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Drug-resistant tuberculosis (DR-TB) has been an area of growing concern and posing 
threat to human health worldwide. The treatment has been defined for all types of DR-TB 
with or without newer anti-TB drugs. multi-DR-TB (MDR-TB) patients have now choice of 
two types of regimen, shorter and longer regimens. Shorter regimen for treatment of 
subset of MDR-TB patients who have not been previously treated with second line drugs 
and in whom resistance to fluoroquinolones and second-line injectable agents has been 
excluded is given for 9 to 11 months. A longer regimen of at least five effective anti-TB 
drugs (ATDs) during the intensive phase is recommended, including pyrazinamide and 
four core second-line ATDs. Intensive phase, including injectables, should be given for 
at least 8 months. The total duration of treatment is at least 20 months, which can be 
prolonged up to 24 months depending on the response of the patient. World Health 
Organization (WHO) has recently revised the grouping of ATD for use in DR-TB patients 
in 2018 into three groups based on individual patient data meta-analysis depending on 
their individual efficacy, risk of relapse, treatment failure, and death. Recently, an all 
oral longer regimen comprising bedaquiline, pretomanid, and linezolid (BPal regime) 
for 6 to 9 months for extensive-DR-TB (XDR-TB) patients and those MDR-TB patients 
who cannot tolerate or do not respond to conventional MDR-TB regimen. These new 
developments will be a step forward toward establishing universal regimen to treat all 
types of DR-TB. This article has summarized the current evidence from literature search 
to date, including prevalence of DR-TB, types of regimen used and the advancement in 
the regimens for effective treatment of DR-TB patients.
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Introduction
Tuberculosis (TB) occurs worldwide and remains an import-
ant cause of morbidity and mortality in many countries. 
Ideally good treatment of TB should achieve sputum con-
version in almost all the patients provided correct regimens 
are prescribed and taken. There will be hardly any recur-
rence if duration of treatment has been adequate and there 
will be hardly any emergence of drug resistance.1 The Global 
Tuberculosis Report 2019 estimated that 3.4% of newly 

diagnosed and 18% of previously treated TB cases had mul-
tidrug-resistant TB (MDR-TB). It has been estimated that 
484,000 cases of rifampicin-resistant TB (RR-TB) and 78% out 
of them had MDR-TB causing death to 214,000 people glob-
ally in 2018. Out of 484,000 cases who developed MDR/RR-TB, 
186,772 (39%) cases were detected and 156,071 people (32%) 
were enrolled on treatment with a second-line regimen and 
only 56% of them were treated successfully in 2018. In India, 
it is estimated that the prevalence of MDR-TB among new and 
previously treated patients was 2.8 and 14%, respectively. It 

Ann Natl Acad Med Sci (India) 2021;57:68–73.

Review Article

© 2020. National Academy of Medical Sciences (India).
This is an open access article published by Thieme under the terms of the Creative 
Commons Attribution-NonDerivative-NonCommercial-License, permitting copying 
and reproduction so long as the original work is given appropriate credit. Contents 
may not be used for commercial purposes, or adapted, remixed, transformed or 
built upon. (https://creativecommons.org/licenses/by-nc-nd/4.0/).
Thieme Medical and Scientific Publishers Pvt. Ltd. A-12, 2nd Floor, 
Sector 2, Noida-201301 UP, India

published online
July 21, 2020

Article published online: 2020-07-21



69Treatment of Drug-Resistant Tuberculosis  Prasad et al.

Annals of the National Academy of Medical Sciences  (India)  Vol. 57  No. 2/2021  © 2020. National Academy of Medical Sciences (India).

is estimated that 130,000 cases of MDR/RR-TB emerge every 
year of which 58,347 (44.9%) were detected and notified and 
46,569 (35.8%) were started on treatment with treatment suc-
cess rate of only 48%.2 Extensive drug-resistant TB (XDR-TB) 
has been reported in all regions of the world and it has become 
a serious emerging threat to global public health. But, 6.2% 
of MDR-TB cases were found to have XDR-TB. It is estimated 
that 30,000 cases of XDR-TB emerge every year globally. Out 
of 30,000 XDR TB cases only 13,068 (43%) were diagnosed and 
11,403 (38%) were started on treatment with treatment suc-
cess rate of 39% globally. In India, out of estimated 8,000 cases 
of XDR-TB, only 3,400 (42%) cases were detected and notified 
and 2,724 (34%) were put on treatment with success rate of 
30%. Recently, there have been many newer changes in treat-
ment of DR-TB. Present write up aims to review current status 
of treatment of various forms of DR-TB.

Drug-Resistant Tuberculosis
There are many types of DR-TB. Isoniazid-resistant 
TB (Hr-TB), refers to TB cases whose Mycobacterium 
tuberculosis strains are resistant to isoniazid and suscep-
tibility to rifampicin has been confirmed by drug-suscep-
tibility testing (DST). Polyresistance TB refers to TB cases 
who are resistant to more than one first-line anti-TB drug, 
other than isoniazid and rifampicin together. RR-TB defined 
as resistance to rifampicin detected using genotypic or 
phenotypic methods with or without resistance to other 
first line anti-TB drugs. Rifampicin resistance is taken as 
surrogate marker for MDR-TB. MDR-TB refers to TB cases 
whose sputum is culture positive for M. tuberculosis and is 
resistant in vitro to isoniazid and rifampicin with or with-
out other antitubercular drugs based on DST. Pre-XDR-TB) 
refers to TB cases who are resistant to one of the fluoro-
quinolone (ofloxacin, levofloxacin, and moxifloxacin) or 
a second-line injectable anti-TB drug (kanamycin, amik-
acin, and capreomycin), confirmed by DST. XDR-TB refers 
to MDR-TB case whose recovered M. tuberculosis isolate is 
resistant to any fluoroquinolone (ofloxacin, levofloxacin, 
and moxifloxacin) and a second-line injectable anti-TB 
drug (kanamycin, amikacin, and capreomycin), confirmed 
by DST.

Treatment of Isoniazid-Resistant Tuberculosis
Isoniazid is an important first-line agent for the treatment 
of TB, possessing potent early bactericidal activity against 
M. tuberculosis. Monoresistance to isoniazid is frequent 
worldwide with an estimated prevalence of 7.2% in new TB 
cases and 11.6% in previously treated TB cases.2 In patients 
with confirmed rifampicin-susceptible and Hr-TB, treatment 
with rifampicin, ethambutol, pyrazinamide, and levofloxacin 
is recommended for duration of 6 months. In patients with 
confirmed rifampicin-susceptible and Hr-TB, it is not recom-
mended to add streptomycin or other injectable agents to the 
treatment regimen. If second line probe assay shows levo-
floxacin resistance, then it should be replaced with high-dose 
moxifloxacin. If high-dose moxifloxacin or pyrazinamide 

cannot be used then it should be replaced with linezolid. If 
linezolid cannot be given, then it should be replaced with 
clofazimine. If both linezolid and clofazimine cannot be 
given, then add cycloserine. If both high-dose moxifloxacin 
and pyrazinamide cannot be used, then two drugs out of the 
three, that is, linezolid, clofazimine, and cycloserine should 
be added in order of preference. In all the above situations, 
regimen should be extended for a period of 9 months instead 
of 6 months duration.3 In patients in whom toxicity from pyr-
azinamide is either experienced or anticipated, or in patients 
with lower burden of disease (i.e., noncavitary), shorten-
ing of the duration of pyrazinamide can be done when a 
later-generation fluoroquinolone is included in the regimen. 
Further research evaluating the efficacy, safety, and tolera-
bility of shorter versus longer durations of pyrazinamide are 
urgently required.4

Treatment of Multidrug-Resistant/
Rifampicin-Resistant-Tuberculosis
For treatment of MDR/RR-TB, standardized, empirical, 
and individualized approaches have been laid down.5,6 
Individualized treatment based on individual DST and prior 
treatment history is costly and needs skilled professionals 
and quality assured bacteriological and molecular diagnostic 
laboratories whereas, standardized treatment is simple, less 
costly and same treatment is given to all patients. There are 
two types of treatment regimen MDR/RR-TB shorter and lon-
ger regimen according to recent update from World Health 
Organization (WHO) in which they have also reclassified 
anti-TB drugs (ATD) for MDR/RR-TB7 (►Table 1).

Shorter Regimen for Multidrug-Resistant/Rifampicin-
Resistant Tuberculosis
In 2016, WHO approved the use of a shorter regimen for 
treatment for subset of MDR/RR-TB patients who have not 
been previously treated with second-line drugs and in whom 
resistance to fluoroquinolones and second-line injectable 
agents has been excluded or is considered highly unlikely, a 
shorter MDR/RR-TB regimen of 9 to 11 months may be used 
instead of a longer regimen of 20 to 24 months. The inten-
sive phase of 4 months which may be extended to 6 months 
in case of lack of sputum smear conversion consists of kana-
mycin, High dose moxifloxacin, ethionamide, clofazimine, 
pyrazinamide, High-dose isoniazid, ethambutol, followed by 
continuation phase of 5 months which consist of high-dose 
moxifloxacin, clofazimine, pyrazinamide, and ethambutol.7-9 
Recommendation for use of shorter regimen was conditional 
and it can be used in selected patients with MDR/RR-TB with 
the exception of confirmed resistance or suspected ineffec-
tiveness to any medicine in the shorter regimen (except iso-
niazid), exposure to one or more second-line medicines in the 
shorter regimen for 1 or more months unless susceptibility 
to these second-line medicines is confirmed, intolerance to 
one or more medicines in the shorter regimen or at increased 
risk of toxicity from such medication (e.g., drug-drug inter-
actions, preexisting QT-interval prolongation), pregnancy, 
extra pulmonary disease in people living with human immu-
nodeficiency virus and disseminated, meningeal or central 
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nervous system TB. WHO updated guidelines for MDR/RR-TB 
in 2018 and 201910,11 continued to include the shorter regi-
men as an option for patients who have not been previously 
treated for more than 1 month with second-line medicines 
used in the shorter MDR-TB regimen or in whom resistance 
to fluoroquinolones and second-line injectable agents has 
been excluded and now the shorter MDR-TB regimen may 
be offered under certain criteria which were similar to 

the previous guidelines except that shared decision mak-
ing between the clinician and patient is important when 
choosing between a shorter and longer regimen and kana-
mycin should be replaced by amikacin. Doses of drugs used 
in shorter regimen has been revised in recently for patients 
older than 14 years (►Table 2).

Abidi et al reported results of individual patient data 
meta-analysis comparing the standardized shorter regimen 

Table 1   Grouping of anti-tuberculosis drugs with their doses used in drug resistant tuberculosis (WHO 2016)

Groups Drugs Average daily 
dose (mg/kg)

Daily dosage (mg)

Minimum Maximum

A. Fluoroquinolones Levofloxacin 7.5–10 750 1000

Moxifloxacin 7.5–10 400 400

Gatifloxacin 7.5–10 400 400

B. Second-line  
injectable agents

Amikacin 15 500 1000

Kanamycin 15 500 1000

Capreomycin 15 500 1000

Streptomycin 15 500 1000

C. Other core  
second-line agent

Ethionamide/prothionamide 15–20 500 1000

Cycloserine/terizidone 10–20 500 1000

Linezolid – 600 600

Clofazimine 4–5 100 300

D. Add-on 
agents

D1 Pyrazinamide 25 750 2000

Ethambutol 15 600 1200

High-dose isoniazid 16–20 600 1500

D2 Bedaquiline 400 mg OD × 2 weeks and then 200 mg three 
times per week

Delamanid 100 mg BD

D3 PAS 200–300 10 gm 12 gm

Imipenem-cilastatin 1,000–1,000 mg BD

Meropenem 1,000 mg thrice daily

Amoxicillin-clavulanate 80 mg/kg/day 500/125 mg 
BD

1,000/250 mg BD

Thioacetazone 150 mg OD

Abbreviations: BD, twice daily; OD, once daily; WHO, World Health Organization.

Table 2   Drugs and doses used in shorter MDR regimen for patients older than 14 years from the WHO MDR-TB treatment 2018

Medicine Weight based daily 
dose (mg/kg)

Weight bands for patients older than 14 years

Weight groups (kg) 30–35 36–45 46–55 56–70 >70

Moxifloxacin (High dose) 10–15 400/600 600 600/800 800 800

Clofazimine 1 100 100 100 100 100

Ethambutol 15–25 800 800 1,200 1,200 1,200

Pyrazinamide 20–30 1,000 1,500 1,500 1,500 2,000

Amikacin 15–20 500 500 750 750 1,000

Ethionamide or 
prothionamide

15–20 500 500 750 750 1,000

Isoniazid (High dose) 15–20 600/1,000 1,000/1,500 1,500 1,500 1,500

Abbreviations: MDR, multidrug resistant; TB, tuberculosis; WHO, World Health Organization.
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with individualized longer regimen. They reported that 
treatment success rate was higher with the shorter regimen 
than with individualized longer regimen due to less loss to 
follow-up. The failure and relapse was slightly higher with 
shorter regimen and was greater in magnitude with baseline 
resistance to pyrazinamide, ethionamide/prothionamide or 
ethambutol. These finding also support the need to improve 
access to reliable drug susceptibility test.12 STREAM has 
recently expanded (stage 2) to test two additional shorter 
treatment regimens using bedaquiline.13 This expanded arm 
will evaluate a 9-month all-oral regimen without injections 
and an even shorter simplified 6-month regimen. It will 
finish enrollment of patients in 2018 and initial results are 
expected by 2021.

Longer Regimen for Multidrug-Resistant/Rifampicin-
Resistant Tuberculosis
In patients with MDR/RR-TB, a longer regimen of least five effec-
tive ATDs during the intensive phase is recommended, includ-
ing pyrazinamide and four core second-line ATDs, one chosen 
from group A (fluoroquinolones: levofloxacin, moxifloxacin, 
and gatifloxacin), one from group B (second-line injectable 
drugs: kanamycin, amikacin, and capreomycin), and at least 
two from group C (other core second-line drugs: ethionamide/
prothionamide, cycloserine/terizidone, linezolid, and clofazi-
mine). If the minimum of effective ATDs cannot be composed 
as above, one drug from group D2 (bedaquiline and delamanid) 
and other drugs from D3 (para-aminosalicylic acid,imi-
penem-cilastatin, meropenem, amoxicillin-clavulanate,  
and thioacetazone) may be added to bring the total number 
of drugs to five. The regimen may be further strengthened 
with rest of group D1 (high-dose isoniazid and/or etham-
butol). While streptomycin is not usually included with the 
second-line drugs, it can be used as the injectable drug of the 
core MDR/RR-TB regimen if none of the three other inject-
able drugs can be used and if the strain can be reliably shown 
not to be resistant. Thioacetazone should not be used if the 
patient is HIV seropositive. Intensive phase including inject-
ables should be given for at least 8 months for most patients 
which can be modified depending on the response of the 
patient. The total duration of treatment is at least 20 months 
which can be prolonged up to 24 months depending upon the 
response of the patient. Pyrazinamide is usually continued for 
the entire treatment, especially if there is extensive disease. If 
the patient has minimal disease, pyrazinamide can be stopped 
with injectables at end of intensive phase. Bedaquiline or dela-
manid are used for 6 months in intensive phase and are pres-
ently not recommended for whole treatment duration.7,14,15 
It is important that a single drug should never be added to 
a failing regimen and it is ineffective to combine two drugs 
of the same group or to add a drug potentially ineffective 
because of cross resistance. No drug should be kept in reserve 
and the most powerful drugs should be used initially and in 
maximum combination so as to ensure that first battle is won 
and won permanently. All patients initiated on treatment 
and their family members should be intensively counseled 
prior to treatment initiation and during all follow-up visits. 
To reduce the risk of development of resistance to second-line 

ATDs and promote optimal treatment outcomes, all efforts 
should be made to administer treatment under direct obser-
vation (DOT) over the entire course of treatment. If DOT is 
not possible, attempts to ensure treatment adherence should 
be made by checking empty blister packs during follow-up 
visits every month.16 All measures should be taken to per-
suade and encourage patients not to stop treatment despite 
all its discomforts, as it is the last resort that stands between 
life and death. Proposed regimen for MDR/RR TB is given  
in ►Table 3.

Table 3   Regimen for MDR/RR-TB, pre-XDR- and XDR-TB with 
and without new drugs

Type of regimen Treatment regimen in 
intensive phase

Treatment 
regimen in 
continuation 
phase

Conventional 
regimen for MDR/
RR-TB

(6–9 months) kanamycin, 
levofloxacin ethionamide, 
cycloserine, pyrazinamide, 
ethambutol

(18 months) 
levofloxacin, 
ethionamide, 
cycloserine, 
ethambutol

Regimen for MDR/
RR-TB + resistance 
to FQ class (with-
out new drugs)

(6–9 months) kanamycin, 
high dose moxifloxacin, 
ethionamide, cycloserine, 
pyrazinamide, linezolid, 
clofazimine

(18 months) 
high dose 
moxifloxacin, 
ethionamide, 
cycloserine, 
pyrazinamide, 
linezolid, 
clofazimine

Regimen for MDR/
RR-TB + resistance 
to SLI class (with-
out new drugs)

(6–9 months) capre-
omycin, levofloxacin, 
ethionamide, cycloserine, 
pyrazinamide, linezolid, 
clofazimine

(18 months) 
levofloxacin, 
ethionamide, 
cycloserine, 
linezolid

Regimen for MDR/
RR-TB + resistance 
to FQ class (with 
new drugs)

(6–9 months) kanamycin, 
ethionamide, cycloserine, 
pyrazinamide, linezolid, 
clofazimine + (6 months) 
bedaquiline

(18 months) 
ethionamide, 
cycloserine, 
linezolid, 
clofazimine

Regimen for MDR/
RR + resistance to 
SLI class (with new 
drug)

(6–9 months) 
capreomycin,levofloxacin, 
ethionamide, cycloserine, 
pyrazinamide, linezolid, 
clofazimine + (6 months) 
bedaquiline

(18 months) 
levofloxacin, 
ethionamide, 
cycloserine, 
linezolid

Regimen for 
XDR-TB (without 
new drugs)

(6–12 months) 
capreomycin,high 
dose moxifloxacin, 
ethionamide, cycloserine, 
pyrazinamide, linezolid, 
clofazimine, ethambutol

(18 months) 
high dose 
moxifloxacin, 
ethionamide, 
cycloserine, 
linezolid, 
clofazimine, 
ethambutol

Regimen for 
XDR-TB (with new 
drugs)

(6–12 months) 
capreomycin, 
ethionamide, cycloserine, 
pyrazinamide, 
linezolid, clofazimine, 
ethambuto, + (6 months) 
bedaquiline

(18 months) 
ethionamide, 
cycloserine, 
linezolid 
clofazimine, 
ethambutol

Abbreviations: FI, fluoroquinolones; MDR, multidrug resistant;  
RR, rifampicin resistant; TB, tuberculosis; SLI, second line injectables; 
XDR, extensive drug resistant.
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WHO has recently revised the grouping of ATDs for use in 
MDR/RR-TB patients in 2018 into three groups (►Table 4), based 
on individual patient data meta-analysis of more than 13,000 
patients, depending on their individual efficacy, risk of relapse, 
treatment failure, and death,17 and advised for preferably all oral 
regimens for treatment of MDR/RR-TB.11,18,19 Drugs and their 
doses according to recent classification and weight bands are 
given in ►Table 5. Recent 2019 WHO consolidated guideline11 
suggested that MDR/RR-TB patients on longer regimens should 
have all three group-A agents and at least one group-B agent 
included to ensure that treatment starts with at least four ATDs 
likely to be effective and that at least three agents are included 
for the rest of treatment after bedaquiline is stopped. If only 
one or two group-A agents are used, both group-B agents are 
to be included. If the regimen cannot be composed with agents 
from Groups A and B alone, Group C agents are added to com-
plete the regimen. Kanamycin and capreomycin are not to be 
included in the treatment of MDR/RR-TB patients on longer reg-
imens. Government of India is in the process of adopting the 
changes based on this recent WHO guidelines and it has been 
proposed to use at least five drugs comprising bedaquiline (only 
for 6 months), levofloxacin, linezolid, clofazimine, and cycloser-
ine in the intensive phase of treatment for 6 to 8 months and 
four drugs consisting of linezolid, levofloxacin, clofazamine, 
and cycloserine in the continuation phase of treatment for 
12 months.

Treatment of Pre–XDR- and XDR-Tuberculosis
Proposed regimen for Pre–XDR-TB and XDR-TB14,15 with and 
without newer drugs are given in ►Table 3.

U.S. Food and Drug Administration (FDA) recently approved 
a new all oral regimen (BPal regime) for XDR-TB patients and 
those MDR-TB patients who cannot tolerate or do not respond 
to conventional MDR-TB regimen. Regimen comprise of three 
drugs namely bedaquiline, pretomanid, and linezolid for 6 to 
9 months. Nix-TB trial using BPal regimen in XDR-TB showed 
success rate of 90% as compared with the present success rate 
of 30%.20 Nix-TB study is an important step toward establishing 

Table 4   WHO revised grouping of TB medicines 2018

Group Medicine

Group A 
includes all 
three medi-
cines (unless 
they cannot 
be used)

Levofloxacin OR Moxifloxacin Bedaquiline
Linezolid

Group B adds 
both medi-
cines (unless 
they cannot 
be used)

Clofazimine
Cycloserine OR terizidone

Group C adds 
to complete 
the regimen 
and when 
medicines 
from groups 
A and B can-
not be used

Ethambutol

Delamanid
Pyrazinamide

Imipenem-cilastatin OR meropenem

Amikacin (OR streptomycin)

Ethionamide OR prothionamide

p-aminosalicylic acid

Abbreviations: TB, tuberculosis; WHO, World Health Organization.

Table 5   Drugs and doses used in DR–TB for patients older than 14 years (WHO DR–TB treatment 2018–19)

Medicine Weight-based daily 
dose (mg/kg)

Weight bands for patients older than 14 years

Weight groups (kg) 30–35 36–45 46–55 56–70 >70

Levofloxacin 10–15 750 750 1,000 1,000 1,000

Moxifloxacin 7.5–10 400 400 400 400 400

(High dose) 10–15 400/600 600 600/800 800 800

Bedaquiline 2–3 400 mg daily for 2 weeks
Then 200 mg thrice weekly for 22 weeks

Linezolid 10–12 300 450 600 600 600

Clofazimine 1 100 100 100 100 100

Cycloserine or terizidone 10–15 500 500 750 750 750

Ethambutol 15–25 800 800 1200 1200 1200

Delamanid 1.5 100 BD 100 BD 100 BD 100 BD 100 BD

Pyrazinamide 20–30 1,000 1,500 1,500 1,500 2,000

Imipenem cilastatin 25 2 g BD (to be used with clavulanic acid)

Meropenem 20 1 g thrice a day or 2 g twice a day (to be used with clavulanic acid)

Amikacin 15–20 500 500 750 750 1,000

Streptomycin 12–18 500 600/700 800/900 900 1,000

Ethionamide or 
prothionamide

15–20 500 500 750 750 1,000

p-amino salicylic acid 8–12 g/day in  
2–3 divided doses

4 g twice a day
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a truly “Universal Regimen” to which there is no preexisting 
resistance and could therefore treat all type of DR-TB patients, 
that is, MDR-TB, pre–XDR, and XDR-TB.
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