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Global and national magnitude of DR-TB 
problem
• Globally, estimated 450 000 incident cases MDR/RR-TB in 2021

• New TB cases with MDR/RR-TB  3.6%  &  previously treated cases was 18%

• The countries with the largest share of incident cases of MDR/RR-TB in 2021 were 
India (26% of global cases), the Russian Federation (8.5% of global cases) and 
Pakistan (7.9% of global cases)

• The estimated proportion of MDR/RR-TB cases with pre-XDR (i.e. resistance to any 
fluoroquinolone for which testing was done) was 20%

WHO Global TB report 



Global and national magnitude of DR-TB 
problem
• Estimated number of MDR/RR-TB cases in India is 124 000 (9.1/lakh population)

NDRS (INDIA) All New Previously treated TB 

Resistant to any drugs 28% 22% 36.82%

MDR-TB 6.19% 2.84% 11.62%

Isoniazid (H) resistance 16% 11.6% 25%

PMDT 2021
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Definitions 
5 categories of drug-resistant TB

1. Isoniazid (INH)-resistant TB

2. RR TB- whose biological specimen is resistant to R, detected using phenotypic or 
genotypic methods, with or without resistance to other anti-TB drugs. It includes 
any resistance to R, in the form of mono-resistance, poly-resistance, MDR or XDR

3. MDR-TB -RR and INH resistant

4. Pre-XDRTB (Pre-extensively drug-resistant TB) -resistant to rifampicin (MDR/RR-TB) 
and any fluoroquinolone

5. XDR-TB -TB that is resistant to rifampicin (MDR/RR-TB), plus any fluoroquinolone, 
plus at least one of the group A  drugs, bedaquiline and linezolid or both 

• Roelens M, et al. Am J Respir Crit Care Med Vol 204, Iss 6, pp 713–722, Sep 15, 2021
• WHO consolidated guidelines on tuberculosis. Module 4: treatment - drug-resistant tuberculosis 

treatment, 2022 update. Geneva: World Health Organization; 2022
• Meeting report of the WHO expert consultation on the definition of extensively drug-resistant 

tuberculosis, 27-29 October 2020. Geneva: World Health Organization; 2021



Detection of drug resistance/susceptibility

• Genotypic tests-Rapid molecular diagnostic method for Drug 
Resistance Testing (DRT)- These are genotypic tests that detect 
specific genetic mutations that are associated with drug resistance

• Phenotypic tests -Growth based Drug Susceptibility Testing (DST) 
,wherein bacilli are grown and subsequently tested for drug 
susceptibility using various drug containing and drug-free media



Rapid molecular drug resistance testing 
(genotypic tests)
• Xpert MTB/RIF is a cartridge-based NAAT (CB-NAAT)

• The Xpert MTB/XDR

• Truenat MTB and Truenat MTB-Rif Dx 

• Line probe assays (LPA)

• Genetic sequencing 



Cartridge-based NAAT (CB-NAAT)
GeneXpert MTB/RIF Xpert ULTRA 

MTB Detection and RIF determination Semi-Quantitative hemi-nested PCR 
Cycle threshold probe comparison

Semi-Quantitative nested PCR 
High Resolution Melt technology

Targets Detection of a single copy target: 
rpoB gene (5 probes)

Detection of a single copy target: 
rpoB gene (4 probes), Detection of 2 
different multi-copy targets: IS6110 & 
IS1081 (2 probes)

Turn around Time (TAT) 110 min < 80 min

RIF resistance detection false-positive results for strains that 
carry phenotypically silent mutations 
(synonymous mutations), or for 
paucibacillary specimen

low specificity 

Limit Of Detection 131 cfu/ml 11.8 cfu/ml 

Semi-Quantification High, Medium, Low, and Very Low High, Medium, Low, Very Low, and 
Trace



Aim- To determine how accurate Xpert Ultra is compared with Xpert MTB/RIF for 
diagnosing pulmonary tuberculosis and rifampicin resistance in adults

Method- compared the diagnostic accuracy of Xpert Ultra and Xpert MTB/RIF with 
results primarily measured against culture (detection of pulmonary tuberculosis) 
and DST and LPA (detection of rifampicin resistance)

Studies- 9 studies (n=3500) compared Xpert Ultra to Xpert MTB/RIF for diagnosing 
pulmonary tuberculosis, and 5 studies (n=930) compared Xpert Ultra to Xpert 
MTB/RIF for rifampicin resistance. 

Cochrane Database of Systematic Reviews 2021, Issue 2. Art. No.: CD009593.



Pulmonary tuberculosis 
detection

Xpert Ultra Xpert MTB/RIF 

Pooled sensitivity Pooled specificity Pooled sensitivity Pooled specificity

PTB detection against culture 90.9% (86.2 to 94.7 95.6% (93.0 to 97.4) 84.7% (78.6 to 89.9 98.4% (97.0 to 99.3

Smear-negative, culture-positive 
participants

77.5% (67.6 to 85.6) 95.8% (92.9 to 97.7) 60.6% (48.4 to 71.7) 98.8% (97.7 to 99.5)

People living with HIV 87.6% (75.4 to 94.1) 92.8% (82.3 to 97.0) 74.9% (58.7 to 86.2) 99.7% (98.6 to 
100.0)

Participants with a history of TB 84.2% (72.5 to 91.7) 88.2% (70.5 to 96.6) 81.8% (68.7 to 90.0) 97.4% (91.7 to 99.5)

Cochrane Database of Systematic Reviews 2021, Issue 2. Art. No.: CD009593.



Rifampicin resistance detection Xpert Ultra Xpert MTB/RIF 

Pooled sensitivity Pooled specificity Pooled sensitivity Pooled specificity

Rifampicin resistance detection 94.9% (88.9 to 97.9) 99.1% (97.7 to 99.8) 95.3% (90.0 to 98.1) 98.8% (97.2 to 99.6)

smear-positive specimens 93.9% (84.4 to 
97.7)

99.3% (97.8 to 99.9) 95.5% (88.4 to 98.6) 99.1% (97.3 to 99.9) 

smear-negative specimens 92.0% (75.0 to 95.8) 99.4% (96.2 to 100) 95.4% (82.3 to 99.3) 99.2% (94.8 to 100

Pooled proportion of indeterminate rifampicin resistance results for XpertUltra was 7.6% (2.4 to 21.0) &  Xpert MTB/RIF 
was low, at 0.8% (0.2 to 2.4).

Cochrane Database of Systematic Reviews 2021, Issue 2. Art. No.: CD009593.



Cochrane Database of Systematic Reviews 2021, Issue 2. Art. No.: CD009593.



Cochrane Database of Systematic Reviews 2021, Issue 2. Art. No.: CD009593.



Cochrane Database of Systematic Reviews 2021, Issue 2. Art. No.: CD009593.



Xpert MTB/XDR 

• Xpert MTB/XDR detects mutations associated with resistance towards isoniazid , 
fluoroquinolones , second-line injectable drug (SLI) (amikacin, kanamycin, 
capreomycin) and ethionamide in a single test

• The test uses a semi quantitative nested PCR followed by high resolution melt 
technology

• Results are available in less than 90 minutes 

• It can potentially improve access to rapid drug susceptibility testing, especially for 
ruling out fluoroquinolone resistance, which is required before starting the 
shorter oral Bedaquiline-containing MDR/RR-TB regimen

Cao Y, et al . J Clin Microbiol. 2021 Feb 18;59(3):e02314-20



• Aim – accuracy  of  Xpert MTB/XDR for detecting pulmonary tuberculosis and 
resistance to tuberculosis drugs (i.e. isoniazid, fluoroquinolones, ethionamide, and 
amikacin) in adults 

• Method- Xpert MTB/XDR accuracy was assessed against three reference standards

• 2 multicentre studies reporting on 6 separate cohorts (groups of study participants), 
1228 participants for pulmonary tuberculosis detection and 1141 participants for 
drug resistance detection

Cochrane Database of Systematic Reviews 2022, Issue 5. Art. No.: CD014841



Xpert MTB/XDR sensitivity specificity Against Numb
er 

Pulmonary tuberculosis detection 98.3% (96.1 to 99.5) to 
98.9% (96.2 to 99.9) 

22.5% (14.3 to 32.6) to 
100.0% (86.3 to 100.0

solid or 
liquid 
culture

1228

People irrespective of rifampicin resistance

Isoniazid resistance 94.2% (87.5 to 97.4) 98.5% (92.6 to 99.7) pDST 1083 

Fluoroquinolone resistance 93.2% (88.1 to 96.2) 98.0% (90.8 to 99.6) pDST 1021

People with known rifampicin resistance 

Ethionamide resistance 98.0% (74.2 to 99.9) 99.7% (83.5 to 100.0) gDST 434

Amikacin resistance 86.1% (75.0 to 92.7) 98.9% (93.0 to 99.8) pDST 490

Fluoroquinolone resistance irrespective of 
rifampicin resistance

93.2% (88.1 to 96.2) 98.0% (90.8 to 99.6) pDST 1021

- Xpert MTB/

Cochrane Database of Systematic Reviews 2022, Issue 5. Art. No.: CD014841



Truenat real-time quantitative micro PCR 
system by Molbio
Molbio Diagnostics (Bangalore, India) developed three assays that utilise chip-
based real-time micro PCR: 

• Two for detection of M. tuberculosis (the Truenat MTB assay (including the nrdB
single copy target) and the MTB Plus assay (including nrdZ and multicopy IS6110 
targets) and

• One for the detection of RIF resistance (the MTB-RIF Dx reflex assay targeting the 
rpoB gene) . 

• A point-of-care, cost-effective assay with higher performance and/or a robust, 
battery-operated assay with minimal operational requirements 

• Could provide a viable alternative to Xpert and drive greater access for TB testing

• Both the devices are portable, battery operated, and can function at up to 40°C 
ambient temperature and up to 80% relative humidity



Eur Respir J 2021; 58: 2100526



A prospective multicentre diagnostic accuracy 
study for the Truenat tuberculosis assays

Eur Respir J 2021; 58: 2100526



Eur Respir J 2021; 58: 2100526



LPA

• LPA uses PCR and reverse hybridization methods for detection of mutation 
associated with drug resistance

• Frist line  LPA detects mutations in the rpoB gene for R resistance; in the KatG
gene and the InhA promoter region for H [and ethionamide (Eto)] resistance

• second line LPA detects mutations in genes gyrA & gyr B for FQ resistance and rrs
and eis (low level kanamycin resistance) for SLID resistance



LPA

• Results of LPA are interpreted based on development/ absence of Wild Type (WT) 
and Mutant (MUT) bands. 

• Resistance not detected -When all WT probes in the regions of the gene known 
to confer resistance to the drug are developed and none of the MUT probes in 
the corresponding region are developed 

• Resistance inferred- whenever one or more WT probes in regions of the gene 
known to confer resistance to the drug are not developed and none of the MUT 
probes in the corresponding region are developed

• Resistance detected-is used whenever one or more MUT probes identifying 
specific mutations conferring resistance to the drugs are developed; regardless of 
whether WT probes are developed or not
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Growth-based drug susceptibility testing 
(DST) (phenotypic tests)
• Liquid culture -BACTEC MGIT 960 

• Automated Liquid Culture System
• Higher rate of MTB isolation 
• Requires a shorter turnaround time
• MGIT is the preferred method for DST
• Used to monitor response to treatment 
• Long-term follow-up of patients on DR TB treatment

• Solid culture (Lowenstein–Jensen) 
• Longer turnaround time
• Due to the higher rate of contamination in liquid culture, an LJ slope is 

inoculated as a backup for every MGIT culture



Genetic sequencing 

• Resistance in MTB is mainly conferred through point mutations in specific gene 
targets

• Targeted sequencing can be achieved through Pyrosequencing, Sanger 
sequencing as well as Next-generation sequencing (NGS)

• NGS technology have enabled the routine use of NGS for both targeted NGS and 
WGS of Mycobacterium tuberculosis complex (MTBC) samples

• WGS can provide the near complete genome of Mycobacterium tuberculosis 
(MTB) 

• Targeted NGS can generate MTB sequence data at specific genetic loci of interest

• NGS offers great promise for rapid diagnosis of DR-TB

PMDT 2021



C. Lam et al. International Journal of Infectious Diseases 113S (2021) S48–S54



C. Lam et al. International Journal of Infectious Diseases 113S (2021) S48–S54



Dookie N , et al . Front. Microbiol.2022 , 13:775030



Treatment of MDR TB 



WHO consolidated guideline on tuberculosis Module 4: Treatment –
Drug resistant TB treatment June 2020
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STUDY Intervention Outcomes Results 

• Nix-TB Trial 
• Open-label, single-group 

study
• 3  South African sites
• XDR and with MDR 

tuberculosis patients 
that not responsive to 
treatment or for which a 
second-line regimen had 
been discontinued 
because of side effects

• N=109 

Orally administered 
treatment as- bedaquiline
at a dose of 400 mg once 
daily for 2 weeks followed 
by 200 mg three times a 
week for 24 weeks, plus 
pretomanid at a dose of 
200 mg daily for 26 weeks 
and linezolid at a dose of 
1200 mg daily for up to 26 
weeks (with dose 
adjustment depending on 
the toxic effects)

• The primary end point 
was the incidence of an 
unfavorable outcome, 
defined as treatment 
failure (bacteriologic or 
clinical) or disease 
relapse until 6 months 
after the end of 
treatment

• Secondary end points 
included the time to an 
unfavorable outcome 
and the time to sputum 
culture conversion 
through the treatment 
period

• 11 patients (10%) had an 
unfavorable outcome 
and 98 patients (90%; 
95% CI, 83 to 95) had a 
favorable outcome 

• 11 unfavorable ( 7 
deaths , 1 withdrawal of 
consent , 2 relapse , 1 
lost to follow up). 

• The expected linezolid 
toxic effects of 
peripheral neuropathy 
(81% of patients) and 
myelosuppression
(48%).

N Engl J Med 2020;382:893-902



STUDY Intervention Outcomes Results 

• ZeNix
• Partially blind, 

randomized trial 
• Pulmonary (XDR), pre-

XDR, or rifampin-
resistant TB that was 
not responsive to 
treatment or for which 
a second-line regimen 
had been discontinued 
because of side effects

• 4 trial sites in South 
Africa, 1 in of Georgia,1 
in Moldova, and 5 in 
Russia

• N= 181

participants were randomly 
assigned, in a 1:1:1:1 ratio, to 
one of the four linezolid 
regimens (either 1200 mg or 
600 mg daily for either 26 
weeks or 9 weeks)

+
all participants received 26 
weeks of bedaquiline (200 
mg daily for 8 weeks, 
followed by 100 mg daily for 
18 weeks) and pretomanid
(200 mg daily for 26 weeks). 

• The primary end point -
the incidence of an 
unfavorable outcome, 
defined as treatment 
failure or disease relapse 
(clinical or bacteriologic) 
at 26 weeks after 
completion of treatment

• Secondary end points-
included bacteriologic or 
clinical treatment failure 
and relapse at 78 weeks 
after the end of 
treatment and time to 
sputum culture 
conversion

• Among with linezolid at a 
dose of 1200 mg for 26 
weeks or 9 weeks or 600 mg 
for 26 weeks or 9 weeks, 
93%, 89%, 91%, and 84%, 
respectively, had a 
favorable outcome

• Peripheral neuropathy 
occurred in 38%, 24%, 24%, 
and 13%, respectively;

• Myelosuppression 
occurred in 22%, 15%, 2%, 
and 7%, respectively; 
linezolid dose was modified 
(in 51%, 30%, 13%, and 
13%, respectively

N Engl J Med 2022;387:810-23.



ZeNix Trial

A 600-mg, 26-week 
regimen of linezolid 
appeared to have the 
most favorable risk–
benefit profile among 
the regimens studied

N Engl J Med 2022;387:810-23.



TB-PRACTECAL study

STUDY Intervention Regimens 

• Open-label, phase 2–3, 
multicenter, randomized, 
controlled noninferiority trial 

• Aim- to compare the safety 
and efficacy of three 
investigational 24-week 
regimens with those of the 
accepted 9-to-20-month 
standard-care treatment for 
rifampin-resistant pulmonary 
tuberculosis

• In stage 1 of the trial, enrolled 
patients were randomly assigned 
to the locally accepted standard-
care treatment or to one of three 
investigational regimens

• In stage 2 of the trial patients 
were enrolled either into the 
standard-care group or into one of 
two investigational groups.

• N=522

• The BPaL -bedaquiline at a dose of 400 mg 
daily for 2 weeks, followed by 200 mg 
three times per week for 22 weeks; 
pretomanid at a dose of 200 mg daily for 
24 weeks; and linezolid at a dose of 600 
mg daily for 16 weeks, followed by 300 mg 
daily for 8 weeks.

• The BPaLM regimen included BPaL plus 
moxifloxacin at a dose of 400 mg daily for 
24 weeks, 

• BPaLC regimen included BPaL plus 
clofazimine at a dose of 100 mg daily (or 
50 mg if the patient weighed <30 kg)

N Engl J Med 2022;387:2331-43.



TB-PRACTECAL study

• In stage 1 of the trial, the percentages of patients with culture conversion in 
liquid medium at 8 weeks after randomization were 77%, 67%, and 46% in the 
BPaLM, BPaLC, and BPaL groups, respectively ; 8%, 6%, and 10% of the patients, 
respectively, discontinued treatment or died. 

• The BPaLM regimen was selected for analysis in stage 2 of the trial.



TB-PRACTECAL study

BPAL plus moxifloxacin (BPaLM) resulted in superior cure rates compared to the longer WHO standard of care regimen 
(89% vs 52%) with less toxicity (20% vs 59%)
MITT population, 78 of 99 patients in the standard-care group (79%) and 85 of 96 patients in the BPaLM group (88%) 
had culture conversion at 12 weeks N Engl J Med 2022;387:2331-43.



The percentages of patients with favorable outcomes in the BPaLC group (81%) and the BPaL group (77%) were 
higher than the percentage in the standard-care group

N Engl J Med 2022;387:2331-43.



• Fully oral short-course regimen of BDQ and DLM with other drugs gives a favorable outcome of 91% 
in patients with MDR-TBFQ+/SLI+ and 69% in those with both FQ and SLI resistance.

• The median time to culture conversion was 8 weeks
Clin Infect Dis. 2022 Jun 29;76(3):e938–46



Am J Respir Crit Care Med Vol 205, Iss 10, pp 1214–1227, May 15, 2022

STUDY INTERVENTION OUTCOMES RESULTS 

• Multicenter RCT 
• Adults MDR/RR-TB
• 93 of 111 randomized 

participants (44 in the 
comparator arm and 49 
in the interventional 
arm)

• Randomised (1:1 ratio) 
to a 6- month all-oral 
regimen that included 
levofloxacin, 
bedaquiline,  linezolid 
and two other group B/C 
drugs, 

vs
• the standard-of-care 

(SOC) >9-month World 
Health Organization 
(WHO)-approved 
injectable-based 
regimen

• The primary endpoint 
was a favorable WHO-
defined treatment 
outcome 24 months 
after treatment initiation

• The trial was stopped 
prematurely when 
bedaquiline-based 
therapy became the 
standard of care in South 
Africa.

• Participants in the 
intervention arm were 
2.2 times more likely to 
experience a favorable 
24-month outcome than 
participants in the SOC 
arm (51% vs22.7%; risk 
ratio, 2.2 [1.2–4.1]; 
P=0.006)

• Toxicity-related drug 
substitution occurred 
more frequently in the 
SOC arm (65.9%  vs. 
34.7% ; P=0.001)]





Am J Respir Crit Care Med Vol 205, Iss 10, pp 1214–1227, May 15, 2022



• STREAM stage 1- noninferiority design, the efficacy and safety of a 9-month 
regimen based on the one studied in Bangladesh (regimen B) with the WHO-
recommended standard of care (regimen A)

• STREAM stage 2-primary objectives of programmatic relevance are to assess 
whether the proportion of patients with a favorable efficacy outcome on regimen C 
and regimen D is noninferior to that on regimen B at 76 weeks

Eur Respir Rev 2016; 25: 29–35



STUDY Intervention Outcomes 

• Randomized, phase 3, 
noninferiority trial

• Aim- to compare  short 
regimen (9 to 11 
months) with a long 
regimen (20 months)

• 10 %points or less was 
used to determine 
noninferiority.

• N= 424

2:1 ratio randomisation 
short regimen - moxifloxacin 
(high dose), clofazimine, 
ethambutol, and 
pyrazinamide administered 
over a 40-week period, 
supplemented by kanamycin, 
isoniazid, and prothionamide
in the first 16 weeks

vs 
long regimen (20 months) 
that followed the 2011 WHO 
guidelines

Primary Outcomes-
• Primary efficacy outcome-

favorable status at 132 
weeks-defined by cultures 
that were negative for M. 
tuberculosis at 132 weeks 
after randomization and at 
a previous occasion during 
the trial period, with no 
intervening positive 
culture or previous 
unfavorable outcome

• Primary safety outcome-
occurrence of a (severe) 
adverse event of grade 3 
or higher

• Secondary efficacy outcomes 
- times to smear and culture 
conversions; acquired 
resistance to 
fluoroquinolones, 
aminoglycosides, and 
pyrazinamide.

• Secondary safety outcomes -
death during the treatment 
and follow-up periods, an 
analysis of severe adverse, an 
analysis of QT interval 
prolongation, and changes in  
LFT  results.

N Engl J Med 2019;380:1201-13



All drugs were given in a single dosage daily (seven days a week) except for kanamycin which was given three times per 
week from week 12. Doses could be changed at the end of the intensive phase if participants had increased weight.

N Engl J Med 2019;380:1201-13



N Engl J Med 2019;380:1201-13



STUDY Intervention Outcomes 

• Multicentric 
randomised, phase 3, 
non-inferiority trial

• Aim- to compare two 
bedaquiline-
containing regimens 
with the 9-month 
STREAM stage 1 
regimen

• N= 588
• non-inferiority -the 

upper boundary of the 
95% CI should be < 
10% in both mITT and 
PP

Participants were randomly 
assigned 1:2:2:2 to
1) the 2011 WHO regimen 

(terminated early)
2) 9-month control regimen
3) 9-month oral with 

bedaquiline (primary 
comparison) regimen

4) 6-month regimen with 
bedaquiline and 8 weeks of 
second-line injectable

Primary efficacy outcome-
favourable status at 76 
weeks, defined as a 
negative culture for M 
tuberculosis at week 76 
and on the preceding visit, 
with no intervening 
positive culture or previous 
unfavourable outcome.

• Secondary efficacy outcomes -
times to unfavourable outcome, 
probable or definite failure or 
recurrence ,and smear and 
culture conversion; and 
frequency of acquired 
resistance to fluoroquinolones, 
aminoglycosides, bedaquiline, 
clofazimine, or pyrazinamide.

• Secondary safety outcomes-
death from any cause; severe 
adverse events, modification of 
treatment due to an adverse 
event. QTcF interval 
prolongation, and changes in 
liver function and hearing loss.

Lancet 2022; 400: 1858–68



Oral regimen 
9 months 

IP -16 weeks

Six-month regimen
IP -8 weeks 



Lancet 2022; 400: 1858–68



Lancet 2022; 400: 1858–68



Delamanid

• Bicyclic nitroimidazooxazole derivative and is a prodrug 

• It acts  through inhibition of mycolic acid synthesis providing it bactericidal activity , by inhibiting methoxy-
mycolic acid and keto-mycolic acid

• Activite against dormant, non-replicating bacilli, as well as those harboured within macrophages

• Resistance to delamanid is rare so far, but when encountered is frequently due to mutations in the 
nitroreductase that activates it

• Usual dose of 100 mg twice daily

• Bioavailability is increased with fatty food consumption

• The t half  is approximately 30 h 

• Most excretion is through the feces, with minimal urinary excretion

• Main reported adverse events including mild gastrointestinal symptoms or QTc prolongation

Shetye GS et al.Transl Res. 2020;220:68–97
Nguyen TVA et al. Clin Infect Dis. 2020;71(12):3252–9.



Pretomanid

• Pretomanid is a pro-drug nitroimidazooxazine molecule

• Active against replicating and dormant mycobacteria through inhibition of 
mycolic acid biosynthesis and nitric oxide release, respectively

• Dose -200 mg OD with food

• Five genes are associated with the emergence of resistance (ddn, fgd1, fbiA, fbiB, 
and fbiC)

• Crossresistance with delamanid has been observed

• Most common adverse events are gastrointestinal symptoms and vomiting and 
suggested to be dose related 

• Symptoms are not dose related: transaminase increase, hepatotoxicity, and 
headache. 

Nedelman JR, et al. Antimicrob Agents Chemother. 2020;65(1):e01121–20
Haver HL,et al. Antimicrob Agents Chemother. 2015;59(9):5316–23



Bedaquiline
• Class of diarylquinolines inhibiting mycobacterial ATP synthesis

by inhibiting F-ATP synthase activity
• Against both replicating and non-replicating bacilli
• Terminal half-life of bedaquiline is extremely long (>5 months)
• Dosing regimen -a loading-phase (2 weeks of 400 mg once daily) and a maintenance 

phase (200 mg 3 times per week)
• Bedaquiline is metabolized by the cytochrome P450 CPY3A4 enzyme
• Main AEs reported include nausea/vomiting, headache, and arthralgia
• The mean change in QTc has been reported to be between 12 and 15 ms, driven 

primarily by the exposure to the M2 metabolite  
• QT prolongation is generally in combination with other medications that may further 

prolong the QTc, such as clofazimine and fuoroquinolones

van Heeswijk RPG et al. J Antimicrob Chemother. 2014;69(9): 2310–8
B. D. Edwards, S. K. Field ,Drugs (2022) 82:1695–1715 



Drugs 6 months cost (USD) Rupees 

Pretomanid 364 30000

Bedaquilline 400 33000

Delamanid 1700 140000

BPaL 1040 86000



QT EFFECTS OF BEDAQUILINE, DELAMANID OR 
BOTH IN PATIENTS WITH RIFAMPICIN-RESISTANT-
TB: RCT 
STUDY INTERVENTION OUTCOMES RESULTS 

• DELIBERATE trial
• Phase 2, open-label 

trial in which adults 
with MDR/RR-TB

• 84 participants

1:1:1 randomization, using 
permuted blocks to receive 
bedaquiline, delamanid, or 
both for 24 weeks.

The primary endpoint 
was mean QTcF change 
from baseline (averaged 
over weeks 8– 24). 

• Patients randomized to 
bedaquiline (n=28), delamanid
(n=27) or both medicines 
(n=27) - the on-treatment 
change in QTcF from baseline 
was 11.9 ms, 8.6 ms and 
20.7 ms, respectively

• Cumulative culture conversion 
by Week 8 was 88% (21/24, 
bedaquiline), 83% (20/24 
delamanid), and 95% (19/20, 
bedaquiline+delamanid) and 
was 92%, 91%, and 95%, 
respectively at 24 weeks

Dooley KE et al. Lancet Infect Dis. 2021 Jul;21(7):975-983



Franke, Khan, Hewison, et al.Am J Respir Crit Care Med Vol 203, Iss 1, pp 111–119, Jan 1, 2021

• The endTB
Observational Study

• Multicountry cohort of 
patients receiving 
bedaquiline or 
delamanid as part of a 
regimen for RR-TB or 
MDR-TB

• 1,106 patients



Lancet Respir Med 2020; 8: 383–94

Study Method Primary outcomes Secondary outcomes 

• Aim- to estimate the 
absolute and relative 
frequency of adverse 
events associated with 
different tuberculosis 
drugs

• 35 studies
• N= 9178 patients

• Systematic review of the 
available literature on 
MDR TB treatment and 
outcomes published in 
English, French, Chinese, 
Portuguese, or Spanish 
between Jan 1, 2009, 
and Aug 31, 2015

• Absolute and relative 
frequency of adverse 
events leading to 
permanent 
discontinuation of each 
anti-tuberculosis drug

• The association between 
patient characteristics 
and the occurrence of at 
least one adverse event 
leading to permanent 
drug discontinuation

• The most common types 
of adverse event for 
each anti-tuberculosis 
drug



Drug-associated adverse events in the treatment 
of multidrug-resistant tuberculosis: an individual 
patient data meta-analysis

Lancet Respir Med 2020; 8: 383–94



Lancet Respir Med 2020; 8: 383–94



STUDY Regimens Duration N Favorable outcomes ADVERSE EFFECTS 

Nix BPaL 26 wks 105 90 % favorable neuropathy 81% , 
myelosuppression 45 %

ZeNix BPaL
( L 1200 & 600 mg for 
26 /9 wks ) 

26 wks 181 Linezolid 1200 mg 26/9 
wks- 93 /84 %
&  600 mg 26/9 wks- 91
/84 % 

Neuropathy – 1200mg 26 /9 
wks- 38 /24 %
600mg – 26/9 wks- 24/13 %
Myelosupression 1200 mg 26/9 
wk- 22/15 % % 600mg 26/9 wk-
2/7 %

TB PRACTICAL WHO standard 
BPaL
BPaLM
BPaLC

24 wks 522 WHO- 52 %
BPaL- 77 %
BPaLM- 89 %
BPaLC- 81 %

BPaLM vs WHO regimen toxicity 
-20 VS 59 %



Study Regimens Duration N Favorable 
outcomes 

Adverse effects 

Next all-oral levofloxacin, bedaquiline, and linezolid with   
two other group B/C drugs

vs  
(WHO)-approved injectable-based regimen

6 
months 

111 51 vs 22.7 % More frequently in 
the SOC arm 65.9% 
vs. 34.7%

STREAM 1 KM + INH + PTO + MFX + CFZ + EMB + PZA for 16 wks
MFX + CFZ + EMB + PZA 40wks  

vs 
long regimen locally used WHO-approved MDR-TB 
regimen (20 months)

9-11 
months 

424 78.8% of those in 
the short-regimen 
group

vs 
79.8% of 
participants in the 
long-regimen group

Adverse event of 
grade >3 occurred 
in 48.2% in the 
short-regimen 

vs
45.4% of 

participants in the 
long-regimen group 
and in

STREAM 2 Control -KM + INH + PTO + MFX + CFZ + EMB + PZA
vs 

INH + PTO + BDQ + LFX + CFZ + EMB + PZA  (ORAL 9 
Months )                     &

KM + INH + BDQ + LFX + CFZ + PZA ( 6 Months)

9 & 6  
months 

588 71 % control  vs 83 
% oral 

&
69 % control vs 93 
% 6 months 

Hearing loss in 
control regimen 9% 
vs  2% oral vs 4 % in 
6 month regimes 



Treatment algorithm for MDR/RR-TB

PMDT 2021



Shorter oral Bedaquiline-containing MDR/RR-
TB regimen 

Inclusion criteria

• Rifampicin resistance detected/inferred 

• MDR/RR-TB with H resistance detected/inferred based 
on InhA mutation only or based on KatG mutation only 
(not both) 

• MDR/RR-TB with FQ resistance not detected 

• Children, aged 5 years to less than 18 years of age and 
weighing at least 15 kg, given their special needs, in 
consultation with the pediatrician 

• No history of exposure to previous treatment with 
second-line medicines in the regimen (Bdq, Lfx, Eto or 
Cfz) for more than 1 month (unless susceptibility to 
these medicines is confirmed) 

Exclusion criteria 
• MDR/RR-TB patients with H resistance detected with 

both KatG and InhA mutation

• MDR/RR-TB patients with FQ resistance detected

• If result for FL-LPA, SL-LPA and DST to Z, BDQ* & Cfz* 
is not available, history of exposure for > 1 month to 
Bdq, Lfx, Eto or Cfz

• Intolerance to any drug or risk of toxicity from a drug 
in shorter oral Bedaquiline containing MDR/RR-TB 
regimen

• Extensive TB disease 

• Severe EP-TB disease

• Pregnant and lactating women 

• Children below 5 years PMDT 2021



MDR/RR-TB patients on longer oral M/XDR-TB 
regimen
• All 3 Group A agents and at least 1 Group B agent should be included 

to ensure that treatment starts with at least 4 TB agents likely to be 
effective and that at least 3 agents are included for rest of the 
treatment if Bdq is stopped

• If the regimen cannot be composed with agents from Groups A and B 
alone, Group C agents are added to complete it

PMDT 2021



BPaL regimen for MDR-TB with additional FQ 
resistance
• BPaL research proposal may be considered with flexibility to adapt with 

anticipated results of ZeNix trial with 4 arms of reduce dosage and duration 
of Linezolid in BPaL

• In exceptional cases, BPaL can be considered as a last resort by NTEP under 
prevailing ethical standards in individual patients for whom the design of 
an effective regimen is not possible as per WHO recommendations
• Bedaquiline - 400 mg OD for the first 2 weeks  and then 200 mg three times a week 

for 24 weeks
• Pretomanid - 200 mg OD for 26 weeks
• Linezolid - 1200 mg once daily for 24 weeks (after 1 month, dose and duration 

modification for linezolid is permissible), with an option to extend treatment to 39 
weeks if they were culture-positive at week 16

PMDT 2021



PREVENTIVE TREATMENT FOR 
CONTACTS OF DR-TB



Objectives Study Outcomes Results 

• Aim- to analyze TB 
incidence, treatment 
completion and 
discontinuation, and cost-
effectiveness

• Persons having contact to 
infectious MDR-TB, who 
had documented LTBI test 
reactivity or presumed 
(for children )

21 articles that met inclusion 
criteria.
6 articles presented 
outcomes for contacts who 
were treated compared with 
those not treated for MDR-
LTBI
10 presented outcomes only 
for treated contacts
5 presented outcomes only 
for untreated contacts

• Outcome of MDR-TB 
incidence was verified 
by culture and drug 
susceptibility testing, 
except for some 
children, who often are 
culture negative

• Contacts with LTBI 
effectively treated if 
they were on ≥1 
medication to which 
their MDR-TB strain 
was likely susceptible

• The estimated MDR-TB 
incidence reduction was 
90% (9%–99%) using data 
from 5 comparison studies

• High treatment 
discontinuation rates due to 
adverse effects in persons 
taking pyrazinamide-
containing regimens.

• Cost-effectiveness was 
greatest using a 
fluoroquinolone/ethambutol 
combination regimen

Marks et al. Clin Infect Dis. 2017 June 15; 64(12): 1670–1677



Marks et al. Clin Infect Dis. 2017 June 15; 64(12): 1670–1677



Kherabi, Y.; Tunesi, S.; Kay, A.; Guglielmetti, L. Preventive Therapy for Contacts 
of Drug-Resistant Tuberculosis. Pathogens 2022, 11, 1189



Kherabi, Y.; Tunesi, S.; Kay, A.; Guglielmetti, L. Preventive Therapy for Contacts 
of Drug-Resistant Tuberculosis. Pathogens 2022, 11, 1189



TPT for DR-TB contacts in India

• Preventive treatment among HHC of MDR-TB index patients (in whom FQ resistance has been ruled out) -6Lfx 
• HHC of H resistant index patients (in whom R resistance has been ruled out)-4R
• Regardless of whether treatment is given or not, clinical follow up should be done for two years and any 

emergent sing and symptoms of TB
PMDT INDIA  2021



Treatment success rate of M/XDR-TB patients 
on different regimens

PMDT INDIA  2021 



Trend of treatment success rate of M/XDR TB 
patients 

INDIA TB REPORT 2023



Treatment outcomes for MDR/RR-TB cases 
started on treatment in 2018, WHO regions 
and globally

Global TB report 2021 





Ongoing Trials on preventive therapy for DR-
TB contacts

Study Population Type Population Size (N) Structure Duration of 
Treatment

V-QUIN Adults > 15 years 3344 Lfx vs. Placebo 6 months 

TB-CHAMP Children < 5 years 1556 Lfx vs. Placebo 6 months

PHOENIx Adults > 15 years 5610 Dlm vs. H 6 months

Kherabi Y , et al . Pathogens 2022, 11, 1189



Conclusion 

• CBNAAT for diagnosis of MTB and drug resistant needed upfront

• Xpert MTB/XDR improve access to rapid drug susceptibility testing, 
especially for ruling out fluoroquinolone resistance

• WGS should be offered after clinical , microbiological and DST 
correlation, WGS still not widely available and costly 

• MDR TB shorter regimens has better outcomes as compared to longer 
regimen , can improve compliance 

• For treatment of household contacts of MDR tb index case , data is 
based on prospective studies , results of RTCs are awaited, no data on 
XDR tb contact for treatment  
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