
A mutation associated with clofazimine
and bedaquiline cross-resistance in
MDR-TB following bedaquiline treatment

To the Editor:

The world-wide increase in the incidence of multidrug-resistant tuberculosis (MDR-TB) and extensively

drug-resistant tuberculosis (XDR-TB) poses a major clinical challenge. The treatment outcome of MDR-TB

and XDR-TB patients is often poor and unsuccessful in the absence of an optimal number of active drugs

[1]. Novel antituberculous compounds are urgently required and only very few, such as bedaquiline, have

recently been approved for tuberculosis treatment [2]. In a recent phase 2b clinical trial that was based on a

160 newly diagnosed MDR-TB patients, the addition of bedaquiline to a preferred background regimen for

24 weeks resulted in faster culture conversion and significantly more culture conversion at 120 weeks

compared with the control group. However, there were more deaths in the bedaquiline than in the placebo

group and half of these patients died due to tuberculosis. So far, it is unclear whether the death of any of

these patients may have been associated with diminished susceptibility to bedaquiline [3].

Our study indicates that emergence of drug resistance to bedaquiline is already an ongoing threat, as we

provide in vivo evidence of acquired resistance due to a mutation in an efflux pump-related gene, and its

association with clofazimine and bedaquiline cross resistance in an Mycobacterium tuberculosis isolate from

a patient with MDR-TB. In January 2011, a Tibetan refugee hospitalised with bilateral cavernous chest

radiograph abnormality was diagnosed with MDR-TB at the Swiss Reference Center for Mycobacteria,

Zurich, Switzerland. The M. tuberculosis isolate from the patient showed resistance to isoniazid, rifampicin,

pyrazinamide, ethionamide, linezolid, moxifloxacin and streptomycin by quantitative drug susceptibility

testing (DST) in the BACTEC MGIT 960 system (Becton-Dickinson Inc., East Rutherford, NJ, USA)

(table 1) [4]. In line with the DST results, a combined and directly observed antituberculous therapy was

initiated with cycloserine, capreomycin, para-aminosalicylic acid (PAS) and ethambutol. Published

evidence indicates that treatment outcome of patients with MDR-TB whose isolates show resistance either

to pyrazinamide or fluoroquinolones is poor in the absence of an adequate number of active drugs [5, 6]. In

order to strengthen the efficacy of therapy with the less potent second-line drugs, the patient received

bedaquiline on a compassionate basis between September 2011 and February 2012. Culture conversion was

confirmed at the end of October 2011. The patient remained culture negative and therapy was terminated in

March 2013.

In August 2013, the patient was re-admitted with fever, cough and acid-fast bacillus-positive sputum

microscopy. Therapy was re-initiated with cycloserine, capreomycin, PAS, ethambutol, clofazimine and

inhaled amikacin. Re-application for bedaquiline treatment was rejected by the manufacturer on the basis

that the patient had already received treatment on a compassionate basis for 6 months. DST of the relapse

isolate in 2013 confirmed the previous resistance pattern but, to our surprise, revealed additional resistance

to clofazimine. The 2011 isolate was susceptible to clofazimine (table 1). Most notably, the patient never

received clofazimine. Genotyping using 24-locus mycobacterial interspersed repetitive unit variable number

tandem repeats did not identify differences between the post-relapse and the previous isolates from 2011,

indicating a common clonal origin of these isolates [7]. Recently, HARTKOORN et al. [8] described a

mechanism of cross-resistance between clofazimine and bedaquiline in in vitro-selected mutants due to

mutation in the Rv0678 regulatory gene resulting in upregulation of the MmpL5 efflux pump gene. In a

previous study by MILANO et al. [9], numerous mutations in Rv0678 were found to lead to de-repression of

mmpL5. Analysis of the Rv0678 gene of the initial isolate of the patient from 2011 showed a wild-type

sequence [8]. In contrast, the Rv0678 gene sequence of the August 2013 isolate revealed a mutation at

nucleotide position 2 (GTGRGCG), resulting in the loss of the start codon (replacement of N-

formylmethionine by alanine), suggesting that overexpression of the mmpL5 efflux pump gene due to

impaired Rv0678 function is responsible for the observed resistance. Notably, the relapse isolates of the

patient did not have any mutations in the atpE gene, which was previously suggested to be associated with

bedaquiline resistance [10].

The threat of emerging bedaquiline resistance associated with this cross-resistance mechanism is underlined

by the compassionate use of bedaquiline in patients with XDR-TB and pre-XDR-TB who receive
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clofazimine as part of their combination therapy [11]. During the preparation of our manuscript, similar

findings have been reported by ANDRIES et al. [12] from Janssen Pharmaceutica (Beerse, Belgium), the

manufacturer of bedaquiline. Unfortunately, our requests to obtain bedaquiline to establish DST were

declined by the manufacturer and TB Alliance (Brussels, Belgium), as the drug is not intended to be made

TABLE 1. Quantitative phenotypic drug susceptibility testing results for first- and second-line antituberculous drugs#, and DNA
sequencing results of resistance-associated genes

TB isolate" TB relapse isolate+

MGIT 960 phenotype Resistance genotype MGIT 960 phenotype Resistance genotype

Isoniazid mg?L-1 katG Ser315Thr
inhA wild type

katG Ser315Thr
inhA wild type0.1 Resistant Resistant

1.0 Resistant Resistant
3.0 Resistant Resistant
10.0 Resistant Resistant

Rifampicin mg?L-1 rpoB Ser531Leu rpoB Ser531Leu

1.0 Resistant Resistant
4.0 Resistant Resistant
20.0 Resistant Resistant

Rifabutin mg?L-1

0.1 Resistant Resistant
0.4 Resistant Resistant
2.0 Not performed Resistant

Ethambutol mg?L-1 Not applicable Not applicable

5.0 Susceptible Susceptible
12.5 Susceptible Susceptible
50.0 Susceptible Susceptible

Streptomycin mg?L-1 rpsL Lys88Arg
rrs wild type (530 region)

rpsL Lys88Arg
rrs wild type (530 region)1.0 Resistant Resistant

4.0 Susceptible Susceptible
20.0 Susceptible Susceptible

Amikacin mg?L-1 rrs wild type (1400 region) rrs wild type (1400 region)

1.0 Susceptible Susceptible
4.0 Susceptible Susceptible
20.0 Susceptible Susceptible

Capreomycin mg?L-1 rrs wild type (1400 region)
tlyA wild type

rrs wild type (1400 region)
tlyA wild type2.5 Susceptible Susceptible

5.0 Susceptible Susceptible
25.0 Susceptible Susceptible

Ethionamide mg?L-1 ethA Ser266Arg
inhA wild type

ethA Ser266Arg

5.0 Resistant Resistant
10.0 Resistant Resistant
25.0 Resistant Resistant

Linezolid mg?L-1 rrl A2572C
rrl G2576T

rrl A2572C
rrl G2576T1.0 Resistant Resistant

4.0 Resistant Resistant
16.0 Susceptible Susceptible

Moxifloxacin mg?L-1 gyrA Asp94Tyr gyrA Asp94Tyr

0.25 Resistant Resistant
0.5 Resistant Resistant
2.5 Susceptible Resistant
7.5 Not performed Susceptible

Para-aminosalicylic acid
mg?L-1

Not applicable Not applicable

4 Susceptible Susceptible
16 Susceptible Susceptible
64 Susceptible Susceptible

Cycloserine mg?L-1 Not applicable Not applicable

50 Susceptible Susceptible
Pyrazinamide mg?L-1 pncA Gly107 Stop pncA Gly107Stop

100 Resistant Resistant
Clofazimine mg?L-1 Rv0678 wild type Rv0678 fMet1Ala

0.5 Resistant Resistant
1.0 Susceptible Resistant
4.0 Susceptible Resistant

Bedaquiline atpE wild type
Rv0678 wild type

atpE wild type
Rv0678 fMet1AlaNot available Not available Not applicable

Critical concentrations of first- and second-line antituberculosis drugs in the MGIT 960 system are highlighted in bold. Critical concentrations are not established for para-
aminosalicylic acid, cycloserine, clofazimine or bedaquiline in the BACTEC MGIT 960 system. TB: tuberculosis. #: using the BACTEC MGIT 960 system (Becton-Dickinson Inc., East
Rutherford, NJ, USA) with the TB eXiST module (Becton-Dickinson Microbiology Systems, Sparks, MD, USA); ": January 2011; +: August 2013.
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available for in vitro DST before a manufacturer-sponsored DST validation study may be published in the

first half of 2015. The lack of access to a high-standard reference laboratory, with vast experience in

developing and standardising novel DST methods to newer antituberculous compounds already used for

non-trial treatment, poses a serious drawback to the surveillance of emerging drug resistance and

determination of the remaining therapeutic options in MDR-TB.

In order to avoid further development and spread of this newly identified mechanism of cross-resistance

between clofazimine and bedaquiline, and to be able to rapidly and adequately identify and confirm

treatment failure to these drugs in the clinical practice, we believe that clinicians need to be aware of this

threat, and we urge that routine phenotypic DST should be available for all patients receiving clofazimine or

bedaquiline therapy. In addition, detection of mutations in the Rv0678 gene may indicate that revisions in

the therapeutic regimen are necessary. Not least, our findings reiterate that pharmaceutical companies need

to coordinate their priorities with tuberculosis control activities.

After the acceptance of this manuscript, bedaquiline quantitative DST was established in the BACTEC

MGIT 960 system using a commercially available bedaquiline tablet. Suspicion of bedaquiline resistance in

the relapse isolate (August 2013), based on the mutation identified in Rv0678, was corroborated by a 10-

fold minimal inhibitory concentration increase compared with the initial isolate (January 2011) from the patient.
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Mykobakterien, Universität Zürich, Gloriastrasse 30/32, CH-8006 Zurich, Switzerland. E-mail: akossomos@yahoo.com

Received: Aug 04 2014 | Accepted after revision: Sept 20 2014

Conflict of interest: None declared

References
1 Migliori GB, Sotgiu G, Gandhi NR, et al. Drug resistance beyond extensively drug-resistant tuberculosis: individual

patient data meta-analysis. Eur Respir J 2013; 42: 169–179.
2 Zumla AI, Gillespie SH, Hoelscher M, et al. New antituberculosis drugs, regimens, and adjunct therapies: needs,

advances, and future prospects. Lancet Infect Dis 2014; 14: 327–340.
3 Diacon AH, Pym A, Grobusch MP, et al. Multidrug-resistant tuberculosis and culture conversion with bedaquiline.

N Eng J Med 2014; 371: 723–732.
4 Springer B, Lucke K, Calligaris-Maibach R, et al. Quantitative drug susceptibility testing of Mycobacterium

tuberculosis by use of MGIT 960 and EpiCenter instrumentation. J Clin Microbiol 2009; 47: 1773–1780.
5 Chang KC, Leung CC, Yew WW, et al. Pyrazinamide may improve fluoroquinolone-based treatment of multidrug-

resistant tuberculosis. Antimicrob Agents Chemother 2012; 56: 5465–5475.
6 Falzon D, Gandhi N, Migliori GB, et al. Resistance to fluoroquinolones and second-line injectable drugs: impact on

multidrug-resistant TB outcomes. Eur Respir J 2013; 42: 156–168.
7 Somoskovi A, Helbling P, Deggim V, et al. Transmission of multidrug-resistant tuberculosis in a low-incidence

setting, Switzerland, 2006 to 2012. Euro Surveill 2014; 19: pii 20736.
8 Hartkoorn RC, Uplekar S, Cole ST. Cross-resistance between clofazimine and bedaquiline through upregulation of

MmpL5 in Mycobacterium tuberculosis. Antimicrob Agents Chemother 2014; 58: 2979–2981.
9 Milano A, Pasca MR, Provvedi R, et al. Azole resistance in Mycobacterium tuberculosis is mediated by the MmpS5–

MmpL5 efflux system. Tuberculosis 2009; 89: 84–90.
10 Petrella S, Cambau E, Chauffour A, et al. Genetic basis for natural and acquired resistance to the diarylquinoline

R207910 in mycobacteria. Antimicrob Agents Chemother 2006; 50: 2853–2856.
11 Tiberi S, De Lorenzo S, Centis R, et al. Bedaquiline in MDR/XDR-TB cases: first experience on compassionate use.

Eur Respir J 2014; 43: 289–292.
12 Andries K, Villellas C, Coeck N, et al. Acquired resistance of Mycobacterium tuberculosis to bedaquiline. PLoS One

2014; 9: e102135.

Eur Respir J 2014; In Press | DOI: 10.1183/09031936.00142914 | Copyright �ERS 2014

3

http://ow.ly/Cnkk7

	Table 1
	Ref 1
	Ref 2
	Ref 3
	Ref 4
	Ref 5
	Ref 6
	Ref 7
	Ref 8
	Ref 9
	Ref 10
	Ref 11
	Ref 12

