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Multidrug-resistant (MDR) tuberculosis (TB) (defined
as resistance to at least isoniazid and rifampicin), has a
relevant epidemiological impact, with 480,000 cases and
190,000 deaths notified in 2014; 10% of them meet the
criteria for extensively drug-resistant (XDR)-TB [MDR-
TB with additional resistance to any fluoroquinolone,
and to at least one injectable second-line drugs (SLDs)]
(capreomycin, kanamycin or amikacin) (1,2).

The fight against MDR-TB is one of the eight core
interventions to target TB elimination (3,4). In spite of the
progresses achieved, no more than 60% among MDR-TB
cases, 40% among XDR-TB cases and <20% among cases
with resistance patterns beyond XDR-TB achieve treatment
success (5,6). Furthermore, in its 2015 report (1), WHO
underlined as out of 480,000 MDR-TB cases, only 25%
have been detected [123,000] and 50% cured.

Anti-MDR/XDR-TB regimens are still very long, toxic
and expensive, although recently shorter regimens have
been recommended (7,8).

Previous World Health Organization (WHO) guidelines
were classifying anti-TB drugs into five main groups,
based on a hierarchy of safety and/or the effectiveness
considerations (2,7,9). This classification originated in 2006,
and updated in 2008, 2011 and, finally, in 2016 based on new
evidence, particularly from the former group 5 drugs (10-31).
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Rationale basis of anti-TB treatment

The historical principles, derived from randomized clinical
trials (RCTS), are still valid: (I) combining different effective
drugs to prevent the selection of resistant mutants of M.
tuberculosis; and (II) prolonging the treatment to sterilise the
infected tissues and, therefore, prevent relapse (1,9,10).

At least four drugs likely to be effective compose
the regimen, of which at least two are essential (or
‘core’ drugs), while two are companion drugs (2,10,11).
The core drugs are those with the capacity to kill M.
tuberculosis in any of its metabolic phases. In contrast, the
role of the companion drugs is to support the core ones,
protecting their action and avoiding selection of further
resistance. Whilst one of the core drugs should have a
good bactericidal activity, the other should have a good
sterilising activity, and they need to be maintained for the
entire duration of treatment. While bactericidal drugs
efficiently reduce the bulk of the rapidly multiplying
bacilli (decreasing infectiousness and avoiding the disease’s
progression), sterilising drugs take care of the population
of dormant and semi-dormant bacilli, allowing cure and
preventing relapse. The best sterilising drugs may reduce
the duration of the treatment while the companion drugs
are no longer necessary after bacteriological conversion
(2,10,11). When documented resistance or toxicity appears
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WHO 2011 TB drugs classification
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WHO 2016 TB drugs classification
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Anti-TB drugs with future potentialities for upgrade: linezolid, delamanid, bedaquiline, carbapenemics

Figure 1 Comparative analysis of the drugs included in previous classifications and in the 2016 World Health Organization (WHO)

guidelines. In order to show the potentiality for upgrade of some the drugs not originally included in group 5, we have arbitrarily included

in this group delamanid and bedaquiline.

for a core drug, it should be replaced by another with a
similar efficacy (bactericidal and sterilising). Similarly, an
accompanying drug should be replaced by another with a
similar action.

Classification of anti-TB drugs and history of its
update

The choice of drugs is based on their efficacy and toxicity.
Based on this principle, the 2008 and then the 2011
WHO guidelines proposed a range of five groups, from
group 1 (which included first-line drugs) to groups 2-5
which included SLDs. Group 5 included the drugs with
potentially limited clinical efficacy or limited evidence
(2,5,10,11) (Figure 1). In order to show clearly the present
and future evolution of the drugs grouping, we have
arbitrarily included in the Figure 1, under group 5 drugs,
the new drugs delamanid and bedaquiline, for which, till
very recently, limited evidence was available.

In a recent publication (2), a possible new classification
was proposed by Caminero and Scardigli (7zble 1) while the
new 2016 WHO classification proposed a hierarchy of five
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groups (7), including groups A to D: fluoroquinolones are
in group A, second-line injectables in group B, other core
SLDs in group C and add-on agents in group D (where
drugs are divided into the subgroups D1, D2 and D3)
(Figure I). This classification is specifically designed for
rifampicin-resistant (diagnosed via Xpert) or MDR-TB
cases (7).

This manuscript, belonging to the ERS/ALAT SinTB
project (a research coordination project), describes the
rationale for the shift from the 2008 and 2011 to the 2016
WHO classifications (Figure 1), while discussing possible
future evolutions.

Group 1 versus group A

All potentially effective ex-group 1 drugs need to be
included in the regimen, considering that isoniazid,
rifampicin and pyrazinamide are core drugs, and ethambutol
is a companion drug. High-dose isoniazid should be added
to an MDR/XDR-TB regimen when the katG mutation is
not documented by the genotype line probe assay (Quest
Diagnostics, Madison, NJ, USA) but it should not be
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Table 1 Proposal for a revised classification of the anti-tuberculosis
drugs of first- and second-line published in-between the World
Health Organization 2011 and 2016 classifications [adapted from (1)]

Grouping of drugs  Drugs line category

First-line anti-tuberculosis drugs

Group 1 Isoniazid, rifampicin, ethambutol,

pyrazinamide

Second-line anti-tuberculosis drugs

Group 2 Moxifloxacin, high dose levofloxacin
(fluoroquinolones)

Group 3 Linezolid, delamanid, bedaquiline (newer
drugs with increased evidence)

Group 4 Amikacin, capreomycin, kanamycin
(injectables)

Group 5 Clofazimine, ethionamide/prothionamide,
carbapenems (imipenem, meropenem,
ertapenem)

Group 6 Cycloserine, para-amino salicylic acid,

amoxicillin/clavulanate

counted among the four active drugs (2,10,11).

However, very recent evidence suggests this might
not be fully true, which might further support adding
systematically high dose isoniazid, even in the presence of
katG mutation (12).

InhA mutation, in fact is conferring a very low level of
resistance (which is reasonably compatible with normal doses
of isoniazid), while katG mutation is responsible of varying
levels of drug resistance, most of these strains having low or
intermediate level of resistance. Therefore, in quite many
cases of isoniazid resistance in the presence of katG mutation,
high dose isoniazid is likely to be effective (12).

Pyrazinamide should always be used, although its drug
susceptibility test is unreliable, not being counted as well
among the four active drugs (2,10,11).

In the new classification, and for the purpose of treating
MDR-TB, pyrazinamide and ethambutol have been
included in group D1 (7) (Figure I).

Fluoroquinolones (particularly the later-generation ones:
high-dose levofloxacin or moxifloxacin) are core drugs,
having bactericidal and sterilising activity. They ensure
good tolerability and predict a favourable outcome in
MDR-TB treatment (2,10,11,13).

Based on these features they have been promoted in
group A (7).
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Group 2 versus group B

The ex-group 2 included the injectable SLDs (2,10,11),
having bactericidal (but not sterilising) activity and a
safety profile worse than fluoroquinolones (cumulative
toxicity leading to deafness or kidney problems). They
have been included in group B, which immediately follows
fluoroquinolones (2) (Figure 1). The possibility to use
streptomycin in exceptional cases to treat MDR-TB
(especially in selected XDR-TB cases not using previously
this drug and with drug susceptibility testing showing
susceptibility) might deserve further discussion.

Group 3 and 4 versus group C

As ex-group 1 drugs were not symmetrically considered for
MDR-TB treatment, the following group in hierarchical
order was group 4, which included ethionamide/
prothionamide, cycloserine/terizidone and PAS.

Having bactericidal activity, they are core SLDs although
with high incidence of adverse events, some of them very
severe. For this reason, they have been included in group
C, except PAS, which has been downgraded to group D3
because of the worse tolerability in this group of drugs (7).

Due to the improved evidence on their efficacy and
tolerability, linezolid and clofazimine have been upgraded
to group C (7).

Because of the new recent evidence, a special discussion
is necessary for linezolid, delamanid and bedaquiline.

Linezolid

Linezolid is a core oral drug. Increasing evidence on its
efficacy is accumulating, including meta-analyses and two
RCTs, in addition to observational studies. Unfortunately,
the current cost and the documented toxicity (14-22) have
been a barrier to its wider use. However, the cost of a generic,
quality-assured compound is decreasing (21) and a recent
report suggests that tolerability can be increased lowering
the initial dose or adjusting it during treatment [e.g., using
therapeutic drug monitoring (TDM)] (23).

Delamanid and bedaquiline
Information on a favourable safety and efficacy profile are
accumulating for both delamanid and bedaquiline, including
individual use as per existing recommendations (24), use
beyond 6 months (24) and in children (25), and even
combined use (26).

Bedaquiline is a core drug, targeting both actively
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replicating and dormant bacilli. The available evidence
includes RCTs (27,28) and observational studies, including
experiences from compassionate use programmes as well
(26,29). Bedaquiline accelerates bacteriological conversion
while increasing the proportion of converters and the
cure rates (27,28). The main concern regarding safety of
bedaquiline is the unexplained higher number of deaths
in the bedaquiline arm of the RCT (28), as its commonest
adverse reaction is the Q7Tc interval increase in the
electrocardiogram (ECG) (24,27,28). Important to mention,
its cross-resistance with clofazimine, although recent data
seem to indicate it might be non-clinically relevant (22).

Delamanid because of its bactericidal and sterilising
activity, can also be considered a core drug (30,31). It does
not show cross-resistance with other anti-TB drugs (30,31),
is effective in increasing both bacteriological conversion and
treatment outcomes, and does reduce mortality (30-32). As
it also increases QIc, ECG monitoring is necessary likewise
bedaquiline.

Recent anecdotal evidence has been provided that
both drugs can be given for more than 6 months, that
delamanid is safe in children and that the two drugs might
be combined (25,26,33).

Which drugs might be upgraded

Linezolid, bedaquiline and delamanid might be able to
change the bleak prognosis of MDR-TB patients with
resistance to fluoroquinolones (some clinicians call these
cases pre-XDR, using a non-approved definition) (2)
(Figure 1).

Recently new evidence has been made available on
carbapenems, with the profile of a companion drug.
Imipenem/cilastatin and meropenem, combined with
clavulanic acid, seem to have a promising activity, while
being well tolerated (34-37). In the direct comparison
meropenem performs better than imipenem (37). Initial
clinical experience with ertapenem suggests that it can be a
valid drug for the home-care phase of MDR-TB treatment,
as it can be administered intramuscularly once a day (38).

Important to note that recent evidence suggests this
category of drugs might have, in view of its bactericidal
activity, the role of a core drug (39).

Future scenarios

Linezolid, delamanid and bedaquiline might acquire a more
prominent role in MDR-TB treatment both in adults and
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in children, given their ‘core drug’ profile. Under specific
conditions delamanid and bedaquiline might be considered
for combined use (26), although further RCTs’ evidence is
necessary.

Further studies are also necessary to establish if high
dose moxifloxacin, and rifabutin, might play a future role in
the MDR-TB armamentarium.

We hope that further evidence will be accompanied by
decreasing costs of these compounds; the recent inclusion
of both of them in the Global Drug Facility list of pre-

qualified drugs is encouraging.
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