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Drug-resistant tuberculosis: a vocabulary
Term Meaning

Susceptible Susceptible to all first-line anti-TB drugs: 
(HRZES)

Monoresistant Resistant to any one of the first-line anti-TB 
drugs

Polyresistant Resistant to two or more first-line drugs, but 
not both isoniazid and rifampin

Multidrug resistant (MDR) Resistant to at least INH and rifampin

Extensively drug resistant (XDR) Resistant to at least INH, rifampin, 
fluouroquinolones, and injectables

Pre-XDR Resistant to at least INH, rifampin, and either 
fluouroquinolones or injectables

Highly resistant XDR or treatment intolerant/non-responsive 
MDR TB







The emergence of MDR-TB in New York City

Frieden et al.  New Engl J Med 1993; 328: 521-526



Pablos Mendez et al.  New Engl J Med 1998; 338: 1641-1649



Prevalence and survival of MDR/XDR TB in KwaZulu
Natal

Gandhi et al.  Lancet 2006; 368: 1575-1580

(40.7%)

(9.7%)



MDR-TB in Africa

Ben Amor, Schluger Emerg Inf Dis 2008



WHO Global TB Report 2018

Overall:
2 billion with latent infection
16 million prevalent cases/year
8-12 million incident cases/year
2-3 million deaths/year
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Global migration of MDR-TB strains

Cohen et al.  Thorax 2019



Eighty percent of those with MDR/RR-TB are 
neither detected or treated

WHO Global TB Report 2018

Total cases

Cases detected

Cases treated



Measuring TB drug resistance in the world

WHO Global TB Report 2018



WHO Global Lab Initiative
Model Diagnostic Algorithm

Revised June 2018



Outcomes of patients treated for RR and MDR-
TB 

WHO Global TB Report 2018



Drug-resistant TB continues to be a public health crisis…Urgent 
action is required to improve the coverage and quality of 
diagnosis, treatment and care for people with drug-resistant TB.

WHO Global TB Report 2018



Survival of patients with MDR-TB, Bellevue Hospital, 
1983-1993

Park, Davis, Schluger. Am J Resp Crit Care Med 1996; 153: 317-324
HIV patients only



WHO 2011 recommendations for constructing an 
MDR regimen

• WHO: use at least 5 effective 
drugs, including PZA (D1)
– One from group A
– One from group B
– Two from group C
– If a regimen can’t be composed 

from the above, use drugs from D2 
or D3

• Treat for 18-24 months



The Bangladesh short-course regimen for MDR-TB

Drug doses by weight group

Drug Weeks < 33 kg 33 - 50 kg > 50 kg

Kanamycin*         1 - 16 15 mg per kilogramme body weight 
Isoniazid (H) 1 - 16 300 mg 400 mg 600 mg
Prothionamide 1 - 16 250 mg 500 mg 750 mg 
Clofazimine 1 - 40 50 mg 100 mg 100 mg 
Moxifloxacin 1 - 40 400 mg 600 mg 800 mg 
Ethambutol 1 - 40 800 mg 800 mg 1200 mg 
Pyrazinamide      1 - 40       1000 mg            1500 mg 2000 mg 

• Kanamycin 3 times/week after week 12

The intensive phase may be extended by 4 or 8 weeks if smear conversion has 
not occurred by 16 or 20 weeks



Comparison of WHO recommended 18-24 month 
regimen with a shorter regimen: STREAM



STREAM results: efficacy
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STREAM results: safety



Bedaquiline (TMC207), an ATP synthase inhibitor, 
in the treatment of MDR-TB

Diacon et al.  N Engl J Med 2014; 371: 723-732 



Utility of linezolid in the treatment of MDR and XDR TB: 
New York City experience

Anger et al.  J Antimicrob Chemother 2010; 65:775-783



Adverse effects associated with administration of linezolid 
for tuberculosis

Lee et al. N Engl J Med 2012;367:1508-18.



Delaminid in the treatment of MDR-TB

Gler et al. New Engl J Med 2012; 366: 2151-2160 Groote-Bidlingmaier et al. Lancet Respir Med 2019; 7; 249-259

Treatment success
at month 30:
Delaminid +OBR 76.5%
Placebo + OBR.   77.2%



Drugs associate with success or failure in the 
treatment of MDR-TB
• Individual patient-level meta-analysis 

of 12030 patients reported in clinical 
trials of MDR-TB

• Overall treatment success 61%
• Treatment success positively 

correlated with use of linezolid, 
levofloxacin, carbapenems, 
moxifloxacin, clofazimine or 
bedaquiline

• Reduction in mortality associated with 
use of levofloxacin or moxifloxacin, 
linezolid, or bedaquiline

• Increased mortality associated with 
use of kanamycin or capreomycin

Lancet 2018; 392: 821-834



2019 consolidated WHO guidelines for treatment of MDR and RR 
TB: grouping of medicines to be used in longer regimens

WHO now recommends that kanamycin
and capreomycin NOT be used in the 
treatment of  TB, because of  concern
over adverse effects.



2019 WHO consolidated guidelines for MDR-TB

• Longer regimens
– All three group A agents and at 

least one Group B agent should 
always be included

– Kanamycin and capreomycin 
should not be included

– Treatment duration shoud be 18-
20 months

– Treatment duration should be 15-
17 months after culture conversion

• Shorter regimen
– Suitable for patients who have not 

been previously treated for more 
than 1 month with second-line 
drugs used in the shorter regimen 
or in patients in whom resistance 
to quinolones and second-line 
injectables has been excluded



Outcomes of MDR-TB patients treated with 
bedaquiline-containing regimens in South Africa

Olayanju et al.  Eur Respir J 2018; 51: 1800544



Bedaquiline companion drugs

Olayanju et al.  Eur Respir J 2018; 51: 1800544



Pretomanid (Pa-824) in the treatment of XDR and 
hrMDR-TB:  Nix-TB

– Open-label trial for patients with 
highly-resistant TB: XDR-TB or 
treatment intolerant or non-
responsive MDR-TB

– Patients enrolled at 3 sites in South 
Africa

– Daily regimen for 6 months:
• Bedaquiline
• Pretomanid (PA-824, nitroimidazole)
• Linezolid (1200mg/day)

• 109 patients enrolled
– 62% XDR, 38% MDR
– 51% HIV infected
– Results available for 101 patients:

• To date, durable cure has been 
achieved in 90% of patients

• Most patients required linezolid dose 
reduction

TB Alliance, presented at The Union meeting, Oct. 2018



NiX-TB: patient characteristics

• Mean age: 36 years
• Mean CD4+ t-cell count of HIV 

infected patients: 394
• Patients with cavities: 85%
• BMI: 

– Mean: 21
– Median: 20



Nix-TB: efficacy



NiX-TB: safety



NiX-TB: safety



Clinical trials with newer agents

• STREAM-2: 
• randomized trial of modified Bangladesh regimen vs. fully oral modified 

Bangladesh regimen (bedaquiline substituted for kanamycin)

• ZeNix-TB:
• 4-arm trial of the Nix-TB regimen (BPaL), with varying dose and duration of 

linezolid
• Linezolid 600 mg X 9 weeks
• Linezolid 600 mg X 26 weeks
• Linezolid 1200 mg X 9 weeks
• Linezolid 1200 mg X 26 weeks



Multidrug-resistant TB 2019
• An ongoing global public health crisis
• Newer diagnostics should allow faster and more widespread diagnosis and use of more 

effective drug regimens early in the treatment course
• Treatment approaches are rapidly evolving as new drugs have been introduced
• Overall favorable outcome rates with WHO recommended longer regimens can reach 

80% in best circumstances
• Shorter regimen (‘Bangladesh’) achieves good cure rates in less time for eligible patients, 

but with similar adverse effects as longer regimens
• Regimens containing bedaquiline and linezolid seem to be associated with high rates of 

favorable outcomes
• Optimal make-up of regimens both in drugs and duration to provide best outcomes 

(most efficacy, least toxicity) has not been defined
• NiX-TB regimen (BPaL) achieves very high cure in 6 months; requires careful 

management of side effects



Thank You for Joining
Visit us at https://icap.columbia.edu/news-events/ for archived 

Grand Rounds webinars
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