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Abstract: Objective: To systematically evaluate the clinical effect and reliability of linezolid in the treatment of pul-
monary tuberculosis complicated with severe pneumonia. Methods: A comprehensive search was conducted to 
screen the published literature on linezolid therapy in pulmonary tuberculosis complicated with severe pneumonia 
in PubMed, Embase, Web of Science, Cochrane Library, and published databases of China National Knowledge In-
frastructure. After screening the internal data of the literature, the quality of the literature was assessed uniformly. 
RevMan5.3 was used for meta-analysis. Results: The search identified 1202 clinical patients in 24 articles. Meta-
analysis results revealed that linezolid treatment was associated with better bacterial clearance rate (OR=3.66 
[2.41, 5.58], P<0.001) and superior total clinical effective rate (OR=5.80 [3.92, 8.58], P<0.001) in patients. The 
linezolid treatment resulted in lower levels of serum inflammatory factors TNF-α (WMD=-10.75 [-13.63, -7.87], 
P<0.001), IL6 (WMD=-10.16 [-13.50, -6.82], P<0.001), and IL8 (WMD=-8.31 [-10.41, -6.21], P<0.001). There was 
no obvious distinction in the occurrence of adverse reactions between the linezolid group and the control group 
(OR=1.34 [0.86, 2.08], P=0.19). Conclusion: Linezolid combined with conventional anti-tuberculosis treatment has 
a better bacterial clearance rate and clinical total effective rate than conventional anti-tuberculosis programs with 
reliable safety. 
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Introduction

Pulmonary tuberculosis (PT) is an infectious 
disease caused by Mycobacterium tuberculo-
sis. PT damages multiple organs of the pa- 
tients, with the most common in lung [1]. Pa- 
tients with pulmonary tuberculosis show typical 
clinical symptoms including cough, low-grade 
fever, and expectoration. PT patients common-
ly suffer declined immunity and are prone to 
infections by other bacteria, resulting in severe 
pneumonia. The overall difficulty of the treat-
ment and fatality rate is high [2]. 

Linezolid is an antibiotic of the oxazolidinone 
family. The specific mechanism of action is the 
inhibition of protein synthesis in bacteria. It 
reduces bacterial growth and controls infec-

tion. In recent years, many scholars have stud-
ied the clinical effectiveness of linezolid in pul-
monary tuberculosis complicated with severe 
pneumonia. The clinical effectiveness and reli-
ability of linezolid in the therapy of pulmonary 
tuberculosis complicated with severe pneumo-
nia have not been systematically assessed in 
evidence-based medicine [3]. This study aimed 
to verify the effectiveness and reliability of line-
zolid in the treatment of pulmonary tuberculo-
sis complicated with severe pneumonia by a 
meta-analysis.

Materials and methods

Literature search

A comprehensive search was conducted to sc- 
reen the published literature on linezolid thera-
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Statistical analysis

RevMan was used for the meta-analysis. For 
enumeration data, odds ratio (OR) and 95% 
confidence intervals were used to describe the 
effect of linezolid on various observing indica-
tors. For the measured data, weighted mean 
distinction (WMD) and 95% confidence inter- 
val were used. I2 test and P value were used  
to analyze the heterogeneity among multiple 
studies. If I2>50 or P<0.1, it implied that the 
included studies had an obvious heteroge- 
neity. A random effect model was selected to 
analyze the results. If an obvious heterogeneity 
was not concluded, a fixed effect model was 
used. The funnel plot was used for the evalua-
tion of publication bias with a test level of 
α=0.05.

Results

Literature retrieval and screening

A total of 576 studies were identified after a  
literature search. There were 148 studies 
removed for duplicate literature. After the 
check of the title and abstract, 366 articles 
met the inclusion criteria. There were 217 arti-
cles unavailable for clinical data. These includ-
ed 149 reviews, case reports, conference ab- 
stracts, or monographs. We reviewed the full 
text of the remaining 62 articles. These in- 
cluded 15 articles that were excluded for no 
study endpoint, 18 articles that were excluded 
due to insufficient data, and 5 articles that 
were excluded for NOS scores below 6. After 
these exclusions, 24 articles involving 1202 
clinical patients were eligible for this study.  
The flow chart of the literature screening pro-
cess was shown in Figure 1. The basic charac-
teristics of the included literature was shown  
in Table 1.

Bacterial clearance rate

Seven studies analyzed the effect of linezolid 
on bacterial clearance. The meta-analysis fo- 
und that there was no obvious heterogeneity 
among the included studies (I2=16%, P=0.31). 
A fixed-effects model was used for analysis. 
The results revealed that the bacterial clear-
ance rate in the linezolid experimental group 
was obviously higher than that in the control 

py in pulmonary tuberculosis complicated with 
severe pneumonia. The literature searched 
included PubMed, Embase, Web of Science, 
Cochrane Library, China Biomedical Docu- 
mentation, and CNKI, up to March 2022. The 
search strategy was joint theme keywords and 
free words: (((pulmonary tuberculosis) OR (pul-
monary tuberculosis complicated with severe 
pneumonia)) OR (pulmonary tuberculosis)) AND 
(linezolid). The search languages were Chinese 
and English.

Inclusion and exclusion criteria

Inclusion criteria: RCT studies that investigated 
the patients with clinically diagnosed pulmo-
nary tuberculosis and severe pneumonia, pro-
vided relevant clinical data in terms of overall 
clinical effectiveness, bacteria clearance rate, 
inflammatory factors, and adverse reactions. 
The therapy regimen of the experimental group 
used linezolid.

Exclusion criteria: Repeated literature; reviews; 
conference reports, books, case reports, or let-
ters; failure to extract data in a timely manner 
or insufficient data.

Literature screening and data extraction

For the retrieved literature, Wanfeng Wu and Li 
Li initially read the titles and abstracts. They 
preliminarily screened out 366 articles in ac- 
cordance with the established relevant inclu-
sion and exclusion criteria. After reading the full 
text, the researchers screened out 24 articles 
that were included in the meta-analysis. Am- 
biguities or disagreements were solved by con-
sulting a third person. Li Li and Shaojun Duan 
were responsible for data extraction and cr- 
oss-checking. A third researcher reviewed the 
results. The extracted data from the included 
studies included publication year, author, coun-
try, patient sample size, study site, intervention 
measures, and outcome variables.

Literature quality assessment

Shaojun Duan and Yunyun Wang analyzed the 
quality of the included studies based on the 
Newcastle-Ottawa Scale (NOS). Articles with a 
score ≥6 were included in this study.
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Figure 1. Flow chart of literature 
retrieval.

group (OR=3.66 [2.41, 5.58], P<0.001) (Figure 
2).

Serum inflammatory factors

Ten studies analyzed the effect of linezolid  
on the serum levels of TNF-α. There was no 
obvious heterogeneity among the included 
studies (I2=0%, P=0.52). A fixed-effect model 
was selected for data analysis. The results 
showed that the bacterial clearance rate in  
the linezolid experimental group was obviously 
higher than that in the control group (WMD=-
7.84 [-10.41, -5.27], P<0.001) (Figure 3).

Six studies investigated the effect of linezolid 
on the serum level of IL6. There was an obvi- 
ous heterogeneity among the included studies 
(I2=98%, P<0.01). A random effect model was 
carried out for data analysis. The results re- 
vealed that serum IL6 in the linezolid experi-
mental group was significantly lower than that 
in the control group (WMD=-8.10 [-11.57, 
-4.63], P<0.001) (Figure 4).

Six studies examined the effect of linezolid  
on serum IL8. There was an obvious heteroge-

neity among the included  
studies (I2=94%, P<0.01). A 
random effect model was 
selected for the analysis. The 
results revealed that serum 
IL8 in the linezolid experi- 
mental group was obviou- 
sly lower than that in the  
control group (WMD=-8.08 
[-10.68, -5.49], P<0.001) (Fig- 
ure 5).

Six studies analyzed the ef- 
fect of linezolid on PCT levels 
in patients. There was no  
obvious heterogeneity among 
the included studies (I2=0%, 
P=0.97). A fixed effect model 
was used for analysis. The 
results revealed that the PCT 
level of the linezolid experi-
mental group was obviously 
lower than that in the con- 
trol group (WMD=-108.17 
[-113.07, -103.27], P<0.001) 
(Figure 6).

Six studies analyzed the effect of linezolid on 
white blood cell counts in patients. There was 
no obvious heterogeneity (I2=0%, P=0.53). A 
fixed effect model was used for analysis. The 
results revealed that the number of white blood 
cells (108/L) in the linezolid experimental group 
was obviously higher than that in the control 
group (WMD=62.09 [60.42, 65.38], P<0.001) 
(Figure 7).

Total clinical effectiveness

Thirteen studies assessed the therapy effect  
of linezolid on patients with pulmonary tubercu-
losis and severe pneumonia by calculating the 
total clinical response rate. There was no obvi-
ous heterogeneity among the included studi- 
es (I2=0%, P=0.88). A fixed effect model was 
applied. The meta analysis results revealed 
that the total effective rate of patients in the 
linezolid group was obviously higher than that 
in the control group (OR=5.80 [3.92, 8.58], 
P<0.001) (Figure 8).

Adverse reactions

A total of 13 studies recorded the adverse re- 
action rates during the treatment of pulmonary 
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Table 1. General characteristics of included publications
Author Study Site Sample Size Control Group Test Group Observation Adverse NOS 
Zhang Qiuhua [7] Huizhou, Guangdong 50/50 Isoniazid/Rifampicin/Ethambutol Intravenous linezolid, q12h, 14d C 4/1 7
Huang Yiming [8] Wuzhou, Guangxi 25/25 Isoniazid/Rifampicin/Ethambutol Intravenous linezolid, q12h, 14d C; B 6/3 8
Shi haiyan [9] Jiamusi, Heilongjiang 42/42 Isoniazid/Rifampicin/Pyrazinamide Intravenous linezolid, q12h, 14d A; B; D -- 6
Wen Yunjie [10] Cixi, Zhejiang 30/30 Isoniazid/Rifampicin/Ethambutol Intravenous linezolid, q12h, 14d A; B; C 5/2 6
Pan Lei [5] Hangzhou, Zhejiang 49/49 Isoniazid/Rifapentine/Ethambutol Intravenous linezolid, q12h, 28d A; B; C; D 6/5 8
Zhu Guochuan [11] Taiyuan, Shanxi 37/37 Isoniazid Intravenous linezolid, q12h, 14d A 2/3 7
Wen Ming [12] Changsha, Hunan 34/16 Isoniazid/Rifapentine/Ethambutol Intravenous linezolid, q12h, 28d A 2/1 7
Guan Zhiwei [13] Lingbao, Henan 32/32 Isoniazid/Rifapentine/Ethambutol Intravenous linezolid, q24h, 28d A; B 3/2 6
Jiang Yezhou [5] Changsha, Hunan 31/31 Isoniazid/Rifampicin/Pyrazinamide Intravenous linezolid, q12h, 14d A; B; D 4/3 7
Li Zhuo [14] Jinzhou, Liaoning 54/54 Isoniazid/Rifampicin/Ethambutol Intravenous linezolid, q24h, 14d A; B 5/3 8
Tsering Zhuoga [15] Tibet 33/33 Isoniazid/Rifampicin/Ethambutol Intravenous linezolid, q8h, 14d A 2/3 7
Yang Nan [6] Jinzhou, Liaoning 80/80 Isoniazid/Rifampicin/Ethambutol Intravenous linezolid, q12h, 28d A; B; C 2/1 7
Gao Yuan [16] Xinxiang, Henan 46/46 Isoniazid/Rifapentine/Ethambutol Intravenous linezolid, q12h, 28d A; B 5/3 8
Shi Yunfang [17] Jincheng, Shanxi 27/27 Isoniazid/Rifapentine/Ethambutol Intravenous linezolid, q12h, 14d A; B; C 1/1 6
Li Dong [18] Yili, Xinjiang 40/40 Isoniazid/Rifampicin/Ethambutol Intravenous linezolid, q12h, 28d A; B; C -- 6
Anger [19] USA 8/8 Isoniazid/Rifampicin/Pyrazinamide Intravenous linezolid, q12h, 28d 1/1 7
De Lorenzo [20] Italy 6/6 Isoniazid/Rifampicin/Pyrazinamide Intravenous linezolid, q12h, 28d -- 6
Fortun [21] Spain 5/5 Isoniazid/Rifampicin/Ethambutol Intravenous linezolid, q12h, 28d -- 6
Migliori [22] Germany 5/6 Isoniazid/Rifampicin/Ethambutol Intravenous linezolid, q12h, 28d -- 7
Nam [23] South Korea 22/22 Isoniazid/Rifampicin/Ethambutol Intravenous linezolid, Q24h, 14d 1/2 8
Schecter [24] USA 15/15 Isoniazid/Rifampicin/Ethambutol Intravenous linezolid, Q24h, 14d 1/2 7
Singla [25] India 15/14 Isoniazid/Rifampicin/Pyrazinamide Intravenous linezolid, q12h, 28d 1/2 8
Udwadia [26] India 9/9 Isoniazid Intravenous linezolid, Q24h, 14d -- 7
Villar [27] Portugal 8/8 Isoniazid/Rifampicin/Pyrazinamide Intravenous linezolid, q12h, 28d -- 7
Note: Observation index: A, total clinical effective rate; B, serum inflammatory factors; C, bacterial clearance rate; D, immune function protein adverse reactions.
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Figure 2. Meta-analysis of the effect of linezolid on bacterial clearance rate in tuberculosis patients with severe 
pneumonia.

Figure 3. Meta-analysis of the effect of linezolid on serum TNF-α level in tuberculosis patients with severe pneumo-
nia. 

Figure 4. Meta-analysis of the effect of linezolid on serum IL6 level in tuberculosis patients with severe pneumonia.

Figure 5. Meta-analysis of the effect of linezolid on serum IL8 level in tuberculosis patients with severe pneumonia.
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Figure 6. Meta-analysis of the effect of linezolid on the level of PCT in tuberculosis patients with severe pneumonia.

Figure 7. Meta-analysis of the effect of linezolid on white blood cell count in tuberculosis patients with severe pneu-
monia.

Figure 8. Meta-analysis of the total effective rate of patients in the linezolid trial group and the control group.

tuberculosis complicated with severe pneumo-
nia. The meta-analysis found that there was no 
obvious heterogeneity among the included 
studies (I2=0%, P=0.99). A fixed effect model 
was applied. The results revealed that there 
was no obvious distinction in the incidence of 
adverse reactions between the linezolid experi-
mental and the control group (OR=1.53 [0.95, 
2.47], P=0.08) (Figure 9).

Sensitivity and heterogeneity analysis

A perceptual analysis was implemented by 
Stata. The data of each study included in the 
analysis were eliminated sequentially. Their 
influence on the combined total effect results 
was observed. The analysis revealed that after 
excluding each of the studies, the combined 
effect size did not change significantly. This 
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Figure 9. Meta-analysis of adverse reaction rates in linezolid trial group and control group.

Figure 10. Sensitivity and heterogeneity analysis of included studies.

suggested that the results of this study were 
stable. The distinctions among the included lit-
erature were small, and the results were more 
reliable (Figure 10).

Publication bias

A funnel plot analysis was performed to analyze 
the publication bias of the included studies. It 

was found that the scattered 
dots in the figure were sym-
metrically distributed, indicat-
ing that the included resear- 
ch had no obvious publication 
bias (Figure 11).

Discussion

Pulmonary tuberculosis is a 
slow-onset disease caused by 
infection of Mycobacterium tu- 
berculosis. Patients experien- 
ce many complications. For 
patients with severe pulmo-
nary infection in clinical prac-
tice, external ventilation and 
circulation equipment are ne- 
eded to support the overall 
clinical diagnosis and therapy. 
Antibiotics are the mainstay in 
clinical treatment of pulmo-
nary tuberculosis and severe 
pneumonia. Based on the 50S 
ribosomal subunit of bacterial, 
linezolid hinders the synthesis 
of related proteins in bacteria, 

achieving a broad-spectrum antibacterial ef- 
fect [4]. Pan et al. [5] conducted a relevant 
study on 98 patients with severe pulmonary 
tuberculosis in clinical practice. The study 
showed that combining essential tuberculosis 
therapy with linezolid improved the primary tre- 
atment efficacy and serum inflammatory fac-
tors. and It enhanced the patient’s immunity 
with reliable safety. Yang et al. [6] analyzed the 
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Figure 11. Publication bias was analyzed by funnel plot.

clinical data of 160 patients with severe pneu-
monia and suggested that concurrent linezolid 
treatment decreased the level of related serum 
inflammatory factors and improved the overall 
effective rate without increasing the adverse 
reactions. In this study, a comprehensive meta-
analysis was taken to quantitatively and objec-
tively evaluate the effectiveness and reliability 
of linezolid in patients with pulmonary tubercu-
losis complicated with severe pneumonia. This 
study provided reliable evidence-based medi-
cal support for clinical practice.

This study found that the overall effective rate 
of linezolid combined with conventional the- 
rapy was better than that of the conventional 
therapy. In terms of inflammation, the serum 
levels of TNF-α, IL6, and IL8 in patients taking 
linezolid combined with conventional therapy 
were lower than those in the conventional ther-
apy group. The incidence of adverse reactions 
showed no apparent differences between the 
linezolid group and others, suggesting that line-
zolid was safe for patients with tuberculosis 
complicated with severe pneumonia.

This study had certain limitations: the detec-
tion methods of serum inflammatory factors 
used in various studies were different. This 
resulted in specific heterogeneity in the out-
comes. Some of the data were derived from the 
calculation of the obtained data. This was 
insufficient. The overall research in this paper 

deviated from the original da- 
ta. There was not much avail-
able data.

The preliminary results of th- 
is study showed that linezolid 
combined with the conventi- 
onal anti-tuberculosis therapy 
mode is better than the con-
ventional therapy in terms of 
bacterial clearance rate and 
total clinical effectiveness. 
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