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Abstract: Objective: To determine the effect of linezolid on the efficacy, sputum negative conversion rate (SNCR), and 
focus absorption rate (FAR) in patients with extensively drug-resistant pulmonary tuberculosis (XDR-TB). Methods: 
A total of 89 patients with XDR-TB who were hospitalized in our hospital from July 2017 to December 2018 were 
enrolled and assigned to an observation group (obs group, n=48) and a control group (con group, n=41). The con 
group was treated conventionally, while the obs group was treated with linezolid in addition to the treatment of the 
con group. Then the two groups were compared in clinical efficacy, imaging changes, sputum examination results, 
FAR, life quality score (MOS 36-Item Short-Form Health Survey (SF-36)), and adverse reactions. Results: The total 
effective rate of the obs group was significantly higher than that of the con group (P<0.05), and the obs group 
showed significantly better clinical symptom amelioration and higher FAR and SNCR than the con group (all P<0.05). 
In addition, after 6, 12, and 18 months of treatment, the life quality score of the obs group was significantly better 
than that of the con group, and there was no significant difference between the two groups in adverse reactions. 
Conclusion: Linezolid is beneficial to the treatment efficacy, SNCR, and FAR in patients with XDR-TB, so it is worthy 
of clinical promotion.
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Introduction

According to a 2018 annual report on tubercu-
losis released by the World Health Organization 
(WHO), tuberculosis is currently one of the top 
ten death-related diseases and also an infec-
tious disease that causes the largest number 
of deaths [1]. According to statistics, there were 
about 10 million new cases of tuberculosis in 
2017 [2]. Multi-drug resistant pulmonary tuber-
culosis is a disease where mycobacterium 
tuberculosis infection in patients is verified to 
be drug resistant to at least two anti-tubercu-
lous drugs, isoniazid and rifampicin, at the 
same time through an in vitro drug sensitivity 
test (DST) [3]. At present, the global epidemic 
situation of extensively drug-resistant pulmo-
nary tuberculosis (XDR-TB) is serious. XDR-TB is 
an intractable disease with various adverse 
reactions, which requires a long course of treat-
ment and high treatment cost, so it is urgent to 
find new therapeutic drugs to treat it [4, 5].

Linezolid, is an artificially synthesized oxazolidi-
none antibiotic, and is an inhibitor of bacterial 
protein synthesis, which has a unique structure 
and mechanism, high antibacterial activity 
against gram-positive bacteria and strong  
tissue penetration, and causes few adverse 
reactions [6-8]. It was first used to treat in- 
fectious diseases caused by gram-positive 
cocci, including hospital-acquired pneumonia 
triggered by methicillin-resistant staphylococ-
cus aureus, community-acquired pneumonia, 
and skin, and soft tissue infections [9, 10]. 
Different from other antibacterial drugs, line-
zolid has little effect on the activity of peptidyl 
transferase and it can inhibit the binding of 
mRNA gene nucleotide of the 50S ribosome 
subunit with ribosomes, prevent the formation 
of bacterial 70S ribosome complex, and inhibit 
bacterial protein synthesis, to take an antibac-
terial role [11, 12]. However, at this point, there 
are few studies on its efficacy on patients with 
XDR-TB. 
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Therefore, this study treated 89 patients with 
XDR-TB with linezolid combined with conven-
tional treatment or conventional treatment 
alone to explore the safety and efficacy of line-
zolid in patients with XDR-TB, with the goal of 
providing a clinical basis for the prevention and 
treatment of the disease.

Materials and methods

General data

A total of 89 patients with XDR-TB who were 
hospitalized in our hospital from July 2017 to 
December 2018 were enrolled and assigned to 
an observation group (obs group) and a control 
group (con group). The obs group consisted of 
48 patients, including 25 males and 23 
females, and the con group consisted of 41 
patients, including 22 males and 19 females. 
All patients signed informed consent forms 
after understanding the study. This study was 
approved by the Ethics Committee of our hospi-
tal. The inclusion criteria of the patients were 
as follows: Patients between 18 and 60 years 
old, patients whose mycobacterium tuberculo-
sis was positive after sputum culture within 2 
months before treatment, patients diagnosed 
with XDR-TB according to drug sensitive test 
(diagnosed according to the diagnostic criteria 
of WHO) [13], namely patients with infected 
mycobacterium tuberculosis resistant to isonia-
zid and rifampicin, patients who were willing to 
receive treatment with linezolid, patients who 
signed informed consent forms, patients who 
showed a tuberculosis focus in chest-radiogra-
phy on the day of admission, and those whose 
sputum smear was positive one week before 
treatment. The exclusion criteria of the patients: 
Patients allergic to linezolid, patients with 
severe comorbid liver or kidney function obsta-
cle or hematopoietic system diseases, patients 
with serious comorbid basic diseases such as 
tumors or AIDS, patients with cognitive dys-
function or who were unable to cooperate with 
treatment, and women who were pregnant or 
lactating women.

Treatment methods

Patients in the con group were treated with 
high-dose isoniazide (16 mg/(kg·d; H13024376, 
Tianzhi Pharmaceutical Co., Ltd., Hebei, China), 
pyrazinamide (H33020647, Haizhou Pharma- 
ceutical Co., Ltd., Zhejiang, China), moxifloxacin 

(H20183246, Dongyangguang Pharmaceuti- 
cal Co., Ltd., Guangdong, China), or amikacin 
(H32021407, Suzhou Pharmaceutical Factory 
of Wuzhong Medicine Group Co., Ltd., Suzhou, 
China), and a reasonable treatment regimen 
was formulated according to the actual condi-
tion of patients. Patients in the obs group were 
treated with linezolid (H20193189, Huapong 
Pharmaceutical Co., Ltd., Chongqing, China) in 
addition to the conventional treatment: Each 
patient was asked to orally take linezolid (0.6 g 
each time and twice a day) for 4-8 continuous 
weeks. The drug resistance and adverse reac-
tions of the patients were analyzed, on which 
the application frequency of linezolid was 
adjusted to once a day. Both groups were treat-
ed continuously for 4-10 months. 

Outcome measures

The lung of each patient was checked through 
X-ray examination, and the time of cavity shrink-
age (the shrinkage exceeded 1/2 of the original 
cavity diameter) and the time of cavity closure 
(cavity closure or complete closure of occlu-
sion) of each patient were recorded. Sputum  
of each patient was sampled, and prepared  
as a sputum smear for acid-fast stain test. 
Mycobacterium tuberculosis in sputum sam-
ples was cultured, and polymerase chain reac-
tion (PCR) was carried out. Additionally, sputum 
deoxyribonucleic acid (DNA) was extracted, and 
pretreated to prepare standard products. Real-
time PCR conditions were established, and the 
standard products were subjected to arose gel 
electrophoresis. Then assays were carried out 
for the products after sequencing. The time of 
sputum smear turning negative, sputum culture 
turning negative, and sputum quantitative PCR 
turning negative were recorded (the result that 
the sputum was negative and did not turn posi-
tive for 2 consecutive months was regarded as 
sputum turning negative). Moreover, the life 
quality of the patients was scored using the 
MOS 36-Item Short-Form Health Survey (SF-
36) before treatment [14], and at 6, 12, and 18 
months after treatment, including social func-
tion, mental health, activity, emotional role, and 
overall health. The score was directly propor-
tional to life quality. The liver and kidney func-
tion, indexes of routine blood and urine test, 
coagulation indexes, and electrocardiographic 
parameters of the patients were monitored 
weekly, and the incidence of adverse reactions 
was recorded. Moreover, both groups were fol-
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Table 1. Comparison of basic data between the two groups
Factors The observation group (n=48) The control group (n=41) T/χ2 value P-value
Sex
    Male 25 (52.08) 22 (53.66) 0.121 0.728 
    Female 23 (47.92) 19 (46.34)
Age (Y) 35.89±7.25 34.37±5.41 1.105 0.272 
Course of disease 12.87±3.65 11.83±2.82 1.484 0.141 
Focus site
    Left lung 16 (33.33) 14 (34.15) 0.74 0.460 
    Right lung 15 (31.25) 16 (39.02)
    Two lungs 17 (35.42) 11 (26.83)
Cavity shape 0.291 0.590 
    Thick wall 34 (70.83) 24 (58.54)
    Thin wall 15 (31.25) 16 (39.02)
Comorbid diseases 1.208 0.272 
    Diabetes mellitus 2 (4.17) 1 (2.44)
    Hypertension 3 (6.25) 2 (4.88)

lowed for 18 months, and the effective treat-
ment rate and recurrence rate of the patients 
were analyzed. Effective treatment outcome 
referred to the situation where the X-ray exami-
nation showed cavity absorption and dissipa-
tion, focus shrinkage or disappearance, and 
the sputum examination for tubercle bacillus 
turned negative, and recurrence referred to the 
situation where the symptoms of cough, expec-
toration, low fever, chest tightness, and chest 
pain worsened; the X-ray chest radiography 
indicated enlarged focus, and the sputum 
screening result was positive.

Efficacy evaluation

Markedly effective [14]: Clinical symptoms dis-
appeared, imaging examination confirmed 
focus absorption and cavity healing, and the 
sputum examination result for tubercle bacillus 
was negative. Effective: Clinical symptoms were 
ameliorated significantly, imaging examination 
confirmed partial focus absorption and cavity 
healing tendency, and the sputum culture indi-
cated that tubercle bacillus was negative or 
tubercle bacillus was reduced after treatment. 
Ineffective: The clinical symptoms of the 
patients did not change, and the imaging exam-
ination showed that the focus was not absorbed 
or there were new focuses. Total effective rate 
= the number of patients with markedly effec-
tive treatment + the number of patients with 
effective treatment/the total number of 
patients ×100%.

Statistical analyses

All data were statistically analyzed by SPSS 
22.0. Enumeration data were analyzed by t 
test. Expression at multiple time points was 
compared using the repeated measures analy-
sis of variance. Enumeration data were 
expressed by %, and compared using the χ2. 
P<0.05 indicated a significant difference.

Results

Comparison of basic data between the two 
groups

The comparison of basic data between the two 
groups showed that there was no significant 
difference between the obs group and the con 
group in basic data including sex, age, course 
of disease, focus site, cavity shape, as well as 
comorbid diseases (all P>0.05) (Table 1).

Comparison of efficacy between the two 
groups

After treatment, the obs group showed a total 
effective rate of 85.42%, including 18 patients 
with markedly effective treatment and 23 
patients with effective treatment; while the con 
group showed a total effective rate of 46.34%, 
including 7 patients with markedly effective 
treatment and 12 patients with effective treat-
ment, so the total effective rates of the two 
groups were significantly different (P<0.05) 
(Table 2).
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Table 2. Comparison of efficacy between the two groups [n (%)]

Group n Patients with marked 
effective treatment

Patients with effec-
tive treatment

Patients without 
effective treatment

Patients with markedly  
effective or effective treatment

The observation group 48 18 (37.50) 23 (47.92) 7 (14.58) 41 (85.42)
The control group 41 7 (17.07) 12 (29.27) 22 (53.66) 19 (46.34)
χ2 - - - - 15.370 
P - - - - <0.001

Comparison of sputum negative conversion 
rate (SNCR) between the two groups after 
treatment

The SNCRs of the obs group and the con group 
increased gradually at 2, 4, 6, 8, 10, and 12 
months after treatment. At these time points, 
the SNCR of the obs group (25.17%, 70.46%, 
79.38%, 85.66%, 88.83%, and 89.95%) was 
significantly higher than that of the con group 
(10.68%, 30.51%, 45.55%, 53.45%, 55.70%, 
and 55.85%) (all P<0.05) (Table 3 and Figure 
1).

Comparison of focus absorption rate (FAR) be-
tween the two groups

The FARs of the obs group and the con group 
increased gradually at 2, 4, 6, 8, 10, and 12 
months after treatment. At these time points, 
the FAR of the obs group (59.31%, 70.41%, 
83.54%, 88.46%, 92.79%, and 93.40%, 
respectively) was significantly higher than that 
of the con group (40.78%, 42.47%, 55.13%, 
57.16%, 58.42%, and 58.73%, respectively) (all 
P<0.05) (Table 4 and Figure 2).

Comparison of life quality score between the 
two groups

Before treatment, there was no significant dif-
ference between the obs group and the con 
group in life quality score (P>0.05). At 6 and 12 
months after treatment, the life quality scores 
of both groups significantly increased (P<0.05), 
while the increase in the obs group was signifi-
cantly higher than that of the con group 
(P<0.05) (Table 5).

Comparison of adverse reactions between the 
two groups

In the obs group, there were 21 patients with 
adverse reactions, including 10 patients with 
gastrointestinal reaction, 4 patients with 
peripheral neuritis, 7 patients with adverse 
reactions related to the blood; while in the con 
group, there were 20 patients with adverse 
reactions, including 11 patients with gastroin-
testinal reaction, 2 patients with liver and kid-
ney function injury, 3 patients with peripheral 

Table 3. SNCRs of the two groups after treatment (
_
x  ± sd) (%)

Group n At 2 months 
after treatment

At 4 months 
after treatment

At 6 months af-
ter treatment

At 8 months 
after treatment

At 10 months 
after treatment

At 12 months 
after treatment

The observation group 48 25.17±3.83 70.46±4.42 79.38±4.83 85.66±4.1 88.83±5.43 89.95±4.97

The control group 41 10.68±2.18 30.51±3.51 45.55±5.17 53.45±5.38 55.70±5.71 55.85±4.51

t - 21.430 46.650 31.890 32.010 28.020 33.660 

P - <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Figure 1. Comparison of SNCR between the obser-
vation group and the control group after treatment. 
The SNCRs of the two groups increased gradually at 
2, 4, 6, 8, 10, and 12 months after treatment, and 
at these time points, the SNCR of the observation 
group was significantly higher than that of the control 
group (all P<0.05). Note: * indicates a significant dif-
ference compared with the control group.
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Table 4. Comparison of FAR between the two groups (
_
x  ± sd) (%)

Group n At 2 months 
after treatment

At 4 months 
after treatment

At 6 months af-
ter treatment

At 8 months 
after treatment

At 10 months 
after treatment

At 12 months 
after treatment

The observation group 48 59.31±4.58 70.41±5.71 83.54±5.32 88.46±4.26 92.79±4.74 93.40±3.26

The control group 41 40.78±4.28 42.47±4.43 55.13±5.22 57.16±5.89 58.42±4.14 58.73±5.90

t - 19.600 25.460 25.330 29.000 36.120 34.960 

P - <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

neuritis, and 4 patients with adverse reactions 
related in the blood. Therefore, there was no 
significant difference in adverse reactions 
between the two groups (P>0.05) (Table 6).

Discussion

The problem of drug resistance of mycobacte-
rium tuberculosis is becoming increasingly seri-
ous throughout the world, especially in devel-
oping countries, but the choice of drugs for the 
treatment of multidrug-resistant tuberculosis is 
extremely limited, so it is necessary to stan-
dardize the use of new clinical drugs for the 
treatment of drug-resistant tuberculosis and 
evaluate their safety [15, 16]. XDR-TB is resis-
tant to first-line anti-TB drugs such as isonia-
zide and rifampicin, and there are few new anti-
tuberculosis drugs on the market in recent 
years. Therefore, it is particularly necessary to 
select highly effective combination treatment 
schemes against XDR-TB in clinical diagnosis 
and treatment [17].

Linezolid is an oxazolidinone antibacterial drug, 
which is mainly used to control infection 
induced by vancomycin-resistant Gram-positive 
cocci. Recent studies have demonstrated that 
linezolid has good anti-mycobacterium tubercu-
losis effects and strong antibacterial activity 
against multidrug-resistant strains. With a good 
distribution capability in various tissues and 
organs, effective components of linezolid can 
penetrate the blood-brain barrier, and present 
with a high concentration in the lung and cere-
brospinal fluid [18]. Oxazolidinone antibiotic 
has activity against mycobacterium tuberculo-
sis in vitro and can be adopted to treat early 
XDR-TB [19]. In some studies, in vitro and ani-
mal experiments have revealed that linezolid 
has anti-mycobacterium tuberculosis effects 
[20, 21], and the patient tolerance to it is rela-
tively good [22]. Many clinical trials have veri-
fied the therapeutic effect of linezolid in 
patients with drug-resistant tuberculosis [23-
25]. In this study, the con group was treated 
with conventional chemotherapy of extensive-
drug resistant tuberculosis, while the obs group 
was treated with individualized chemotherapy 
of linezolid. It came out that the total effective 
rate of the obs group was significantly higher 
than that of the con group (P<0 05). Additionally, 
the clinical symptom amelioration and focus 
absorption based on imaging of the obs group 
were significantly better than those of the con 
group, and the sputum negative conversion 
time of the obs group was shorter. One study by 
Agyeman et al. [26] has revealed that linezolid 
is a feasible choice for the treatment of multi-
drug resistant pulmonary tuberculosis and 
XDR-TB, and the success rate and sputum neg-
ative conversion rate of linezolid combined with 
other treatment were 77.36% (95% CI: 
71.38~82.839) and 88.45%, respectively, 
which are similar to the results of our study. It 
indicates that linezolid can effectively amelio-
rate patients’ symptoms and accelerate spu-
tum negative conversion. Linezolid inhibits the 
formation of the 70S initiating complex and 
effectively disrupts the production of bacterial 

Figure 2. Comparison of FAR between the observa-
tion group and the control group after treatment. The 
FARs of the two groups increased gradually at 2, 4, 6, 
8, 10, and 12 months after treatment, and at these 
time points, the FAR of the observation group was 
significantly higher than that of the control group (all 
P<0.05). Note: * indicates a significant difference 
compared with the control group.
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Table 5. Life quality score of the two groups (
_
x  ± sd)

Group n Before treatment At 6 months after treatment At 12 months after treatment
The observation group 48 45.92±5.50 60.51±5.27* 65.67±4.26*

The control group 41 44.83±5.21 49.77±4.3* 57.22±3.50*

t - 0.955 10.420 10.110 
P - 0.342 <0.001 <0.001
Note: *indicates that in comparison with the situation of the same group before treatment, P<0.05.

protein by binding to the 23S locus of the 50S 
ribosome peptidyl-transfer center (PTC), thus 
exerting an anti-tuberculous effect [27]. Unlike 
other anti-tuberculosis drugs, linezolid has a 
very different action locus for inhibiting the pro-
duction of tuberculo-protein and can strongly 
kill tubercle bacillus. It can even prevent the 
mutation of tubercle bacillus at a very low con-
centration, and it has a large area under the 
pharmacokinetic curve of tubercle bacillus, so 
it does not easily induce natural drug resis-
tance [28]. Therefore, linezolid can provide a 
relatively good effect in treating resistant 
tuberculosis.

However, the safety of linezolid in the long-term 
therapy of extensively drug-resistant tuberculo-
sis is still controversial. In this study, there was 
no significant difference in the incidence of 
adverse reactions between the obs group and 
the con group, which was different from the 
above conclusions. In addition, in this study, 
the symptoms of patients were ameliorated 
after symptomatic intervention or drug with-
drawal, and gastrointestinal tract reactions 
were the most common adverse reactions, 
which may be related to the use of high-dosage 
linezolid during the intensive treatment period. 
This study also revealed that the life quality 
score of the obs group was higher than that of 
the con group at 6, 12, and 18 months after 
treatment, indicating that individualized che-
motherapy regimen of linezolid can effectively 
improve the short-term life quality of patients 
with XDR-TB.

Although this study has confirmed the efficacy 
of linezolid on patients with XDR-TB, a multi-
center, large-sample, and long-term clinical 
observation research is still required to provide 
more powerful basis and more clinical medica-
tion experience to better serve the clinical 
treatment purpose of the disease.

To sum up, linezolid improves the efficacy, 
SNCR, and FAR in patients with XDR-TB, with a 
relatively high safety, and it also has advantag-
es in recovery time, recurrence, and effective 
treatment for the patients, so it is worthy of 
clinical promotion.
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