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Editorial
Tuberculosis (TB) is a major infectious disease and increasing

incidence of drug-resistant-TB is a serious threat to global TB control.
Active TB disease in humans is caused mainly by Mycobacterium
tuberculosis. Some disease cases are also caused by Mycobacterium
africanum (mainly in Africa) and Mycobacterium bovis (due to
consumption of unpasteurized milk), two other species belonging to
the M. tuberculosis complex [1]. The infection is mainly acquired by
inhalation of tubercle bacilli expectorated by pulmonary TB patients
(open TB) during close human contact [1]. Primary infection either
leads to clinically active TB disease or the host immune response
arrests multiplication of M. tuberculosis. However, complete
sterilization is achieved in some individuals only while few bacilli in
other individuals escape killing, become dormant and persist in
granulomatous lesions (latent TB infection) [1]. The latent infection
may remain dormant for a long time or resuscitates to cause active TB,
years to decades later, often due to weakening of the host immune
response [1]. Nearly 25% of the world population is latently infected
with tubercle bacilli and 5%-10% of the infected individuals will
eventually develop active TB disease during their life-time [2].
Reactivation of latent infection is more frequent in people with
immunodeficiencies, diabetes, other immunosuppressive conditions or
co-infection with human immunodeficiency virus (HIV) [1]. Active
TB disease in low TB incidence/high income countries mostly occurs
in foreign-born individuals due to reactivation of latent infection while
recent infection/re-infection is common in TB endemic countries
[1,3].

Although the incidence of active TB disease and TB deaths are
declining, the global burden of TB still remains high. According to the
World Health Organization (WHO) annual surveys, there were 10.4
million active TB disease cases in 2016 [4]. Nearly 70% of disease cased
occurred in countries of South-East Asia and Africa and 56% of cases
occurred in China, India, Indonesia, the Philippines and Pakistan [4].
The incidence varied from <10 per 100 000 populations in high-
income countries to 150-300 per 100 000 in most of the 30 high TB
burden countries [4]. An estimated 1.7 million people (including 0.37
million HIV-coinfected individuals) died from TB in 2016, making TB
as the ninth leading cause of death worldwide and the leading cause of
death from a single infectious agent [4]. Most of the TB deaths are now
attributed to the resistance of M. tuberculosis strains to anti-TB drugs
[4,5].

The increasing incidence of DR-TB, multidrug-resistant (MDR)-TB
(M. tuberculosis resistant at least to rifampicin and isoniazid, the two
most effective first-line drugs) and extensively drug-resistant (XDR)-
TB (MDR-TB strains additionally resistant to a fluoroquinolone plus
injectable agent, kanamycin, amikacin or capreomycin) pose a major

threat to global TB control efforts [4]. In 2016, an estimated 600 000
new TB cases were resistant to rifampicin (RR-TB) of which 490 000
were additionally resistant to isoniazid (MDR-TB) [4]. Nearly 4% of all
new TB cases and 19% of previously treated cases had MDR-TB and
47% cases occurred in India, China and the Russian Federation [4].
Patients infected with RR-TB are also treated as MDR-TB cases [4].
Successful treatment of RR-TB and uncomplicated MDR-TB (M.
tuberculosis strains resistant only to rifampicin and isoniazid) is higher
compared to treatment of MDR-TB resistant to additional first-line
drugs [4-6]. Nearly 10% of all MDR-TB cases are now estimated to
have XDR-TB [4,5]. Some (India, Iran, Italy and South Africa)
countries have also reported totally drug-resistant (TDR)-TB caused
by M. tuberculosis strains resistant to all tested anti-TB drugs [5-7].
However, WHO currently does not endorse the definition of TDR-TB
since drug susceptibility testing (DST) results for many second-line
and other drugs are poorly reproducible [4].

Treatment of fully drug-susceptible-TB is highly efficacious and if
implemented properly, has a cure rate of >90% [4,6,8]. On the contrary,
treatment of patients with DR-TB, particularly MDR-TB is much more
difficult due to lengthy (12-24 months), more expensive and more
toxic drug regimens and the patients often experience clinical failure
or disease relapse [5-7]. Recent WHO data show that the treatment
success rates for drug-susceptible TB, MDR-TB and XDR-TB are 83%,
54%, and 30%, respectively [4]. Despite the long duration of treatment,
the cure rates for MDR-TB are dismally low and untreated MDR-TB
leads to XDR-TB [6]. Thirty-five countries, mostly in Asia and Africa
have recently introduced short-course (9-12 months) Bangladesh
regimen for the treatment of RR-TB/MDR-TB patients, with treatment
success rates approaching 90% [4,9]. Two new anti-TB drugs
(bedaquiline and delamanid) have recently been approved to treat
MDR-TB [4,10]. More than 80 countries have started using
bedaquiline and >50 countries have started including delamanid in
treatment regimens for MDR-TB [4]. In an effort to improve treatment
outcome specifically for RR-TB and MDR-TB, WHO has recently
reclassified anti-TB drugs.

The anti-TB drugs were previously divided into 5 groups (Group 1
to 5) based on decreasing efficacy and increasing toxicity. Group 1
(first-line) agents included relatively less toxic and mostly bactericidal
(rifampicin, isoniazid, ethambutol and pyrazinamide) oral drugs
suitable for combination therapy [8]. Streptomycin is not used
routinely anymore due to higher frequency of resistance and the
availability of other active drugs suitable for oral therapy [6,8]. Group 2
included injectable aminoglycosides (kanamycin and amikacin) and
cyclic polypeptides (capreomycin or viomycin) [6,8]. Group 3 included
fluoroquinolones, particularly bactericidal agents such as levofloxacin
(at high dose), gatifloxacin and moxifloxacin [6,8]. Group 4 included
mainly bacteriostatic, less efficacious and more toxic oral agents that
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were used in therapy regimens only for treatment of MDR-TB and
XDR-TB [6,8]. High dose isoniazid and rifabutin were also used
occasionally as second-line oral agents [6,8]. Group 5 included third-
line reinforcing agents that were used only for the treatment of MDR-
TB or XDR-TB but were not recommended for routine use due
unproven efficacy and serious side effects [6,11]. However, these
classifications are now considered inadequate for the proper
management of RR-TB and MDR-TB patients since treatment of
MDR-TB by conventional approaches for 18-24 months actually
amplifies resistance further as successful outcome is achieved in ~50%
of treated patients only [4]. Furthermore, the availability of two new
anti-TB drugs, bedaquiline and delamanid, to treat MDR-TB has
renewed hope for improved outcome of MDR-TB and to prevent
development of XDR-TB [10,12]. Consequently, the WHO has recently
reclassified anti-TB drugs with the aim of developing a more
efficacious and better tolerated regimen for RR-TB and MDR-TB cases
[13]. The currently available drugs, including new drugs (bedaquiline
and delamanid), are classified into four groups (Group A to Group D)
specifically for the treatment of RR-TB and MDR-TB [13]. The
remaining first-line drugs (pyrazinamide and ethambutol) are now
assigned to a subclass of Group D agents [13].

Group A includes fluoroquinoloes (moxifloxacin, gatifloxacin or
high-dose levofloxacin) as the best agents for the treatment of MDR-
TB as they have excellent safety profile and bactericidal and sterilizing
activity against M. tuberculosis. They are now placed ahead of
injectable agents as their use is associated with a more favourable
outcome [13]. Second-line injectable (amikacin, kanamycin and
capreomycin) drugs have now been placed in Group B as they are
bactericidal but lack sterilizing activity [13]. According to WHO, the
Group B may include in future, three oral drugs; linezolid (or sutezolid
or tedizolid), bedaquiline and delamanid, if they prove to be more
effective and less toxic than the injectables for an all oral therapy for
MDR-TB [13]. Group C currently includes second-line oral drugs;
linezolid, clofazimine, ethionamide, prothionamide, cycloserine and
terizidone [13]. Linezolid is bactericidal with sterilizing action and the
toxicity can be managed by reducing the dose [6]. Ethionamide and
prothionamide have moderate bactericidal activity but also exhibit
higher toxicity [13]. Clofazimine has some strerilizing activity and
good tolerability, however, skin decoloration (drug side effect) may
limit its use in some ethnic groups [4,9,13].

Group D drugs have been further dividied into three sub-groups;
D1, D2 and D3. Group D1 includes pyrazinamide and two other first-
line drugs (ethambutol and high-dose isoniazid) provided they are
likely to be effective [13]. Rifabutin may also be considered for some
M. tuberculosis isolates with specific rpoB mutations which confer
resistance to rifampicin but are susceptible to rifabutin [6,13]. Group
D2 includes two new drugs; bedaquiline and delamanid that have
recently been approved to treat MDR/XDR-TB cases when no other
options are available or other drugs are not tolerated by the patient to
complete at least four active drug-regimen [10,12]. Bedaquiline and
delamanid are bactericidal with sterilizing activity as they target
actively replicating and dormant bacilli [12,14]. Bedaquiline has been
safely used for up to 18 months and has also been used in combination
with delamanid [12,14]. Group D3 includes p-aminosalicylic acid,
thiacetazone, amoxycillin-clavulanate, imipenem-clavulanate and
meropenem-clavulanate [13]. Meropenem/clavulanate was recently
found to be more active than imipenem/clavulanate and is bactericidal
[15]. Thus meropenem/clavulanate may also be used as a core drug for
pre-XDR/XDR-TB cases with resistance to second-line injectables.

According to the new drug classification proposed by WHO,
patients with RR-TB and MDR-TB should be treated with at least five
effective TB medicines during the intensive phase and should include
pyrazinamide and four core second-line drugs including one drug
from Group A, one drug from Group B and at least two drugs from
Group C [13]. The remaining first-line drugs (ethambutol, high-dose
isoniazid and/or rifabutin) may also be used if they are likely to be
beneficial based on drug resistance profile [13]. High-dose isoniazid
may be added when a mutation in the katG gene is absent, however, it
should not be counted as one of four active drugs [13]. Similarly,
rifabutin may be added if susceptibility is suggested by a favorable
rpoB mutation profile [13], but it should not be counted as one of four
active drugs. If sufficient number of effective drugs cannot be
composed as given above, an agent from Group D2 and other agents
from Group D3 may be added to bring the total to five drugs. If
pyrazinamide is compromised due to resistance or can not be used, the
regimen may be reinforced with a drug from Group C or Group D2,
and if it is not possible then from Group D3 [13]. Other important
factors for successful management of RR-TB and management of
MDR-TB include easy availability of the drugs at an affordable price,
reliable DST facilities and recognizing and promptly managing adverse
drug reactions [4,13]. The treatment for RR-TB and MDR-TB should
last 18 months or longer and should include minimum number of
second-line drugs considered to be effective based on patient history or
drug-resistance patterns [13].

Another important development is the introduction of a cheaper
and shorter ‘Bangladesh regimen’ of 9-12 months’ duration for patients
with RR-TB and MDR-TB who were not previously treated with
second-line drugs and in whom resistance to fluoroquinolones and
second-line injectable agents is either excluded or is considered highly
unlikely [9,3,16]. This regimen includes an intensive phase of 4 months
with high-dose gatifloxacin, pyrazinamide, ethambutol, clofazimine,
kanamycin, prothionamide and isoniazid followed by 5 months of
continuation phase with high-dose gatifloxacin, pyrazinamide,
ethambutol, clofazimine and reported treatment success rate of nearly
90% [13,16]. Gatifloxacin which likely played a critical role in its
success was unfortunately withdrawn from the market due to
association of this drug with dysglycaemia, depriving resource-poor
countries of an efficacious, effective and inexpensive drug [17]. The
WHO has now replaced gatifloxacin with moxifloxacin in its
guidelines [13]. The revised shorter regimen now includes an initial
phase of 4 to 6 months of treatment with pyrazinamide, kanamycin,
moxifloxacin, prothionamide, clofazimine, high-dose isoniazid and
ethambutol followed by 5 months of continuation phase with
pyrazinamide, kanamycin, moxifloxacin and ethambutol [4,9,13].

The WHO guidelines also emphasize the importance of rapid
diagnosis of drug resistance detection by molecular testing to ensure
appropriate selection of patients who can truly benefit from the shorter
MDR-TB regimen [13]. The liquid medium-based fully automated
culture systems (e.g. MGIT 960 system) report results within 10-14
days, however, their performance for M. tuberculosis isolates carrying
specific resistance conferring mutations in target genes for some first-
line drugs (e.g. rifampicin and ethambutol) and many second-line
drugs is sub-optimal [18,19]. Molecular methods are rapid reporting
DST results within 1-2 days [19,20]. However, the sensitivity of some
methods is affected by the frequency of specific mutations in resistance
conferring genes which varies in different geographical settings/ethnic
groups [21-23]. Whole-genome sequencing is a newer alternative that
provides rapid drug resistance profiles for all anti-TB drugs to inform
treatment within 1-2 days [24,25]. Rapid diagnosis also reduces the
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duration of infectious period by rapid initiation of treatment with an
adequate regimen, further transmission of MDR-TB within the
community and development of additional resistance leading to pre-
XDR-TB and XDR-TB [4,6].
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