmonary 
tuberculosis

0 (0.0) 0 (0.0) Not includedd -

Type-II hematogenous 
disseminated pulmonary 
tuberculosis

2 (1.3) 0 (0.0) Not includede -

Type-III secondary pulmonary 
tuberculosis

150 (94.9) 45 (90.0) 0.48 (0.15—1.54) -

Type-IV tuberculous pleurisy 6 (3.8) 1 (2.0) 0.52 (0.05—4.40) -

Type-V other extra-pulmonary 
tuberculosis

12 (7.6) 8 (16.0) 2.32 (0.89—6.04) -

Acid-fast bacilli smear

Positive 84 (53.2) 35 (70.0) 2.10 (1.02—4.35)* 2.02 (0.78—5.24)

Negative 74 (46.8) 15 (30.0) Referent Referent

Blood interferon gamma release assay(IGRA)

Positive 142 (89.9) 48 (96.0) 2.19 (0.47—10.13) -

Negative 16 (10.1) 2 (4.0) Referent -

Laboratory tests

White blood cell increase 
or decrease

33 (20.9) 13 (26.0) 1.28 (0.58—2.83) -

Erythrocyte sedimentation rate 
increase

105 (66.5) 39 (78.0) 1.71 (0.68—4.34) -

C-reactive protein increase 113 (71.5) 43 (86.0) 2.31 (0.83—6.44) -

Anemia 38 (24.1) 23 (46.0) 2.60 (1.28—5.27)** 1.60 (0.62—4.17)

Hypoalbuminemia 50 (31.6) 22 (44.0) 1.71 (0.85—3.44) -

Pulmonary CT features

Bilateral pulmonary lesions 119 (75.3) 36 (72.0) 0.84 (0.39—1.81) -

Pulmonary cavities 44 (27.8) 21 (42.0) 1.87 (0.92—3.79) -

Extensive (or advanced) TB 
disease

11 (7.0) 5 (10.0) 1.89 (0.60—5.99) -

Severe extrapulmonary TB 5 (3.2) 2 (4.0) 1.64 (0.29—9.27) -
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guidelines (2021), MeltPro® XDR-TB (MeltPro, Xiamen 
Zeesan Biotech Co., Ltd., China) was considered to have 
insufficient evidence and lacked independent evalua-
tions, which resulted in MeltPro not being approved by 
WHO for routine TB DST [38]. Although increasing 
evidence in recent years has shown that the MeltPro TB 
assay may serve as an effective alternative to rapid DST of 
TB, this method may still yield results inconsistent with 
phenotypic DST, potentially leading to incorrect group-
ing and clinical decision-making of some cases [39–41]. 
Finally, we did not test enough types of drugs to assess 
whether resistance to other drugs such as pyrazinamide 
and second-line drugs was responsible for the poor out-
comes, nor were the XDR-TB cases classified. We will 
strive to overcome the above limitations in future studies.

Conclusions
The treatment success rate of DR-TB patients in this 
study reached that of WHO standard (75%). Physi-
cians should be alert to the possibility of poor outcomes 
in DR-TB patients with old age, previous TB treatment 
history, high TB severity score, and MDR/RR-TB or 
pre-XDR-TB.
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Table 6  (continued)

Characteristics Successful 
Outcomes 
(n = 158), N(%)

Unsuccessful 
Outcomes (n = 50), 
N(%)

COR (95% CI) AOR (95% CI)

Gender

TB severity score(Median, IQR) 4.0 (2.0—5.0) 5.0 (3.0—7.3) 1.30 (1.02—1.67)* 1.48 (1.09—2.03)*

Classifications of DR-TBf

MDR/RR-TB 25 (15.8) 17 (34.0) 2.74 (1.33—5.66)** 8.34 (2.99—23.24)**

Pre-XDR-TB 5 (3.2) 8 (16.0) 5.83 (1.81—18.75)** 9.50 (2.24—40.26)**

Hr-TB 50 (31.6) 8 (16.0) 0.41 (0.18—0.94)* 0.85 (0.25—2.87)

FQs-hr-TB 14 (8.9) 7 (14.0) 1.67 (0.64—4.41) -
* P < 0.05
** P < 0.01
a Referent: In SPSS 22.0 software, binary variables were assigned values of 1 and 0 when performing binary logistics regression, and 0 was the reference value
b  -: Variables with P ≥ 0.05 in univariate analysis were not included in multivariate analysis, and there was no AOR. 
c  Variables used as reference values in the four categorical variables. Meanwhile, no significance was found for the other variables when used separately as reference 
values
d Both groups of variables were 0 (0.0%), so they were not included in the analysis
e The P value of binary logistics regression analysis was > 0.99, and the COR value was not obtained, so this variable was not included in the analysis
f MDR/RR-TB: multidrug-resistant TB (MDR-TB, defined as resistance to both rifampicin and isoniazid) or rifampicin-resistant TB (RR-TB); pre-XDR-TB: pre-extensively 
drug-resistant TB, defined as TB that is resistant to rifampicin and any fluoroquinolones; Hr-TB: isoniazid-resistant but rifampicin-susceptible TB; FQs-hr-TB: 
fluoroquinolones-resistant TB, but susceptible to rifampicin and isoniazid
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