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SUMMARY

Linezolid has been one of the key anti-tuberculosis agents for the treatment of multidrug-resistant

tuberculosis (MDR-TB)/extensively drug-resistant tuberculosis (XDR-TB). It used to be very
expensive and was not covered by social insurance from local governments. Nevertheless, a growing
number of patients in China received linezolid in their anti- MDR/XDR TB regimens over the past
decade. Many scholars in China have reported their experience using linezolid to treat patients
with MDR/XDR-TB. In view of this, existing evidence of the efficacy and safety of linezolid and
problems faced by Chinese patients with MDR/XDR-TB are summarized here.
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1. Introduction

Linezolid has been endorsed by the WHO as one of the
Group A anti-tuberculosis agents for the treatment of
multidrug-resistant tuberculosis (MDR-TB)/extensively
drug-resistant tuberculosis (XDR-TB) since 2018 (7).
China is one of the world's countries with the highest
TB burden (2). Concerns have led to an emphasis on
the care and control of MDR-TB and XDR-TB in China
(3). Over the past decade, a growing number of patients
in China received linezolid in their anti-MDR/XDR TB
regimens. Many scholars in China have reported their
experience using linezolid to treat patients with MDR/
XDR-TB (4-7). In view of this, existing evidence of
the efficacy and safety of linezolid and problems faced
by patients with MDR/XDR-TB in China have been
summarized here.

2. Use of linezolid to treat Chinese patients with
MDR/XDR TB

Linezolid is an artificial synthetic oxazolidinone
antibiotic. It binds to the 50S subunit of the ribosome
and prevents protein synthesis. Linezolid has proven to
be a potent anti-tuberculosis drug both in vitro and in
vivo (8,9). Before 2021, the cost of the drug rendered
it unaffordable for typical patients with MDR/XDR-
TB in China except for those participating in clinical
trials, and this even included patients covered by
government-subsidized medical insurance (/0). Uneven
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economic development may have also contributed to the
underutilization of linezolid in China since MDR/XDR-
TB is markedly more prevalent in low-income groups.
Moreover, MDR/XDR TB is extremely costly and can
significantly burden individuals and the healthcare
system. The exact proportion of patients receiving an
anti-TB regimen that includes linezolid is unknown.
As such, linezolid was presumably only included in the
treatment regimen received by a small number of patients
with MDR/XDR-TB in China over the past decade. In
recent years, the drug has become more accessible cost-
wise as the central government has revised the subsidy
for medical insurance and more local pharmaceutical
manufacturers have started production. Linezolid will
presumably be given to more patients to treat MDR/
XDR-TB in China in the coming days.

3. The efficacy and safety of linezolid in MDR/XDR-
TB

The current authors searched for use of linezolid to treat
MDR/XDR-TB in articles and reports by Chinese authors
published in CNKI, PubMed, Embase, and the Cochrane
Central Library from the start of the given database until
December 31, 2021. There is growing evidence of the
efficacy of linezolid against MDR-TB, from studies of
varying scales carried out across different cities in China.
From the earliest study of 8 patients with XDR-TB in
Shanghai in 2009 to an RCT initiated by Tang et al. in
2015 in Beijing, these sources have all found linezolid
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to be efficacious against MDR/XRD-TB (4, /7). A recent
multi-center study on administration of bedaquiline in
a regimen to treat MDR/XDR-TB in China found that
more than 90% of patients administered linezolid in that
regimen were also administered bedaquiline (/2). The
high rate of culture conversion further demonstrated the
efficacy of linezolid combined with bedaquiline. The
potential efficacy of linezolid against MDR/XDR-TB
was evident even in a small group of pediatric patients
(7). A prospective non-randomized controlled single
center trial conducted by the current authors' team
found no difference in treatment outcomes between
patients with MDR/XDR-TB receiving or not receiving
bedaquiline in a regimen that included linezolid (6). The
most commonly used dose of linezolid in these regimens
was 600 mg/d, though this was sometimes reduced to
300 mg/d due to linezolid -related toxicity (6,72). All
of these studies noted an average two- to three-month
sputum culture conversion rate of more than 80% within
six months from the initiation of treatment (6,12,13).
Patients receiving linezolid were more likely to have
favorable treatment outcomes compared to those not
receiving linezolid (/3).

Adverse events are believed to be associated with the
dose and duration of treatment, which are consistent with
the international literature (/4-16). Frequently reported
adverse reactions to long-term use of linezolid are
peripheral neuropathy, anemia, and thrombocytopenia,
which are the main risk factors for reduced patient
compliance and discontinuation of treatment. Optimizing
both the dose and duration of treatment to improve
the antibiotic's tolerability profile is a major focus
for larger scale studies in the future. At present, the
prospective efficacy of linezolid in China is supported
mainly by small-scale studies. Randomized controlled
studies on a massive scale need to be conducted to
accumulate more evidence. Numerous clinical studies
in China are recruiting patients with MDR/XDR-TB to
receive a treatment regimen including linezolid (NCT:
ChiCTR:2000032298, ChiCTR:2100042287, and
ChiCTR:210004593) (7). These studies are expected to
yield more definitive clinical findings.

4. Resistance to linezolid

Findings from in vitro testing and molecular testing
have indicated that only a small percentage (4.5-5.6%)
of patients with MDR/XDR-TB in China exhibited
linezolid resistance; this resistance was mainly caused
by alterations to the specific linezolid binding site
(18,19). A study of 399 isolates from southwest China
revealed that 4 were linezolid-resistant and 2 carried
mutations in the rp/C gene (/9). Another study of 93
isolates reported that 5 were linezolid-resistant; only 2
(40.0%) were found to contain the Cys154Arg allele in
the rplC gene (18). In a multi-center study involving
the use of bedaquiline and linezolid in 277 patients,

115 patients with prior linezolid exposure yielded 19
isolates (6.9%) exhibiting linezolid resistance. Genetic
mutations were observed in 10 (52.6%, 10/19) linezolid-
resistant isolates, the most prevalent of which was a
Cys154Arg (36.8%, 7/19) substitution within ribosomal
protein L3 (20). A subsequent study of nationwide
drug resistance surveillance in China revealed linezolid
resistance in 15 (3.8%) of 391 culture-positive specimens
(21). Notwithstanding the low resistance rate, induced
linezolid resistance caused by intermittent administration
as a result of drug cost and adverse reactions remains a
major concern in China in the coming future.

5. Conclusion

In the face of the limited number of new drugs to treat
MDR/XDR-TB, a regimen that includes linezolid will
remain an important weapon to treat MDR/XDR-TB
in China over the next few decades. Considering the
importance of linezolid, precision dosage and close
monitoring of treatment are vital to achieving optimal
drug efficacy and balancing its tolerability profile. These
efforts will benefit more patients with drug-resistant TB
and reduce community transmission.

Funding: None.

Conflict of Interest: The authors have (author has) no
conflicts of interest to disclose.

References

1. World Health Organization. Rapid communication: Key
changes to treatment of multidrug-and rifampicin-resistant
tuberculosis (MDR/RR-TB). Geneva: World Health
Organization, 2018.

2. World Health Organization. Global tuberculosis report
2021. Geneva: World Health Organization, 2021.

3. Chen B, Bao H, Chen X, Liu K, Peng Y, Wang W, Wang
F, Jiang J, Xu B. Identification and attribute analysis
of key stakeholders who influence multidrug-resistant
tuberculosis prevention and control in China. Infect Dis
Poverty. 2021; 10:108.

4. Tang S, Yao L, Hao X, Zhang X, Liu G, Liu X, Wu
M, Zen L, Sun H, Liu Y, Gu J, Lin F, Wang X, Zhang
Z. Efficacy, safety and tolerability of linezolid for the
treatment of XDR-TB: A study in China. Eur Respir J.
2015; 45:161-170.

5. Zhu H, Guo SC, Liu ZQ, Wang B, Fu L, Chu NH, Lu Y.
Therapeutic drug monitoring of cycloserine and linezolid
during anti-tuberculosis treatment in Beijing, China. Int J
Tuberc Lung Dis. 2018; 22:931-936.

6. FulL, Weng T, Sun F, Zhang P, Li H, Li Y, Yang Q, Cai
Y, Zhang X, Liang H, Chen X, Wang Z, Liu L, Zhang W,
Deng G. Insignificant difference in culture conversion
between bedaquiline-containing and bedaquiline-free all-
oral short regimens for multidrug-resistant tuberculosis.
Int J Infect Dis. 2021; 111:138-147.

7. Zhang Z, Cheng Z, Liu Q, Shang T, Jiang L, Fu Z, Zhu K,
Wang X, Chen J, Xu H. Safety of longer linezolid regimen

www.ddtjournal.com



Drug Discoveries & Therapeutics. 2022; 16(2):96-98. 98

10.

11.

12.

13.

14.

15.

16.

in children with drug-resistant tuberculosis and extensive
tuberculosis in Southwest China. J Glob Antimicrob
Resist. 2020; 21:375-379.

Erturan Z, Uzun M. In vitro activity of linezolid against
multidrug-resistant Mycobacterium tuberculosis isolates.
Int J Antimicrob Agents. 2005; 26:78-80.

Anger HA, Dworkin F, Sharma S, Munsiff SS, Nilsen
DM, Ahuja SD. Linezolid use for treatment of multidrug-
resistant and extensively drug-resistant tuberculosis,
New York City, 2000-06. J Antimicrob Chemother. 2010;
65:775-783.

Zhang Y, Liu X, Yang L, Zhang G, Gu Z, Chen Z, Sun J.
Barriers and strategies: A review of access to affordable
multi-drug resistant tuberculosis medication in China.
Infect Drug Resist. 2020; 13:3679-3687.

Yao L, Tang S, Xiao H, Zeng L, Sun H, Gu J, Hao X, Liu
Y. Examination of the clinical efficacy of using linezolid
to treat extensively drug-resistant tuberculosis. Zhonghua
Lin Chuang Yi Shi Za Zhi. 2010; 4:6. (in Chinese).

Gao M, Gao J, Xie L, et al. Early outcome and safety
of bedaquiline-containing regimens for treatment of
MDR- and XDR-TB in China: A multicentre study. Clin
Microbiol Infect. 2021; 27:597-602.

Pang Y, Lu J, Huo F, Ma Y, Zhao L, Li Y, Liang Q, Chu
N, Gao M, Huang H. Prevalence and treatment outcome
of extensively drug-resistant tuberculosis plus additional
drug resistance from the National Clinical Center for
Tuberculosis in China: A five-year review. J Infect. 2017;
75:433-440.

Agyeman AA, Ofori-Asenso R. Efficacy and safety profile
of linezolid in the treatment of multidrug-resistant (MDR)
and extensively drug-resistant (XDR) tuberculosis: A
systematic review and meta-analysis. Ann Clin Microbiol
Antimicrob. 2016; 15:41.

Conradie F, Diacon AH, Ngubane N, et al. Treatment of
highly drug-resistant pulmonary tuberculosis. N Engl J
Med. 2020; 382:893-902.

Jaspard M, Butel N, El Helali N, Marigot-Outtandy D,
Guillot H, Peytavin G, Veziris N, Bodaghi B, Flandre P,
Petitjean G, Caumes E, Pourcher V. Linezolid-associated
neurologic adverse events in patients with multidrug-
resistant tuberculosis, France. Emerg Infect Dis. 2020;
26:1792-1800.

17. Chinese Clinical Trial Registry. http://www.chictr.org.cn/
enlndex.aspx

18. Pang Y, Zong Z, Huo F, Jing W, Ma Y, Dong L, Li Y,
Zhao L, Fu Y, Huang H. In vitro drug susceptibility
of bedaquiline, delamanid, linezolid, clofazimine,
moxifloxacin, and gatifloxacin against extensively drug-
resistant tuberculosis in Beijing, China. Antimicrob
Agents Chemother. 2017; 61:¢00900-17.

19. Zheng H, He W, Jiao W, Xia H, Sun L, Wang S, Xiao
J, Ou X, Zhao Y, Shen A. Molecular characterization of
multidrug-resistant tuberculosis against levofloxacin,
moxifloxacin, bedaquiline, linezolid, clofazimine, and
delamanid in southwest of China. BMC Infect Dis. 2021;
21:330.

20. DulJ, Gao J, Yu'Y, Li Q, Bai G, Shu W, Gao M, Liu Y,
Wang L, Wang Y, Xue Z, Huo F, Li L, Pang Y. Low
rate of acquired linezolid resistance in multidrug-
resistant tuberculosis treated with bedaquiline-linezolid
combination. Front Microbiol. 2021; 12:655653.

21. Wang G, Jiang G, Jing W, Zong Z, Yu X, Chen S, Li W,
Huang H. Prevalence and molecular characterizations
of seven additional drug resistance among multidrug-
resistant tuberculosis in China: A subsequent study of a
national survey. J Infect. 2021; 82:371-377.

Received March 17, 2022; Revised March 26, 2022; Accepted
April 4, 2022.

$These authors contributed equally to this work.

*Address correspondence to:

Xiaoyou Chen, Beijing Tuberculosis and Thoracic Tumor
Institute, No. 9 Beiguan Street, Tongzhou District, Beijing
101149, China.

E-mail: chenxy1998@hotmail.com

Guofang Deng, Pulmonary Medicine and Tuberculosis, The
Third People's Hospital of Shenzhen, The National Clinical
Research Center for Infectious Diseases, No. 29 Bulan Road,
Longgang District, Shenzhen 518112, China.

E-mail: jxxk1035@yeah.net

Released online in J-STAGE as advance publication April 20,
2022.

www.ddtjournal.com



