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A b s t r a c t

Introduction: Tuberculous meningitis (TBM) is a severe extra-pulmonary tu-
berculosis with high fatality. This meta-analysis aimed to assess the impact 
of linezolid on TBM treatment outcomes.
Methods: We searched multiple databases for studies published up to May 
18, 2024 comparing the effects of linezolid on TBM. Meta-analysis was con-
ducted using Review Manager 5.4. 
Results: Our findings indicated that linezolid may reduce treatment failure 
risk (RR = 0.42 (0.20, 0.89), p = 0.02) and improve temperature recovery  
(RR = 1.56 (1.21, 2.02), p < 0.001) in TBM patients. 
Conclusion: The analysis suggests a positive association between linezolid 
treatment and therapeutic improvements, with no significant adverse reac-
tions reported.

Key words: tuberculous meningitis, linezolid, efficacy, treatment outcome, 
temperature recovery, meta-analysis.

Tuberculosis (TB) caused by Mycobacterium tuberculosis is one of the 
leading causes of death worldwide. Tuberculous meningitis (TBM) is a le-
thal manifestation of TB with suboptimal treatment options and accounts 
for approximately 2–5% of TB cases each year [1]. The clinical presentation 
of TBM is characterized by nonspecific symptoms, such as fever, lethargy, 
and weight loss. Consequently, TBM may advance to severe complications, 
including coma, cranial nerve palsies, and fatality [2]. WHO guidelines rec-
ommend a two-month four-drug regimen for TBM, followed by two drugs 
for 7–10 months [3]. Isoniazid and pyrazinamide penetrate cerebrospinal 
fluid (CSF) well, but rifampin’s effectiveness is limited by high protein 
binding and poor blood-brain barrier penetration [4, 5]. Furthermore, the 
penetration of CSF diminishes after the resolution of meningeal inflam-
mation with the use of streptomycin and ethambutol [2]. Consequently, 
there is a need for improved management strategies in the treatment of 
TBM. Cohort studies suggest that adding linezolid (LZD) to conventional TB 
therapy for TBM can be effective, with better outcomes in a randomized 
controlled trial [6–8]. However, the majority of these studies were retro-
spective in nature and utilized small sample sizes. Therefore, it is imper-
ative to thoroughly assess the effectiveness and safety of linezolid in the 
management of TBM. We conducted a meta-analysis of all related pub-
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lished studies to evaluate the efficacy and safety 
of therapy regimens containing linezolid during the 
intensive phase of treatment.

Methods. The meta-analysis was prepared 
based on the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses guidelines for 
systematic reviews and meta-analyses [9]. As the 
study involved the synthesis of existing articles and 
did not involve the handling of individual patient 
data, ethical approval was deemed unnecessary.

Search strategy and study selection: The 
PubMed, Web of Science, EMBASE and Cochrane 
Library databases were searched to identify rele-
vant studies (Supplementary Table SI). English-lan-
guage studies published with no time restriction 
were retrieved using the following keywords: “tu-
berculous meningitis”, or “linezolid”, and their 
synonyms or similar words. Two independent re-
viewers (DY and XS) read and assessed the titles 
and abstracts of all articles identified by the search 
strategy. The full-text study reports of all potentially 
eligible studies were also independently screened 
by two review authors (DY and XS) according to 
a standardized form containing the inclusion and 
exclusion criteria.

Studies were considered eligible based on the 
following criteria: (1) inclusion of individuals di-
agnosed with TBM, confirmed through clinical, 
microbiological, molecular, imaging, and immuno-
diagnostic methods; (2) administration of linezol-
id to the intervention group, either intravenously 
or orally, in comparison to the control group re-
ceiving standard anti-TBM treatment without 
linezolid; (3) the control group received anti-TBM 
treatment without linezolid; (4) the study included 
retrospective, randomized controlled trial, or pro-
spective cohort studies. 

Assessment of methodological quality: Each 
study included in the meta-analysis underwent in-
dependent quality assessment by two reviewers, 
with further analysis conducted on high-quality 
studies. For randomized controlled trials (RCTs), the 
Jadad scale [10] was utilized by the two review au-
thors to evaluate methodological quality based on 
criteria such as randomization, allocation conceal-
ment, blinding, and follow-up. A maximum score of 
five points was possible, with a score of ≥ 3 indicat-
ing high quality (Supplementary Table SII). In co-
hort studies, the methodological quality of the re-
search was evaluated using a modified version of 
the Newcastle-Ottawa scale (NOS) (http://www. 
ohri.ca/programs/clinical_epidemiology/oxford. 
asp) by two independent reviewers (Supplemen-
tary Table SIII). The assessment criteria includ-
ed participant selection, comparability of study 
groups, and ascertainment of outcomes. The NOS 
assigns a maximum of nine points, with a  score 
exceeding seven indicative of high quality.

Data extraction: Two authors (DY and XS) inde-
pendently extracted data on study characteristics, 
participant characteristics, intervention details, 
and treatment outcomes. Disagreements were re-
solved by a third author (Min).

Statistical analysis: Statistical analyses were 
conducted utilizing Review Manager 5.4 to assess 
the impact of linezolid on TBM. Meta-analysis cal-
culations were carried out using individual patient 
data with defined treatment outcomes, including 
treatment success (comprising cure or treatment 
completion) and all-cause mortality. The risk ratio 
(RR) and 95% confidence interval (95% CI) were uti-
lized as indicators of treatment efficacy. The I2 test  
[11] was employed to assess between-study het-
erogeneity, while publication bias was evaluated 
using a funnel plot (Supplementary Figure S1).

Results. Study flow diagram: Out of 201 cita-
tions, 16 articles were relevant for full-text analy-
sis, and 4 were included in the meta-analysis [6–8, 
12] (Figure 1 A).

Characteristics of included studies: The charac-
teristics of the studies and the number of cases 
analyzed in the systematic review and meta-anal-
ysis are summarized in Supplementary Table SIV 
The 3 retrospective cohort studies were all con-
ducted in China and published in 2021, 2016 and 
2014, and 1 randomized control trial was conduct-
ed in India and published in 2023.

Treatment outcomes: Four studies, including 
160 subjects, were included in the meta-analy-
sis to evaluate the association between linezolid 
therapy and the risk of treatment failure among 
patients with TBM. Treatment failure was defined 
as death, coma, fever after two months of treat-
ment, and severe neurological deficits. The over-
all effect size using the random-effects model  
(I2 = 0%, p = 0.45) demonstrated a significant pro-
tective effect of linezolid against TBM, with a 58% 
lower risk compared with non-linezolid patients 
with TBM (RR = 0.42, 95% CI: [0.20, 0.89]; p = 
0.02) (Figure 1 B).

Two studies evaluated the case fatality rate 
during the treatment of TBM and assessed the 
impact of linezolid on the case fatality rate of 
TBM. The pooled results showed no statistically 
significant difference in the early case fatality rate 
between the two groups (RR = 0.33, 95% CI: [0.09, 
1.26]; p = 0.11) after a  random-effects model  
(I2 = 0%, p = 0.35) (Supplementary Figure S2).

Two studies involved temperature recovery 
during anti-tuberculosis treatment and evaluat-
ed the effect of linezolid on the recovery of body 
temperature in patients within the first month 
of treatment. The pooled results showed a  me-
dium difference (RR = 1.56, 95% CI: [1.21, 2.02];  
p < 0.001) after a random-effects model (I2 = 5%,  
p = 0.31) (Figure 1 C).
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Figure 1. Meta-analysis of efficacy of LZD in the treatment of TBM. A – Study flow diagram. B – Forest plot of 
linezolid vs non-linezolid showing the overall effect on treatment failure. C – Forest plot of linezolid vs. non-linezolid 
showing the overall effect on the temperature recovery. D – Forest plot of linezolid vs. non-linezolid showing the 
overall effect on adverse events

201 records 

identified through 

database searching 156 of records excluded:

1. �No relationships with the 

inclusion criterion (n = 102) 

2. Case (n = 26) 

3. Overlapped (n = 1) 

4. Reviews (n = 14) 

5. Editorials or Letters (n = 10) 

6. Animal studies (n = 1) 

7. Meta-analysis (n = 1) 

8. Foreign language (n = 1)

11 of full-text articles excluded,  

with reasons:

1. Registered clinical trails (n = 5) 

2. Unrelated (n = 4) 

3. Duplicated data (n = 1) 

4. No extractable data (n = 1)

171 records screened 

based on the title 

and abstract

Duplicates removed 

(n = 30) 

15 full-text articles 

assessed for 

eligibility 

4 studies eligible 

for meta-analysis 

A

B
Study or 	              LZD 		             Non-LZD 	 Weight  	 Risk ratio 	 Risk ratio
subgroup	 Events 	 Total 	 Events 	 Total 	 (%)	 M-H, random, 95% CI	 M-H, random, 95% CI
Fang et al. 2021 	 0 	 7 	 3 	 5 	 7.5 	 0.11 [0.01, 1.71]�

Li et al. 2016 	 4 	 36 	 15 	 50 	 55.7 	 0.37 [0.13, 1.02]�

Sahib et al. 2023 	 2 	 15 	 1 	 14 	 11.0 	 1.87 [0.19, 18.38]�

Sun et al. 2014 	 2 	 16 	 5 	 17 	 25.9 	 0.42 [0.10, 1.89]�

Total (95% CI) 		  74 		  86 	 100.0 	 0.42 [0.20, 0.89]�
Total events 	 8 		  24

Heterogeneity: t2 = 0.00; c2 = 2.64, df = 3 (p = 0.45); I2 = 0%

Test for overall effect: Z = 2.26 (p = 0.02) 	 0.01	 0.1	 1	 10	 100

		 Favours [experimental] 		 Favours [control] 

C
Study or 	              LZD 		             Non-LZD 	 Weight  	 Risk ratio 	 Risk ratio
subgroup	 Events 	 Total 	 Events 	 Total 	 (%)	 M-H, random, 95% CI	 M-H, random, 95% CI

Li et al. 2016 	 30 	 36 	 24 	 50 	 58.9 	 1.74 [1.26, 2.40] �

Sun et al. 2014 	 13 	 14 	 9 	 13 	 41.1 	 1.34 [0.91, 1.98] �

Total (95% CI) 		  50 		  63 	 100.0 	 1.56 [1.21, 2.02] �
Total events 	 43 		  33 

Heterogeneity:t2 = 0.00; c2 = 1.05, df = 1 (p = 0.31); I2 =5% 

Test for overall effect: Z = 141 (p = 0.0006) 
	 0.005	 0.1	 1	 10	 200

	                  Favours [control]	         Favours [experimental] 

D
Study or 	              LZD 		             Non-LZD 	 Weight  	 Risk ratio 	 Risk ratio
subgroup	 Events 	 Total 	 Events 	 Total 	 (%)	 M-H, random, 95% CI	 M-H, random, 95% CI
Li et al. 2016 	 1 	 36 	 0 	 50 	 18.1 	 4.14 [0.17, 98.69] �

Sahib et al. 2023 	 12 	 15 	 12 	 14 	 62.0 	 0.93 [0.67, 1.30] 	

Sun et al. 2014 	 2 	 16 	 0 	 17 	 19.9 	 5.29 [0.27, 102.49] �

Total (95% CI) 		  67 		  81 	 100.0 	 1.73 [0.35, 8.51] �
Total events 	 15 		  12 

Heterogeneity: t2 = 1.04; c2 = 3.68, df = 2 (p = 0.16); I2 = 46% 

Test for overall effect Z = 0.67 (p = 0.50) 	 0.005	 0.1	 1	 10	 200

	                  Favours [control]	         Favours [experimental] 
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Three studies recorded adverse events, includ-
ing hematological, neurological and visual dys-
function. The pooled results showed that there 
was no significant difference under a random-ef-
fects model (RR = 1.73, 95% CI: [0.35, 8.51],  
p = 0.50) (Figure 1 D). The heterogeneity was de-
scribed as an I2 of 46% (p = 0.16); therefore, we 
considered that there was no statistical heteroge-
neity in this analysis.

Discussion. To our knowledge, this is the first 
meta-analysis to investigate the effects of linezol-
id on patients with TBM. We analyzed data from 
4 studies, including 160 patients. The results 
of this meta-analysis revealed the efficacy of 
linezolid in the treatment of TBM. Primary data 
show that linezolid use is associated with a 58% 
lower risk of treatment failure and can achieve 
temperature recovery more effectively compared 
with the non-linezolid use among TBM patients. 
However, regarding the early case fatality rate of 
tuberculous meningitis, our analysis showed no 
statistically significant difference between the 
linezolid group and the non-linezolid group. In ad-
dition, there was no significant difference in the 
incidence of adverse events in the linezolid and 
non-linezolid arms, which was uncertain due to 
the small sample size. 

Linezolid is a licensed oxazolidinone antibiotic 
repurposed for the treatment of tuberculosis and 
elevated to Group A  (medicines prioritized for 
inclusion in regimens) in evidence-based guide-
lines for the treatment of multidrug-resistant TB 
[13, 14]. Linezolid’s ability to penetrate the CSF 
suggests that it could be a beneficial treatment 
for patients with TBM. Two additional ongoing 
clinical trials (NCT03537495 and NCT04021121) 
should help clarify its role in TBM treatment, in-
cluding optimal duration and dose. Our study 
revealed that the administration of linezolid in 
patients with TBM can lead to a  higher treat-
ment success rate and more efficient temporary 
recovery. Our analysis suggests that the use of 
linezolid in patients with TBM demonstrates 
better therapeutic effects and faster recovery 
of body temperature; however, it does not seem 
to improve the early case fatality rate of TBM. 
This is similar to the conclusions of Davis’s study, 
which indicated that the combination of high-
dose rifampicin with linezolid did not significant-
ly improve the fatality rate of TBM. Furthermore, 
Davis’s study confirmed the safety of linezolid in 
TBM treatment [15]. Currently, the Mazanhanga 
team has developed a method for measuring the 
concentration of linezolid in cerebrospinal fluid, 
thus providing a  foundation for monitoring the 
pharmacokinetics of linezolid in the future [16]. 
The utilization of linezolid may represent a signif-
icant advancement in the management of TBM, 
potentially playing a  crucial role in limiting the 

transmission of the disease and reducing mor-
tality rates. Despite reports that there are cur-
rently strains of tuberculosis that are resistant to 
linezolid, linezolid may still be an effective treat-
ment option in specific circumstances [17].

There are many adverse reactions to linezolid, 
such as gastrointestinal disturbance, hepatotox-
icity, rash, peripheral neuropathy, and myelosup-
pression. A  multicenter, randomized controlled 
clinical trial found that adverse events presumably 
due to linezolid occurred in 64.7% of treated pa-
tients (mainly anemia) [18]. It is thought that most 
patients treated with linezolid will have adverse 
drug reactions but not necessitating treatment in-
terruption with long-term use of linezolid 600 mg/
day, and the safety of linezolid in the treatment of 
TBM has also been demonstrated in Davis’s study 
[15, 19].

However, the present analysis has several lim-
itations. First, only four studies were included in 
this meta-analysis. Second, the included studies 
had many nonuniform confounding variables, 
such as age, sex, body mass index, comorbidi-
ties, and the severity of TBM, which could not 
be adjusted. Third, most of the included studies 
were retrospectively designed, which may have 
resulted in recall and selection bias, although 
each study had a  low risk of bias based on the 
NOS. Fourth, due to the small number of studies 
included in the meta-analysis, this may suggest 
the presence of publication bias. However, upon 
visual inspection of the funnel plot, its shape 
appears relatively symmetrical, indicating that 
publication bias is within an acceptable range 
(Supplementary Figure S1). Finally, we did not 
analyze the two groups separately because the 
reduced sample size after separation could lead 
to insufficient power in statistical tests, making 
it difficult to detect true effects, and the conclu-
sions drawn from separate analyses would be 
harder to generalize to the entire population. 
Therefore, well-designed RCTs are warranted to 
better define the efficacy and safety of linezolid 
in the treatment of TBM. 

In conclusion, the first meta-analysis examin-
ing the association between linezolid and TBM 
suggests that the use of linezolid is associated 
with improved therapeutic outcomes in TBM, con-
tributes to the recovery of body temperature, and 
does not appear to result in a significant increase 
in adverse effects.
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