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We conducted a retrospective cohort study of patients with MRC grade II/III tuberculous meningitis (TBM) who accepted a
background antitubercular regimen (BR) with or without linezolid (LZD). At the 4th week, the LZD-BR group achieved a faster
and higher percentage of Glasgow coma scale recovery and temperature recovery, a higher cerebrospinal fluid (CSF)/blood glu-
cose ratio, and lower CSF white blood cell counts than did the BR group. Short-term linezolid supplementation may be a more
effective treatment for life-threatening TBM.

Tuberculous meningitis (TBM) is one of the most common
forms of central nervous system (CNS) infections, especially

in developing countries, where tuberculosis (TB) is highly epi-
demic (1). The incidence of TBM is directly related to the preva-
lence of TB infection and comprises approximately 10% of all TB
cases (2). Despite the advent of newer antitubercular agents and
imaging techniques, TBM still causes high mortality rates and se-
vere neurologic deficiencies (3, 4).

New TB drugs are required to manage patients with TBM who
face an increasing threat of drug resistance. A recent study from
southwestern China found a rate of 32.14% of multidrug-resistant
tuberculosis (MDR-TB) in TBM patients, which is higher than the
reported resistances for pulmonary tuberculosis (5). First ap-
proved in 2000 for treating drug-resistant Gram-positive bacterial
infections (6), linezolid (LZD) has shown antituberculosis poten-
tial in recent years. A number of case reports and retrospective
studies suggest that linezolid may be effective in treating MDR and
extensively drug-resistant tuberculosis (XDR-TB) (7–15). Fur-
thermore, a phase 2a randomized two-group study showed that
linezolid was effective at achieving culture conversion among pa-
tients with treatment-refractory pulmonary XDR-TB, but pa-
tients must be monitored carefully for adverse events (16).

Diagnosis and management differ significantly between TBM
and pulmonary TB (1, 17). Acid-fast bacilli (AFB) have been
found in fewer than 20% of patients with TBM (18), and the
culture of cerebrospinal fluid (CSF), although considered the gold
standard for diagnosis, is positive in only about 40% of cases (19).
For most patients with TBM, pathogenic evidence and drug sus-
ceptibility testing (DST) results are not available in the initial
phase of treatment when patients present with serious manifesta-
tions, such as conscious disturbance, headache, and fever. Thus,
CSF parameters (Glasgow coma scale [GCS] scores, and temper-
ature, which are closely related to TBM severity), other than cul-
ture, are routinely used to evaluate the therapeutic effect of anti-
tubercular regimens in the initial phase of treatment. Although
primarily bacteriostatic, linezolid has been employed successfully
for treating CNS infections caused by multiresistant organisms. A
case report showed good results with linezolid for the treatment of
CNS infections in 10 patients, among whom three were caused by
mycobacteria (20). However, the efficacy and adverse effects of
linezolid in treating TBM have not been evaluated in sufficient
detail. Here, we compared the treatment outcomes of linezolid use

in the initiation phase of treatment and evaluated its adverse
events in a cohort of patients with life-threatening TBM.

This retrospective cohort study was performed at Huashan
Hospital, a tertiary hospital in eastern China. Ethics approval was
obtained from the Institutional Review Board of Huashan Hospi-
tal, Fudan University. All patients who met the inclusion criteria
from January 2010 to December 2012 were included (see Table S1
in the supplemental material). Cases of TBM were diagnosed as
confirmed TBM, highly probable TBM, probable TBM, or possi-
ble TBM. Confirmed TBM was defined by results in the CSF cul-
ture that were positive for Mycobacterium tuberculosis. Highly
probable TBM and probable TBM were diagnosed according to
CSF criteria and supporting criteria. The CSF criteria included
three parameters, (i) a CSF glucose level of �50%, (ii) �50%
lymphocytes in the CSF, and (iii) a CSF protein level of �1.5
g/liter. Supporting criteria contained two items, (i) enhanced
magnetic resonance imaging (MRI) brain scan features consistent
with TBM and (ii) evidence of extra-CNS tuberculosis or positive
T-SPOT.TB assay results. Highly probable TBM was diagnosed
when at least 2 CSF criterion parameters and 2 CSF criterion items
or 3 CSF criterion parameters and 1 CSF criterion item were ful-
filled, and probable TBM was diagnosed when 2 CSF criterion
items and 1 CSF criterion item were fulfilled. A diagnosis of pos-
sible TBM was made if patients did not fulfill the above criteria but
a diagnosis of active TB could not be excluded. TBM severity was
graded according to the modified MRC system: (i) grade I, a GCS
score of 15, no focal neurology, (ii) grade II, a GCS score of 11 to
14 or a GCS score of 15 with focal neurology, and (iii) grade III, a
GCS score of �10 (21).

The patients included in our study were divided into one of two
groups based on whether their antitubercular regimen contained
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linezolid. We compared the following results associated with re-
covery in the first 4 weeks between these two groups, (i) CSF
changes, including higher blood glucose ratio, lower white blood
cell counts, and lower protein concentrations, (ii) consciousness
recovery, indicated by a GCS score that increased to 15 and did not
decrease later, and (iii) temperature recovery, indicated by a pa-
tient’s oral temperature decreasing to no higher than 37.2°C and
not increasing thereafter.

The regular protocol for the management of tuberculous men-
ingitis and the data collection process are described in File S1 in
the supplemental material. Statistical analysis was performed us-
ing GraphPad Prism version 5 and SPSS version 17.0. Categorical
variables were compared using the Fisher exact test. Continuous
variables were compared between the groups using the Wilcoxon
rank sum test. Survival curves were compared between the groups
using the log-rank test. Significance testing was done using 2-sided
P values, with a P value of �0.05 considered statistically signifi-
cant.

The final diagnoses and reasons for the inclusion and exclusion
of the cases are shown in Fig. 1. Among the 33 grade II and III TBM
patients, 16 were assigned to the background regimen with lin-
ezolid (LZD-BR) group and 17 to the BR group. Table 1 shows the
demographic and baseline characteristics of patients in these two
groups. The frequencies of baseline characteristics, such as clinical

presentation, grade, and enhanced brain MRI abnormalities, were
similar and did not show significant differences. Detailed infor-
mation about the diagnosis and treatment regimens of all in-
cluded cases is shown in Table S2 in the supplemental material.

The baseline CSF findings were similar between the LZD-BR
and the BR groups. Serial CSF changes are shown in Table 2. At the
2nd week, glucose ratios and white blood cell counts were not
significantly different between these two groups. However, at the
4th week, the glucose ratios of the patients in the LZD-BR group
were significantly higher than those of the patients in the BR group
(median, 0.40 versus 0.34; P � 0.04). The white blood cell counts
of the patients in the LZD-BR group were significantly lower than
those of the patients in the BR group (median, 17 versus 42 cells �
106/liter; P � 0.02). The protein concentrations were not signifi-
cantly different between these two groups. Kaplan-Meier curve
analysis showed that the LZD-BR group achieved a faster and
higher percentage of patients with GCS recovery (P � 0.032; Fig.
2) and temperature recovery (P � 0.032; Fig. 3) than did the BR
group in the first 4 weeks of treatment. Of the 16 patients who
received linezolid, only two (12.5%) episodes of linezolid-attrib-
uted adverse events (i.e., an episode of myelosuppression and an
episode of optic neuropathy) occurred in the first 4 weeks of treat-
ment. These two events resolved relatively quickly after linezolid
was discontinued.

FIG 1 Patient enrollment and treatment group assignment. Among 77 patients with TBM, 29 were excluded, as they did not meet the criteria; they died, lacked
one of three lumbar punctures, or had an uncertain diagnosis. Among the remaining 48 patients with TBM, 15 were excluded due to mild grade I disease.
Thirty-three patients with grade II/III TBM were assigned to the background regimen group (17 patients) or the linezolid-plus-background-regimen group (16
patients). Three lumbar punctures were performed, one at tuberculous meningitis diagnosis, one 2 weeks after treatment, and one 4 weeks after treatment. TB,
tuberculosis; TBM, tuberculous meningitis.
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Previous studies suggested that linezolid might be useful in
most complicated cases of pulmonary MDR/XDR-TB when other
treatment alternatives are not available (7, 12, 13, 16). In our ret-
rospective cohort study involving 33 patients with severe TBM, we
found that the short-term addition of linezolid at a dosage of 1,200
mg per day to the background regimen showed significant bene-
ficial effects on CSF improvement, consciousness recovery, and
temperature recovery compared to the background regimen with-
out linezolid. In particular, we noticed that the LZD-BR group
showed a higher percentage of patients with consciousness recov-
ery just after 1 or 2 weeks of treatment than did the BR group,
which did not show significant improvement in CSF parameters.
It seems that consciousness recovery occurred faster than did CSF
parameter improvement. Considering that consciousness is a very
important manifestation related to TBM severity, our finding that
linezolid has a remarkable therapeutic effect on improving con-
sciousness may prove to be critical for saving the lives of patients
with life-threatening TBM. To our knowledge, this is the first re-
port that demonstrates the dramatic therapeutic effects of lin-
ezolid on improving life-threatening TBM, which saves valuable
time that is critical for the survival of such patients and should
have implications for clinical care.

Several factors may explain this remarkable recovery from life-
threatening TBM conferred by linezolid. First, a previous early
bactericidal activity (EBA) study showed that linezolid has early
bactericidal activity against rapidly dividing tubercle bacilli in pa-
tients during the first 2 days of administration (22). In addition,
linezolid is active against drug-sensitive and drug-resistant TB
strains (23, 24). Second, due to its amphiphilic properties, 80% to
100% of the linezolid administered penetrates the CSF (25), with
an area under the concentration-time curve for CSF (AUCCSF)/
AUC for serum (AUCS) ratio close to 1 (26). The linezolid dosage
in our study, 600 mg twice a day, is the highest daily dosage at
present, which ensures an effective therapeutic concentration in
the CSF.

Most previous studies evaluated the efficacy of linezolid against
pulmonary tuberculosis, with few reports on TBM. A meta-anal-
ysis showed that times for smear and culture conversions were

TABLE 2 Serial CSF findings in TBM patients from the LZD-BR and BR
groupsa

Finding

LZD-BR group
data (median
[IQR]c)

BR group data
(median [IQR]) P valueb

CSF/blood glucose ratio
Baseline 0.26 (0.17–0.36) 0.28 (0.19–0.33) 0.79
After 2-wk treatment 0.29 (0.26–0.33) 0.33 (0.25–0.40) 0.35
After 4-wk treatment 0.40 (0.35–0.47) 0.34 (0.27–0.36) 0.04

CSF white blood cell count
(�106/liter)

Baseline 110 (50–255) 130 (52–250) 0.97
After 2-wk treatment 42 (9–80) 86 (25–120) 0.14
After 4-wk treatment 17 (8–40) 42 (23–105) 0.02

CSF protein concentration
(g/liter)

Baseline 2.23 (1.56–3.87) 1.55 (1.37–2.16) 0.10
After 2-wk treatment 1.44 (1.21–2.13) 1.33 (0.95–1.75) 0.55
After 4-wk treatment 1.07 (0.64–1.81) 1.41 (0.73–1.62) 0.52

a LZD, linezolid; BR, background regimen; TBM, tuberculous meningitis.
b A P value of �0.05 was considered statistically significant.
c IQR, interquartile range.

FIG 2 Kaplan-Meier curves for GCS score recovery according to time since
anti-TB therapy. All patients included in the analysis had a decreased GCS
score at diagnosis. By 4 weeks, 14 of 16 (88%) patients in the LZD-BR group
and 12 of 17 (71%) patients in the BR group experienced consciousness
recovery.

TABLE 1 Demographic and baseline characteristics and background
treatment of TBM patients from the LZD-BR and BR control groupsa

Demographic or baseline
characteristicb

LZD-BR group
(n � 16) datac

BR group
(n � 17)
datac P valued

Age (median [IQR]) (yr) 41 (25–54) 36 (26–49) NS
Female 10 (63) 7 (41) NS

Presentations
Temperature � 37.8°C 14 (88) 13 (76) NS
Headache 11 (69) 13 (76) NS
Consciousness change 16 (100) 17 (100) NS
Visual disturbances 4 (25) 4 (24) NS
Neck pain/stiffness 14 (88) 14 (82) NS
Focal neurological signs 4 (25) 5 (29) NS

TBM diagnosis
Confirmed TBM 5 (31) 2 (12) NS
Highly probable TBM 9 (56) 13 (76) NS
Probable TBM 2 (13) 2 (12) NS

TBM grade
II 14 (88) 15 (88) NS
III 2 (12) 2 (12) NS

Other investigations
Lung CT abnormalities 2 (13) 1 (6) NS
Enhanced brain MRI

abnormalities
10 (63) 13 (76) NS

Features of extra-CNS
tuberculosis

3 (19) 1 (6) NS

T-SPOT.TB assay
(n � 30)e

10/13 15/17 NS

a LZD, linezolid; BR, background regimen; TBM, tuberculous meningitis.
b IQR, interquartile range; CT, computed tomography; CNS, central nervous system;
TB, tuberculosis.
c Data are shown as no. (%) unless otherwise indicated.
d NS, not statistically significant.
e Values indicate no. of positive results/total no. of patients with available assay results.
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43.5 and 61 days, respectively, and that 81.8% of patients with
MDR-TB were successfully treated with individualized regimens
containing linezolid (15). A randomized controlled trial in pa-
tients with pulmonary XDR-TB also showed that linezolid was
effective at achieving culture conversion, with a high conversion
proportion of 87% (16). Although the treatment responses of pul-
monary TB and TBM were evaluated differently, our results sup-
port the use of linezolid for treating severe cases of TBM due to its
dramatic and rapid efficacy.

A previous meta-analysis showed a high proportion (50.5%) of
major linezolid-attributed adverse events, which included ane-
mia, peripheral neuropathy, gastrointestinal disorders, optic neu-
ritis, and thrombocytopenia (15). However, we observed only two
(12.5%) episodes that occurred in the first 4 weeks of treatment,
indicating a much lower proportion of major linezolid-attributed
adverse events. In our study, linezolid was administered at 1,200
mg per day with a median duration of 32 days, while a meta-
analysis showed the median exposure time to linezolid (�600 mg
per day) was 252 days for pulmonary TB (15). The duration was
also much shorter than that of most previous studies on MDR/
XDR pulmonary TB (8–10, 13, 27, 28). Our results suggest that
high-dosage linezolid is relatively safe with a duration of �4
weeks, which was sufficient to show a significant beneficial effect
when added to the background regimen for patients with life-
threatening TBM. This is also in line with the label of the drug,
which states that it can be used in a usual adult dose of 600 mg
every 12 h for up to 28 days (29, 30).

This study had some limitations, such as the relatively small
number of cases available and unclear long-term prognosis re-
sults. DST and pharmacokinetic evaluation may be helpful to ob-
jectivate the results in future studies. Thus, further prospective
randomized blind controlled studies are needed to confirm the
efficacy and determine the appropriate dosage and duration of
linezolid for optimal TBM treatment.

In conclusion, our study demonstrated that a linezolid supple-
mentation regimen has a remarkable therapeutic benefit for life-
threatening TBM, as shown by rapid consciousness recovery, tem-
perature recovery, and CSF improvement in the first 4 weeks of
treatment. Although a small number of patients (12.5%) devel-

oped linezolid-attributed adverse events, these effects were gener-
ally mild and reversible upon drug discontinuation or dose reduc-
tion. We conclude that short-term linezolid supplementation is
likely a more effective treatment for patients with life-threatening
TBM than the current regimen without linezolid and warrants
further clinical evaluation with more patients in future studies.
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