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ABSTRACT
Despite the introduction 40 years ago of the inexpensive and effective four-drug (isoniazid, rifampicin, pyrazinamide and
ethambutol) treatment regimen, tuberculosis (TB) continues to cause considerable morbidity and mortality worldwide. For the
first time since the 1960s, new and novel drugs and regimens for all forms of TB are emerging. Such regimens are likely to
utilize both repurposed drugs and new chemical entities, and several of these regimens are now progressing through clinical
trials. This article covers current concepts and recent advances in TB drug discovery and development.
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INTRODUCTION
Human tuberculosis (TB) is caused by infection with
members of the Mycobacterium tuberculosis complex,
which includes Mycobacterium tuberculosis itself,
Mycobacterium africanum, Mycobacterium bovis,
Mycobacterium caprae, Mycobacterium microti,
Mycobacterium pinnipedii and Mycobacterium canettii1,2.
Patients with active pulmonary TB are the main sources
of infection and the majority of people infected with M.
tuberculosis contain it as asymptomatic latent TB
infection (LTBI). An estimated 2 billion people have
LTBI and are at risk of re-activation of the disease1,3,4.
TB continues to spread in every corner of the globe
despite the introduction of the inexpensive and effective
quadruple drug therapy regimen 40 years ago 5
The seventeenth World Health Organization (WHO)
report on the worldwide incidence of TB6 indicates that
TB remains a global emergency. India, China, South
Africa and the Russian Federation have almost 60% of
the world‟s TB cases6` Multidrug-resistant TB
(MDR-TB) is now widespread globally with an estimated half a million cases reported in 2011, and
extensively drug-resistant TB (XDR-TB) has been
reported in 84 countries.
TB treatment is challenging, requiring accurate and early
diagnosis,
drug-resistance
screening
and
the
administration of effective treatment regimens for at least
6 months through directly observed therapy (DOT) and
follow-up support. There is an urgent need for the development and more efficient evaluation of new TB drugs
and shorter treatment regimens.. Over the past 10 years,
significant investment by scientists, funding bodies and
high-profile advocacy by the WHO‟s STOP TB department, and other organizations, has led to a renaissance of
activity in the discovery and development of new TB
drugs and TB treatment regimens. These efforts have
culminated in historic advances in TB therapeutics,
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including the recent submissions to regulatory agencies
for approval of two new drugs: delamanid (previously
known as OPC67683) and bedaquiline (also known as
TMC207 or R207910)
CURRENT TUBERCULOSIS TREATMENT
REGIMENS
Drug-susceptible tuberculosis. Nearly 60 years following the identification of the first antibiotic active against
M. tuberculosis, the current recommended treatment of
drug-susceptible TB is of at least 6 months duration and
achieves cure rates of >95% when administered under
DOT. Treatment requires a minimum of 6 months in two
phases: 2 months of four drugs (isoniazid, rifampicin,
pyrazinamide and ethambutol) in the intensive phase
followed by 4 months of isoniazid plus rifampicin in the
continuation stage (the so-called short-course chemotherapy). This regimen is currently implemented for
pulmonary TB and most forms of extrapulmonary TB
regardless of HIV status7,8.
However, there are significant challenges associated with
current therapy including the following: drug intolerance
and toxicities, with the resultant need for treatment
interruptions
and
changes
to the
regimen;
pharmacokinetic drug–drug interactions, particularly
with antiretroviral therapy (ART) drugs in patients
co-infected with TB and HIV; and patient adherence
given the lengthy treatment duration necessary to achieve
non-relapsing cure. The absence of concerted drug
development and new combinations for decades has
paradoxically paved the way for introduction of fixeddose combinations of two (isoniazid and rifampicin),
three (isoniazid, rifampicin and pyrazinamide) and four
(isoniazid, rifampicin, pyrazinamide and ethambutol)
drugs9. Given that most of the world‟s TB burden is
caused by drug-susceptible strains of M. tuberculosis, the
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above two, three and four fixed-dose combinations have
been introduced in an attempt to decrease the emergence
of resistance and to improve ease of administration.
However, challenges with the existing standard treatment
regimen remain and continue to impede progress in
global TB control.
Multidrug-resistant-TB.(Tuberculosis
caused by
Mycobacterium tuberculosis bacilli that are resistant to at
least isoniazid and rifampicin) The WHO estimates that
only 10% of the annual 650,000 incident cases of
MDR-TB worldwide receive high-quality, appropriate
treatment and management. Ideally, treatment of
MDR-TB requires „individualized‟ regimens based on in
vitro drug-susceptibility testing (DST) results for each
patient‟s isolate10. In areas where facilities for M.
tuberculosis culture are available, culture-based systems
for first-line DST do not provide results for several
weeks, and for second-line DST the results are frequently
not available for several months.Patient groups for which
empirical treatment for MDR-TB is considered, and
offered, include those in whom TB treatment is failing
(that is, who remain culture-positive after 4 months of
treatment), any persons with recurrent TB, persons in
contact with drug-resistant cases of TB, and persons who
were born in countries, or reside in settings, where drugresistant TB is highly prevalent.
The newly introduced Xpert MTB/RIF Assay is a
diagnostic test that can be used with minimal technical
expertise, enabling rapid diagnosis of TB and simultaneous assessment of rifampicin resistance within 2
hours11,12. The test is fully automated and utilizes molecular beacon technology to detect DNA sequences ampli-
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fied in a hemi-nested real-time PCR assay. MTB/RIF
assay provides a high sensitivity initial screen for
MDR-TB and the WHO recommends that patients with
rifampicin-resistant TB should receive MDR-TB therapy
pending additional DST
The 2011 WHO MDR-TB treatment guidelines recommend that the intensive phase of therapy is administered
for at least 8 months for patients newly diagnosed with
MDR-TB (that is, not previously treated for MDR-TB)10.
Regimens should include at least four second-line drugs
(BOX 1) that will have nearly certain effectiveness and
be given on a daily basis under DOT throughout the
treatment duration. Total duration of therapy should be
for at least 20 months when there is no history of
previous MDR-TB treatment, and 28 months if there was
previous MDR treatment. Pyrazinamide (Group 1; BOX
1) and an injectable drug (Group 2; BOX 1) are given
only during the intensive phase. Durations for each phase
should be modified according to the patient‟s response to
therapy. Group 3 (BOX 1) contains the fluoroquinolones,
of which moxifloxacin and levofloxacin are most active.
Other approved second-linedrugs for MDR-TB treatment
included in Group 4 and Group 5 (BOX 1) have either
weak or unclear bacteriostatic activity, many of which
also have very high rates of side effects and intolerance.
Linezolid (an oxazolidinone) and clofazimine (a
riminophenazine) are two drugs in Group 5 that are
undergoing additional investigation to better define their
safety, tolerability and efficacy as potential repurposed
drugs for MDR-TB .

Box 1
CLASSIFICATION OF DRUGS USED TO TREAT DRUG-SUSCEPTIBLE AND DRUGTUBERCULOSIS13

RESISTANT

First-line anti-TB drugs
Group 1. Oral: isoniazid (H/Inh), rifampicin/rifampin (R/Rif), pyrazinamide (Z/Pza), ethambutol (E/Emb), rifapentine
(P/Rpt) or rifabutin (Rfb).
Second-line anti-TB drugs
Group 2. Injectable aminoglycosides: streptomycin (S/Stm), kanamycin (Km), amikacin (Amk). Injectable
polypeptides: capreomycin (Cm), viomycin (Vim).
Group 3. Oral and injectable fluoroquinolones: ciprofloxacin (Cfx), levofloxacin (Lfx), moxifloxacin (Mfx), ofloxacin
(Ofx), gatifloxacin (Gfx).
Group 4. Oral: para-aminosalicylic acid (Pas), cycloserine (Dcs), terizidone (Trd), ethionamide (Eto), prothionamide
(Pto), thioacetazone (Thz)
Third-line anti-TB drugs
Group 5. Clofazimine (Cfz), linezolid (Lzd), amoxicillin plus clavulanate (Amx/Clv), imipenem plus cilastatin
(Ipm/Cln), clarithromycin (Clr).

Extensively drug-resistant TB
(XDR-TB). Tuberculosis (TB) caused by Mycobacterium
tuberculosis bacilli that are resistant to rifampicin,
isoniazid, plus any fluoroquinolone and at least one of
the three injectable second-line drugs: amikacin,
© 2011-14, JDDT. All Rights Reserved

kanamycin and capreomycin . XDR-TB takes
substantially longer to treat than MDR-TB and requires
the use of third-line anti-TB drugs, which are expensive
and often have more side effects than first-line or
second-line drugs. XDR-TB is associated with high morISSN: 2250-1177
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tality rates and in HIV-infected persons these may reach
100% if treatment commences too late14,15.
Totally drug-resistant tuberculosis. Some recent reports
use the term totally drug-resistant TB (TDR-TB) to
describe TB caused by M. tuberculosis strains that are
resistant to all available first-line and second-line TB
drugs16Labelling patients as having TDR-TB is likely to
generate additional and unnecessary stigma, and as such
should be avoided, particularly given the serious
concerns raised by the WHO. Moreover, since new drugs
are being developed and evaluated to combat drugresistant strains of M. tuberculosis, and many drugs are
being repurposed, the categorization will soon become
obsolete.
NEW ANTI-TUBERCULOSIS DRUG
DEVELOPMENT
After five decades of near inactivity in TB drug development, the past 5 years have seen the emergence of a
promising TB drug pipeline. Combining these new drugs
with existing TB drugs offers hope for regimens that are
better tolerated, shorter in duration and with fewer drug–
drug interactions when compared with existing regimens.
Repurposed compounds
Many of the candidates currently in clinical trials are
drugs that were developed to treat other infectious diseases and have since been repurposed.
Fluoroquinolones. Fluoroquinolones target DNA gyrase
and DNA topoisomerase in many bacteria and are frequently used for the treatment of MDR-TB as
components Interest in their use as possible first-line
drugs was renewed when it was shown that fluoroquinolones had the potential to reduce the duration of
therapy in murine models of TB17Gatifloxacin and
moxifloxacin are currently in Phase III clinical trials to
establish whether drug-susceptible TB can be effectively
treated in 4 months by substituting gatifloxacin for
ethambutol, or moxifloxacin for ethambutol or
isoniazid18
Rifamycins. Rifampicin, which has been the backbone of
TB chemotherapy for 40 years, targets the beta subunit
of RNA polymerase, thereby preventing transcription.
Rifapentine , another rifamycin, acts in the same way but
has a much longer half-life than rifampicin, so achieves
better exposure and thus has the potential to shorten
treatment duration 19. Several Phase II clinical trials are in
progress, in which rifampicin is replaced by high-dose
rifapentine, to assess its potential to shorten the treatment
duration of drug-susceptible TB
Clofazimine. A meta-analysis of studies that used the
leprosy drug clofazimine repurposed for TB treatment
showed that it could have a major part to play in the
treatment of MDR-TB20 Clofazimine administration via
the aerosol route using microparticles was effective in
the treatment of a mouse model of TB21. This route of
administration
could
potentially
reduce
the
gastrointestinal and dermatological (skin discolouration)
side effects of Clofazimine
Oxazolidinones. Oxazolidinones are a new class of drugs
that inhibit protein synthesis by binding to the 23S rRNA
© 2011-14, JDDT. All Rights Reserved
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in the 50S ribosomal subunit of bacteria. Linezolid, a
first-generation oxazolidinone shows tuberculostatic
activity in vitro and modest activity in murine models of
TB22,23. Early off-label trials of linezolid in combination
regimens suggested that the drug was effective against
MDR-TB23 and definitive proof for this was recently
obtained in a prospective, randomized clinical trial in
patients with XDR-TB24 Apart from peripheral neuropathy and myelosuppression, several other serious side
effects of linezolid occur, such as thrombocytopaenia
and optic neuritis25.
Sutezolid (also known as PNU-100480), a linezolid
analogue that has stronger bactericidal activity in the
murine model than linezolid, is currently in Phase II
clinical trials26,27
Meropenem plus clavulanate combination. M.
tuberculosis is naturally resistant to β-lactam antibiotics,
such as meropenem, as it produces an efficient βlactamase, BlaC, which hydrolyses them. Recently, it
was elegantly demonstrated that inhibition of BlaC by
clavulanate could lead to M. tuberculosis becoming
susceptible to meropenem28 Meropenem acts by
inhibiting dd-carboxypeptidase
activity,
thereby
perturbing peptidoglycan biosynthesis29. Meropenem and
clavulanate are both approved drugs and this
combination has been used with some success, in
conjunction with other drugs, to treat patients with
MDR-TB and XDR-TB30,31
NEW CHEMICAL ENTITIES
Bedaquiline. The newly approved drug bedaquiline, a
diarylquinoline inhibits the c subunit of ATP synthase,
thereby decreasing intracellular
ATP levels32
Bedaquiline was discovered using phenotypic screening
An attractive feature of bedaquiline is its equipotent
activity against both replicating and dormant M. tuberculosis bacilli33, and an explanation for this was provided
by Rao et al.34, who showed that de novo ATP synthesis
is essential for the viability of nonreplicating
mycobacteria. Bedaquiline kills both drug-susceptible
and drug-resistant M. tuberculosis strains, displaying
minimal inhibitory concentrations equal to or lower than
those of isoniazid and rifampicin The clinical activity of
bedaquiline validates ATP synthase as a highly
vulnerable target of M. tuberculosis. Another remarkable
feature of bedaquiline is its unusually long half-life, a
desirable feature for inclusion of this drug in an intermittent regimen35. However, bedaquiline also accumulates
in tissues, therefore care must be taken to avoid carryover effects when measuring its activity36. Bedaquiline
has a black-box warning due to its potential to induce
arrhythmia13.
Nitroimidazoles. Nitroimidazole compounds, such as the
classic metronidazole, were first investigated as TB
drugs because of their known activity against anaerobic
microorganisms, and anaerobiosis is thought to lead to
LTB37. Metronidazole kills M. tuberculosis in vitro under
hypoxic but not aerobic conditions and displays widely
contrasting effects in different animal models, ranging
from good efficacy in the rabbit, with its caseous granulomas, to no efficacy in mice or guinea pigs. Two newer
nitroimidazoles, PA-824 and OPC67683 (now known as
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delamanid) are in clinical development, and, like
metronidazole, both are prodrugs.
Delamanid is a nitro-dihydro-imidazooxazole that was
first shown to be active against M. tuberculosis in vitro
and then in mice38. Its mechanism of action is probably
through inhibiting mycolic acid biosynthesis and it also
kills intracellular tuberculosis bacilli. Like PA-824, delamanid requires nitroreduction by Ddn for activation;
mutants lacking this enzyme are resistant to delamanid
and unable to produce the des-nitro-imidazooxazole
form38-42. It seems probable that delamanid, which is
more potent than PA-824, also kills by producing NO or
an as yet unidentified radical, and that this acts randomly
within M. tuberculosis. Delamanid received its first
global approval in the European Union (EU), for use in
combination with optimised background therapy., for the
treatment of MDR-TB.43In a recent study, delamanid
improved treatment outcome and reduced mortality
among MDR-TB and XDR-TB patients when used with
an optimized background regimen 44.
Benzothiazinones. Benzothiazinones are the most potent
inhibitors of M. tuberculosis yet described and display
low nanomolar bactericidal activity against mycobacteria
growing in vitro and in ex vivo models45Benzothiazinone
derivatives are therefore suicide substrates and BTZ043
is now at the good laboratory practice toxicology stage of
preclinical development.
PROGRESS
IN
NEWER
REGIMENS FOR MDR-TB.

TREATMENT

Recent studies have brought additional treatment options
for MDR-TB. An observational “Bangladesh”
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standardized regimen study46 with a duration of 9–12
months evaluated the efficacy of gatifloxacin,
ethambutol, pyrazinamide and clofazimine given
throughout the study, supplemented by kanamycin,
prothionamide and isoniazid during an intensive phase of
4 months. The study concluded that outcomes were
comparable with those observed with the usual 20-month
course of MDR-TB treatment and that major adverse
drug reactions were infrequent.
CONCLUSIONS AND PERSPECTIVES
TB is now found in every corner of the globe and is
threatening gains made in TB control in Europe 47,48.
This is despite the introduction of cheap and effective
treatment with quadruple drug therapy 40 years ago.
There is a great need for shorter, less toxic treatment
regimens, new drugs and better and shorter ways of
evaluating new TB drugs and drug regimens. The history
and evolution of TB drug discovery, development and
evaluation has been fascinating. Over the past 10 years a
major investment by scientists, funders and the WHO has
led to a renaissance of activity into new TB drug
development and evaluation. There is an urgent need for
increased coordination and enhanced collaboration
among drug developers, funding agencies and clinical
trial networks. Efforts by the Critical Path to TB Drug
Regimens are underway to bring stakeholders together to
develop shorter, more effective TB treatment regimens
for the therapy of both drug-susceptible and drugresistant TB, and can be progressed more quickly using
newer clinical trial designs guided by more specific
biomarkers.

REFERENCES
1.

2.
3.

4.

5.

6.
7.

8.
9.

Zumla, A., Raviglione, M., Hafner, R. & von Reyn, C. F. An
important update of current concepts on the clinical,
epidemiological and management aspects of Tuberculosis. N.
Engl. J. Med. 2013, 368, 745–755.
Grange, J. M. in Tuberculosis: A Comprehensive Clinical
Reference (eds Schaaf, S. & Zumla, A. I.) 2009, 44–59.
Dye, C., Scheele, S., Dolin, P., Pathania, V. & Raviglione, M.
C. Consensus statement. Global burden of tuberculosis:
estimated incidence, prevalence, and mortality by country.
WHO Global Surveillance and Monitoring Project. JAMA,
1999, 282, 677–686.
Diel, R. et al. Old ideas to innovate TB control: preventive
treatment to achieve elimination. Eur. Respir. J. 8 Feb 2013
(doi:10.1183/09031936. 00205512).
Raviglione, M. et al. Scaling up interventions to achieve global
tuberculosis control: progress and new developments. Lancet,
2012, 379, 1902–1913.
World Health Organization. Global Tuberculosis Report 2012
(WHO, 2012).
European Centre for Disease Prevention and Control/ WHO
Regional Office for Europe. Tuberculosis Surveillance and
Monitoring in Europe (European Centre for Disease Prevention
and Control, 2012).
Hill, A. N., Becerra, J. & Castro, K. G. Modelling tuberculosis
trends in the USA. Epidemiol. Infect. 2012, 140, 1862–1872.
Lienhardt, C. et al. Efficacy and safety of a 4-drug fixed-dose
combination regimen compared with separate drugs for
treatment of pulmonary tuberculosis: the study C randomized
controlled trial. JAMA, 2011, 305, 1415–1423.

© 2011-14, JDDT. All Rights Reserved

10. Falzon, D. et al. WHO guidelines for the programmatic
management of drug-resistant tuberculosis: 2011 update. Eur.
Respir. J. 2011, 38, 516–528.
11. Lawn, S. D. & Zumla, A. Advances in tuberculosis diagnostics:
the Xpert MTB/RIF assay and future prospects for a
point-of-care test. Lancet Infect. Dis. 2013, 13, 349–361. A
critical review of the Xpert MTB/RIF assay and the advantages
and limitations of its utility in clinical practice.
12. Weyer, K. et al. Rapid molecular TB diagnosis: evidence,
policy-making and global implementation of Xpert®MTB/RIF.
Eur. Respir. J. 22 Nov 2012 (doi:10.1183/09031936.00157212
13. World Health Organization. Treatment of Tuberculosis
Guidelines 4th edn (WHO, 2010). 14.
14. Gandhi, N. R. et al. Extensively drug-resistant tuberculosis as a
cause of death in patients co-infected with tuberculosis and
HIV in a rural area of South Africa. Lancet, 2006, 368, 1575–
1580.
15. Dheda, K. et al. Early treatment outcomes and HIV status of
patients with extensively drug-resistant tuberculosis in South
Africa: a retrospective cohort study. Lancet, 2010, 375, 1798–
1807.
16. Udwadia, Z. F., Amale, R. A., Ajbani, K. K. & Rodrigues, C.
Totally drug-resistant tuberculosis in India. Clin. Infect. Dis.
2012, 54, 579–581.
17. Nuermberger, E. L. et al. Moxifloxacin-containing regimen
greatly reduces time to culture conversion in murine
tuberculosis. Am. J. Respir. Crit. Care Med. 2004, 169, 421–
426.
18. Ma, Z., Lienhardt, C., McIlleron, H., Nunn, A. J. & Wang, X.
Global tuberculosis drug development pipeline: the need and
the reality. Lancet, 2010, 375, 2100–2109.

ISSN: 2250-1177

CODEN (USA): JDDTAO

Pradhan et al

Journal of Drug Delivery & Therapeutics; 2014, 4(5), 69-73

19. Rosenthal, I. M. et al. Daily dosing of rifapentine cures
tuberculosis in three months or less in the murine model. PLoS
Med. 4, e344 (2007).
20. Dey, T. et al. Outcomes of clofazimine for the treatment of
drug-resistant tuberculosis: a systematic review and metaanalysis. J. Antimicrob. Chemother. 2013, 68, 284–293.
21. Verma, R. K. et al. Inhaled microparticles containing
clofazimine are efficacious in treatment of experimental
tuberculosis in mice. Antimicrob. Agents Chemother. 2013, 57,
1050–1052.
22. Ashtekar, D. R. et al. Oxazolidinone, a new class of synthetic
antituberculosis agent: in vitro and in vivo activities of
DuP-721 against Mycobacterium tuberculosis. Diagn.
Microbiol. Infect. Dis. 1991, 14, 465–471.
23. Fortun, J. et al. Linezolid for the treatment of multidrugresistant tuberculosis. J. Antimicrob. Chemother. 2005, 56,
180–185.
24. Lee, M. et al. Linezolid for treatment of chronic extensively
drug-resistant tuberculosis. N. Engl. J. Med. 2012, 367, 1508–
1518.
25. Sotgiu, G. et al. Efficacy, safety and tolerability of linezolid
containing regimens in treating MDR-TB and XDR-TB:
systematic review and meta-analysis. Eur. Respir. J. 2012, 40,
1430–1442.
26. Wallis, R. S. et al. Biomarker-assisted dose selection for safety
and efficacy in early development of PNU-100480 for
tuberculosis. Antimicrob. Agents Chemother. 2010, 55, 567–
574.
27. Wallis, R. S. et al. Pharmacokinetics and whole-blood
bactericidal activity against Mycobacterium tuberculosis of
single doses of PNU-100480 in healthy volunteers. J. Infect.
Dis. 2010, 202, 745–751.
28. Hugonnet, J. E. et al. Meropenem-clavulanate is effective
against extensively drug-resistant Mycobacterium tuberculosis.
Science, 2009, 09, 323, 1215–1218.
29. Kumar, P. et al. Meropenem inhibits D,D-carboxypeptidase
activity in Mycobacterium tuberculosis. Mol. Microbiol. 2012,
86, 367–381.
30. Dauby, N., Muylle, I., Mouchet, F., Sergysels, R. & Payen, M.
C. Meropenem/clavulanate and linezolid treatment for
extensively drug-resistant tuberculosis. Pediatr. Infect. Dis. J.
2011, 30, 812–813.
31. De Lorenzo, S. et al. Efficacy and safety of
meropenem/clavunate added to linezolid containing regimens
in the treatment of M/XDR-TB. Eur. Respir. J. 20 Sept 2012
(doi:10.1183/09031936.00124312).
32. Andries, K. et al. A diarylquinoline drug active on the ATP
synthase of Mycobacterium tuberculosis. Science 2005, 307,
223–227.

© 2011-14, JDDT. All Rights Reserved

73

33. Koul, A. et al. Diarylquinolines are bactericidal for dormant
mycobacteria as a result of disturbed ATP homeostasis. J. Biol.
Chem. 2008. 283, 25273–25280.
34. Rao, S. P., Alonso, S., Rand, L., Dick, T. & Pethe, K. The
protonmotive force is required for maintaining ATP
homeostasis and viability of hypoxic, nonreplicating
Mycobacterium tuberculosis. Proc. Natl Acad. Sci. USA 105,
2008, 11945–11950.
35. Veziris, N. et al. A once-weekly R207910-containing regimen
exceeds activity of the standard daily regimen in murine
tuberculosis. Am. J. Respir. Crit. Care Med. 2009, 179, 75–79.
36. Lounis, N. et al. Prevention of drug carryover effects in studies
assessing antimycobacterial efficacy of TMC207. J. Clin.
Microbiol. 2008, 46, 2212–2215.
37. Migliori, G. B. et al. Drug resistance beyond XDR-TB: results
from a large individual patient data meta-analysis. Eur. Respir.
J. 11 Oct 2012 (doi:10.1183/09031936.00136312
38. Matsumoto, M. et al. OPC-67683, a nitro-dihydroimidazooxazole derivative with promising action against
tuberculosis in vitro and in mice. PLoS Med. 3, e466 (2006).
39. Manjunatha, U. H. et al. Identification of a nitroimidazooxazine-specific protein involved in PA-824 resistance in
Mycobacterium tuberculosis. Proc. Natl Acad. Sci. USA 103,
431–436 (2006).
40. Singh, R. et al. PA-824 kills nonreplicating Mycobacterium
tuberculosis by intracellular NO release. Science, 2008, 322,
1392–1395.
41. Manjunatha, U. H. et al. Mycobacterium leprae is naturally
resistant to PA-824. Antimicrob. Agents Chemother. 2006, 50,
3350–3354.
42. Hurdle, J. G. et al. A microbiological assessment of novel
nitrofuranylamides as anti-tuberculosis agents. J. Antimicrob.
Chemother. 2008, 62, 1037–1045.
43. Ryan NJ, Lo JH.Drugs. 2014 Jun;74(9):1041-5. doi:
10.1007/s40265-014-0241-5
44. Skripconoka, V. et al. Delamanid improves outcomes and
reduces mortality for multidrug-resistant tuberculosis. Eur.
Respir. J. 27 Sept 2012 (doi:10.1183/09031936.00125812
45. Makarov, V. et al. Benzothiazinones kill Mycobacterium
tuberculosis by blocking arabinan synthesis. Science 2009,
324, 801–804.
46. Van Deun, A. et al. Short, highly effective, and inexpensive
standardized treatment of multidrug-resistant tuberculosis. Am.
J. Respir. Crit. Care Med. 2010, 182, 684–692.
47. Skrahina, A. et al. Alarming levels of drug-resistant
tuberculosis in Belarus: results of a survey in Minsk. Eur.
Respir. J. 2012, 39, 1425–1431.
48. Abubakar, I. et al. Drug resistant tuberculosis: time for
visionary political leadership. Lancet Infect. Dis. 24 Mar 2013
(doi:10.1016/S1473-3099(13) 70030-6).

ISSN: 2250-1177

CODEN (USA): JDDTAO

