
The looming threat of bedaquiline
resistance in tuberculosis

To the Editor:

Multidrug- and rifampicin-resistant tuberculosis (MDR-/RR-TB) have evolved into a global public health
crisis. In late 2019, the World Health Organization (WHO) issued a rapid communication [1] advising
national TB programmes to phase out the injectable-containing shorter regimen. WHO indicated that the
preferred treatment option is a shorter, all-oral, bedaquiline-containing regimen and emphasised that
“access to rapid drug susceptibility testing, especially for ruling out fluoroquinolone resistance, is required”
before starting the bedaquiline-containing shorter regimen [1].

Phasing out injectables is simple but ensuring rapid drug susceptibility testing of fluoroquinolone is difficult
in low- and middle-income countries. Rapid expansion of bedaquiline use before ruling out fluoroquinolone
resistance is likely to happen in resource-limited settings where operational challenges are formidable.

The use of WHO-recommended bedaquiline-containing regimens in the treatment of MDR-/RR-TB
patients with undetected resistance to fluoroquinolones runs a high risk of acquired bedaquiline resistance,
especially in settings with a high prevalence of fluoroquinolone resistance [2]. A substantial proportion of
MDR-/RR-TB patients who have been treated with bedaquiline has been reported to harbour
bedaquiline-resistant strains in South Africa [3]. Solutions are urgently needed to avoid a looming threat
of bedaquiline resistance in TB if countries decide to follow WHO’s recommendation by swiftly phasing
out injectables.

The first step to reduce the risk of creating an epidemic of bedaquiline-resistant TB entails addressing the
lack of access to rapid fluoroquinolone drug susceptibility testing in a high proportion of MDR-/RR-TB in
low- and middle-income countries. It would be safer to modify the WHO-recommended
bedaquiline-containing short regimen to deal with undetected resistance of fluoroquinolone. Linezolid has
been shown to be valuable in achieving sputum conversion in chronic extensively drug-resistant TB.
Adding linezolid to a bedaquiline-containing short MDR-TB regimen before obtaining a fluoroquinolone
test result may be a temporary option. However, adverse reactions forcing the cessation of linezolid
treatment are frequent, and whether linezolid is effective in protecting bedaquiline against acquired
resistance remains uncertain [4]. Furthermore, the risk of acquired resistance to linezolid, which could
jeopardise its usefulness for TB and other infectious diseases, remains unknown. Since this approach has
not been systematically tested before, it would be better to apply it under operational research conditions.

The alternative is to strictly follow WHO’s recommendation of not using bedaquiline before obtaining
fluoroquinolone susceptibility test results. It follows that the short regimen of choice is the
injectable-containing short MDR-TB regimen. This has been shown to be highly effective under programme
conditions [5]. It was non-inferior to the WHO recommended long regimen in the first STREAM clinical
trial [6]. The use of the injectable three times per week likely might reduce the risk of ototoxicity without
compromising regimen efficacy [7]. However, strict audiometric monitoring is mandatory [8], and if baseline
resistance to injectable is undetected, acquired resistance to fluoroquinolone may occur.

Would it be feasible to empirically apply the WHO-recommended bedaquiline-containing regimen and
subsequently modify the regimen when fluoroquinolone susceptibility test results become available? In
resource-limited settings the answer is probably no. Planning to modify the regimen when such results
become available is likely wishful thinking because the results will probably be unavailable for the majority
of patients. Furthermore, acquired resistance to bedaquiline may have already occurred when the results
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eventually become available, due to the long turnaround time for drug susceptibility testing. WHO should
quickly provide guidance on the use of bedaquiline in patients without fluoroquinolone susceptibility
testing. Moreover, adherence must be ensured to prevent treatment interruption which may result in
bedaquiline monotherapy because of its long half-life [4].

The injectables are the main protection against acquired fluoroquinolone resistance in the
injectable-containing shorter MDR-TB regimen and it is still not yet clear whether bedaquiline is as
efficacious as an injectable in preventing acquired resistance to fluoroquinolones. Studies have shown that
bedaquiline has a mainly bacteriostatic effect in the early treatment phase [9], and
fluoroquinolone-resistant mutants may already have been selected before bedaquiline begins to kill.
Furthermore, heteroresistance is relatively common with fluoroquinolones and may not be detectable
without using next generation sequencing [10]. The stage two STREAM trial comparing an all-oral
bedaquiline-containing regimen with an injectable-containing regimen will provide evidence on the value
of bedaquiline in replacing injectables in patients with MDR-/RR-TB in whom resistance to
fluoroquinolone has been excluded by line probe assay. The findings of stage two STREAM will need to be
confirmed by operational studies to assess the impact of loss to follow-up on acquired bedaquiline
resistance in programme settings.

WHO indicates that “phasing out injectables and replacing them with bedaquiline is an urgent priority”.
Evidence on bedaquiline-containing short regimens is, however scarce, with currently no data on acquired
resistance to bedaquiline and fluoroquinolone. It may be wiser not to prematurely abandon
injectable-containing short MDR-TB regimens before the challenges in the use of bedaquiline-containing
regimen have been addressed (table 1). WHO and partners need to work closely with countries to ensure
that drug susceptibility testing of fluoroquinolone and other drugs are universally available.
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TABLE 1 Challenges in the introduction of a bedaquiline-containing short multidrug-resistant
tuberculosis (MDR-TB) treatment regimen

Activities Challenges

National adaptation of shorter MDR-TB regimen:
replacing the injectable drug with bedaquiline#

Risk of acquired resistance to bedaquiline and
fluoroquinolone with the adapted regimen is
unknown

DST for fluoroquinolone before starting a
bedaquiline-containing shorter regimen

Obtaining DST results for fluoroquinolone in a timely
manner is difficult in resource-limited settings

Next generation sequencing that is more sensitive in
the detection of fluoroquinolone resistance may
not be available

Ensure adherence to treatment Treatment interruption is common among MDR-/
RR-TB patients in most settings

Given the long half-life of bedaquiline, the impact of
loss to follow-up on acquired bedaquiline
resistance in programme settings need to be
assessed

Management of adverse drug reactions The use of bedaquiline, fluoroquinolone and
clofazimine may be associated with substantial
risk of QT prolongation

Regular assessment of QT interval could be difficult
in resource-limited settings

#: the short bedaquiline-containing MDR-TB regimen recommended by the World Health Organization
consists of levofloxacin (moxifloxacin), clofazimine, pyrazinamide and ethambutol throughout for
9–11 months, supplemented by ethionamide/prothionamide and high-dose isoniazid for the initial
4–6 months, and bedaquiline for the initial 6 months. DST: drug susceptibility testing; RR:
rifampicin-resistant.
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