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WHO guidelines for 
the treatment of 
drug-resistant 
tuberculosis
2016 update



2016

WHO guidance on treatment & management 
of drug-resistant TB, 1996-2016



Å Thedesignof conventionalMDR-TBregimensusesa different regrouping
of second-linemedicines

Å A shorter MDR-TB treatment regimen is recommendedfor RR-/MDR-TB
patients,underseveralconditions

Å MDR-TB treatment is recommended for all patients with rifampicin-
resistanttuberculosis,regardlessif isoniazidresistanceisconfirmedor not

Å Treatmentof childrenwith RR-/MDR-TBbasedon a first-evermeta-analysis
of individual-levelpaediatricpatient datafor treatment outcomes

Å Recommendationon partial lungresectionsurgery

WHO guidelines for the treatment of drug-
resistant tuberculosis. 2016 update

Key changes



Regrouping of the medicines used 
for RR-/MDR-TB



GROUP A

Fluoroquinolones

Levofloxacin

Moxifloxacin

Gatifloxacin 

GROUP B

Second-line injectable agents

Amikacin

Capreomycin

Kanamycin

(Streptomycin)

GROUP C

Other Core Second-line Agents

Ethionamide / Prothionamide

Cycloserine / Terizidone

Linezolid

Clofazimine

GROUP D

Add-on agents 
(not core MDR-TB regimen components)

D1
Pyrazinamide

Ethambutol

High-dose isoniazid

D2
Bedaquiline

Delamanid

D3

p-aminosalicylicacid

Imipenem-Cilastatin

Meropenem

Amoxicillin-Clavulanate

(Thioacetazone)



ÅGroup D consists of Add-on agents, reserved for when an 
adequate regimen cannot be otherwise composed 
(replacing the old Group 5). It is split into three subgroups 
(D1,D2,D3): PAS belongs to D3 and bedaquiline and 
delamanid to D2  

ÅMacrolides no longer have a role in MDR-TB treatment 
regimens

ÅActive TB drug safety monitoring and management 
(aDSM) to safeguard patient health and to contribute to 
global knowledge about the safety of individual medicines 
and drug combinations, especially in novel regimens

Regrouping of second line drugs 



In patients with rifampicin-resistant 
TB or MDR-TB, a regimen with at 
least five effective TB medicines 
during the intensive phase is 
recommended, including 
pyrazinamide andfour core second-
line TB medicines ςone chosen from 
Group A, one from Group B, and at 
least two from Group C

Longer MDR-TB regimen (1)

Group A = 
levofloxacin; 
moxifloxacin; 
gatifloxacin
Group B = 
amikacin, 
capreomycin, 
kanamycin, 
(streptomycin)
Group C = 
ethionamide/ 
prothionamide, 
cycloserine/ terizidone, 
linezolid, clofazimine



If the minimum number of five effective TB 
medicines 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

The regimen may be further strengthened 
with high-dose isoniazid and/or 
ethambutol(Group D1)

Group D2
bedaquiline, 
delamanid
Group D3
p-aminosalicylic
acid, imipenemς
cilastatin, 
meropenem, 
amoxicillinς
clavulanate, 
(thioacetazone)

Longer MDR-TB regimen (2)



In the treatment of patients with MDR-TB, an intensive 
phase of 8 months is suggested for most patients, and the 
ŘǳǊŀǘƛƻƴ Ƴŀȅ ōŜ ƳƻŘƛŦƛŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ǇŀǘƛŜƴǘΩǎ 
response to therapy
conditional recommendation / very low certainty in the evidence

In the treatment of patients newly diagnosed with MDR-
TB, a total treatment duration of 20 monthsis suggested 
for most patients in patients, and the duration may be 
ƳƻŘƛŦƛŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ǇŀǘƛŜƴǘΩǎ ǊŜǎǇƻƴǎŜ ǘƻ therapy
conditional recommendation / very low certainty in the evidence

Treatment duration for longer MDR-TB regimen 
(no change from 2011 guidelines)



Shorter MDR-TB regimen



In patients with 

Árifampicin-resistant TB or MDR-TB, 

Áwho have not been previously treated with second-line drugs 
and 

Áin whom resistance to fluoroquinolones and second-line 
injectable agents has been excluded or is considered highly 
unlikely 

a shorter MDR-TB regimen of 9ς12 months may be used 
instead of a conventional regimen

- Conditional recommendation ςvery low quality of evidence

ShorterMDR-TB regimen(1)



ωStandardized regimen; 

ωlimited modifications are possible

4-6 Km-Mfx-Pto-Cfz-Z-Hhigh-dose-E / 5 Mfx-Cfz-Z-E

ShorterMDR-TB regimen(2)



ShorterMDR-TB regimen(3)



ÅRecommendation applies to adults, children, PLHIV

ÅNot recommended in case of 2nd line drug resistance, 
extrapulmonarydisease and pregnancy

ÅLowered costs (<US$1,000 in drug costs/patient) 

ÅMonitoring for effectiveness, relapse, and harms (active TB 
drug safety monitoring and management (aDSM)) applies

ÅTrials (e.g. STREAM) expected to provide high-certainty 
evidence

Shorter MDR-TB regimen (4)



Choosing the treatment regimen in patients 
with confirmed MDR/RR-TB

YES

Longer 

(individualized) 

MDR-TB regimens

Shorter MDR-TB 
regimen

NO
FAILING REGIMEN, DRUG INTOLERANCE, 

RETURN AFTER INTERRUPTION >2 MONTHS, 
EMERGENCE OF AN EXCLUSION CRITERION

V Confirmed resistance or suspected ineffectiveness to a medicine in the 

shorter MDR-TB regimen (except isoniazid resistance)

V Exposure to >1 second-line medicines in the shorter MDR-TB regimen for 

>1 month

V Intolerance to >1 medicines in the shorter MDR-TB regimen or risk of 

toxicity (e.g. drug-drug interactions)

V Pregnancy

V Extrapulmonary disease

V At least one medicine in the shorter MDR-TB regimen not available



Google <WHO Treatment of drug-resistant TB resources>

http://www.who.int/tb/areas-of-work/drug-resistant-

tb/treatment/resources/en

http://www.who.int/tb/areas-of-work/drug-resistant-tb/treatment/resources/en


Å All RR-TB cases to be treated with a recommendedMDR-TB
regimen,regardlessif isoniazidresistanceisconfirmedor not

Å H can be added to the regimen until DST is available (and
maintainedif DSTshowssusceptibility).

Å If isoniazidsusceptibilitycannot be tested, isoniazidmay also be
addedto the regimen,at a doseof 15ς20mg/kgbodyweight/day.

Å Duration of INH: INH is probably most active in first months of
treatment, but if strain is susceptibleit could help protect other
drugs

Rifampicinresistantstrains
(i.e. followingXpertMTB/RIF results)



In patients with rifampicin-resistant or MDR-TB, elective partial lung 
resection (lobectomy or wedge resection) may be used alongside a 
recommended MDR-TB regimen

ÅBased on individual participant data (IPD) and study-level meta-analyses
ÅBias to be expected (e.g. confounding by indication, publication)
ÅWhich patients & when would benefit most?The effects in PLWH could not be 
evaluated
ÅMore radical pneumonectomydoes not show the same benefits
ÅOnly to be recommended where specialist services are available

The role of surgery
Recommendation & remarks



ÅStream 1: phase III, multicentre, open-label, randomized
controlled comparing shorter regimen with locally-used
longerMDR-TBregimenbasedon WHOrecommendations.

ÅDesignedto assessthe non-inferiority of shorterregimen

ÅSites: Ethiopia, Mongolia,SouthAfrica,Vietnam

WHO Position statement on the continued
use of the shorter regimenfor MDR-TB 

following an expeditedreview of STREAM 1 
preliminary results

(April 2018)



WHO Position statement on shorter regimen(2)



ÅFavourableoutcomesmarginallyhigher for longer versusshorter treatment
(80.6% vs 78.1%). Relativerisk (RR)0.970, 95%CI 0.862ς1090; P=0.60; risk
difference+2.5%, 95%CI-6.9%to +11.8%.

ÅTrial preliminary data could not confirm the nonςinferiority of the shorter
regimenwhencomparedto the longer

ÅHowever, the control regimenperformed much better than in programmatic
conditions, and advantagesof reducing treatment duration may be not
adequatelyreflectedby preliminaryfindings

ÅConclusion: 2016 WHOrecommendationon the use of the shorter MDR-TB
remains in place. The recommendation remains conditional, based on
moderatecertaintyon the estimatesof effects.

WHO Position statement on shorter regimen(3)



New drugs

Bedaquilineand Delamanid



Bedaquiline

Å Oral diarylquinoline

Å Target: ATP synthase

ïActivity specific to mycobacteria

Å Bactericidal activity 

comparable to RIF-INH-PZA 

in mice

Å Sterilizing activity comparable 

to rifampin in mice

Å No cross-resistance with other antimycobacterial drugs 

(INH, RIF, EMB, PZA, streptomycin, amikacin, or moxifloxacin)

Andreas K, et al. Science. 2005;307:223-227. CDC. MMWR Morb Mortal Wkly Rep. 2013;62:1-12.
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άBedaquilinemay be added to a WHO-recommended regimen in adult 

patients with pulmonary MDR-¢.έ 

conditional recommendation, very low confidence in estimates of effect

Subject to the following 5 conditions:

1. Treatment under close monitoring  

2. Proper patient selection  

3. Patient informed consent

4. Treatment as per WHO recommendations

5. Active pharmacovigilance in place

400 mg daily 2/12 200 mg 3/w  22 w added to OBR in adults

BEDAQUILINE : WHO interim policy guidance (June 2013)



Delamanid

ÅNitro-dihydro-imidazooxazole 

ÅDerivative of metronidazole

ÅInhibits mycolic acid synthesis

ÅPotent preclinical in vitro and in vivo activity against 

both drug-susceptible and drug-resistant strains of TB

Skripconoka V, et al. Eur Respir J. 2013;41:1393-1400.
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άDelamanidmay be added to a WHO-recommended regimen 

in adult patients with pulmonary MDR-¢.έ 

conditional recommendation, very low confidence in estimates of effect

Subject to the following 5 conditions:

1. Proper patient inclusion

2. Treatment as per WHO recommendations

3. Treatment is closely monitored

4. Active pharmacovigilance in place

5. Patient informed consent obtained

-> October 2016 : may be used in patients 6-17 years

100 mg BD added to OBR in adults

DELAMANID : WHO interim policy guidance (October 2014)





WHO Position statement on the 
use of delamanidfor MDR-TB

(January2018)  

Trial 213: phaseIII, multicentre, randomized, double blind, placebo-
controlledcomparing:
ÅOBR + delamanid(for 6 months) for a total durationof 18-24 monthsand
ÅOBR + placebo (for 6 months) for a total durationof 18-24 months

No clinicalrelevantor statisticalsignificantdifference in treatment success, 
all-cause mortality, culture conversion, adverseevents, QTcFprolongation



Can bedaquilineand delamanidbe used
together in the samepatient?

WHO guidance stated that there are no data on the 
simultaneous use of bedaquilineand delamanidin the same 
patient and that until such data become available, no 
recommendation on their joint administration is possible. 

Proposedconditionsfor the use in individualpatient:

1. An effective treatment cannot be designed by adding only 
one new drug to the optimisedbackground regimen

2. The clinical centreis qualified
3. Informed consent
4. Pharmacovigilance in place
5. Support of experts to the need of using the two drugs

Matteelli et al. LID 2015





WHO 
treatment 

guidelines for 
isoniazid-

resistant TB



sinceнллсΧ



WHO treatment guidelines of HR-TB, 2018
PICO question 

In patients with isoniazid-resistant tuberculosis
(other than MDR-TB),which treatment regimen
compositionand duration, when comparedwith
6 or more months of REZ,leads to a higher
likelihood of successwith least possiblerisk of
harm?



Evidence summary, 2018 (1)

ωIndividual patient data from 33 observational studies with an 
analysable population of 5418 Hr-TB patients

ω6-month (H)REZ regimen had a higher likelihood of treatment 
success and less amplification of resistance than >6 months 
(n.s.s)

ω(H)REZ+Lfxregimens had higher success (s.s) and lower deaths 
and amplification of resistance (n.s.s) than (H)REZ

ωAvailable data do not support the use of streptomycin in 
regimens for patients with isoniazid-resistant TB. 



In patients with confirmed rifampicin-susceptible and isoniazid-
resistant tuberculosis, treatment with rifampicin, ethambutol, 
pyrazinamide and levofloxacin is recommended for a duration 
of 6 months.

[conditional recommendation; 
very low certainty in the evidence]

ω H may be added for convenience (to use 4-drug FDC) and may increase regimen 
effectiveness if only low-level H resistance is present (inhAmutation present 
only)

WHO treatment guidelines of Hr-TB, 2018
Main recommendations (1)

Å DosageLevofloxacin(adults):    750 mg for BW < 49 Kg
1000 mg for BW > 50 Kg



In patients with confirmed rifampicin-susceptible and 
isoniazid-resistant tuberculosis, it is not 
recommendedto add streptomycin or other 
injectable agents to the treatment regimen 

[conditional recommendation; very low certainty in 
the evidence]

WHO treatment guidelines of Hr-TB, 2018
Main recommendations (2)



WHO treatment guidelines of Hr-TB, 2018
Main remarks 

ÅIn thesecases: 6 (H)RZE is recommended

ÅProlonging >6 months did not show to improve outcome



http://www.who.int/tb/publications/2018/FAQ_TB_policy_recommendations_guidel

ines.pdf

http://www.who.int/tb/publications/2018/FAQ_TB_policy_recommendations_guidelines.pdf


Treating M/XDR-TB is difficult!

www.tbconsilium.org



ERS/WHO Consilium for M/XDR-TB

ü Objectives:

ÁTo allow a European clinician, free 

cost, to load patientôs data and 

receive in 1 working day suggestions 

by 2 experts on how to manage a 

difficult-to treat TB case

ÁTo support follow-up of TB patients 

travelling within Europe

ü Web-based regional platform

ü Specialized team able to cover several 

perspectives: clinical for both adults and 

children, surgical, radiological,  public 

health, psychological, nursing, etc.

ü Managed by ERS, in collaboration 

with WHO Europe (formal agreement) 

and ECDC

ü 4 languages (ENG, SPA, PORT, RU)

ü 20 min loading, 2 day to get the answer



www.tbconsilium.org



The platform principles: Case creation

ÅAny physician can create an account and submit a case, through 
a 10 steps web form

ÅEstimated time: 20-45 min. Upload of pictures, imaging scans, 
attachments is possible.



ÅOnce submitted, the case is reviewed by the Area coordinator 
and 2 experts (chosen amongst 41 experts available today)

ÅTarget time for full review: 2-3 days

The platform principles: Case reviewing



ERS/WHO TB Consilium (as of April 2018)

Å total cases:  373 cases

Å From 42 countries (main requesting countries ): India (61), 

South Africa (130), Italy (28), UK (13), Russian Federation (9), 

Philippines (11)

Å Mean age: 35 years, range:1-68;  38 pediatric cases 

Å Female: 40%

DR-TB: 264 (75,6%) (153 XDR-TB; 89 MDR-TB; 22 PRE-XDR-TB)

Å Core clinical questions: 

ü treatment regimen and/or duration

ü advice for introduction of 1 new TB drugs: Dlm or Bdq

ü advice for introduction of Dlm in compassionate use 

(out of 69 requests,14 not resulted eligible) 

ü advice for introduction of Dlm + Bdq

Å Mean time to case-load: 20 minutes

Å Average response time: 48 hours (2 days) 

Å Second opinion: 13 cases (1 > 2 times  1 > 5 times)

Å Clinician satisfaction: 100%



ERS/WHO TB Consiliumpublications



If you need help

www.tbconsilium.org

Contact

gbmigliori@gmail.com

liadambrosio59@gmail.com

mtadolini@hotmail.com

http://www.tbconsilium.org/


The cost (ú) to treat TB and M/XDR is 

enormous: prevention is cost-effective

Cost per case Susceptibl

e

MDR-TB XDR-TB

Estonia* 2,615 15,344 15,344

France 5,691

Germany 7,7,51 55,003 188.466

UK 6,234 62,343

Netherlands 8,340 46,990 148,136

Italy 9,294

Finland 8,243

Spain 9,384

AVERAGE 7,848 54,779 168,310

http://www.i-volume.com/stoptb/details.asp?id=618


Un giorno di terapia MDR-TB
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ñNobody wants me 

around..ò





Certaintyof evidence

DefinitionCertainty

Further research is very unlikely to change our 
confidence in the estimate of effect.

High

Further research is likely to have an important 
impact on our confidence in the effect and may 
change the estimate.

Moderate

Further research is very likely to have an
important impact on our confidence in the 
estimate of effect and is likely to change the 
estimate.

Low

Any estimate of effect is very uncertain.Very low

Adapted from GuyattGH et al. BMJ. 2008 Apr 26,336(7650):924-6



Implications of the strength of a 
recommendation for different users

Adapted from GuyattGH et al. BMJ. 2008, 336(7652):1049ς1051



High dose INH

Cabibbe AM et al. ERJ 2018

ÅinhA: INH normal dose

ÅkatG: INH high dose (works on majority of strains (?)

ÅinhA+katG: forget INH



Ertapenem to treat MDR-/XDR-TB

Tiberi S, et al. ERJ 2016



MDR-TB of the centralnervoussystem

The choice of the regimen is best guided by drug susceptibility results and the 

known properties of TB drugs to penetrate the central nervous system.

ω The fluoroquinolones ethionamide(or prothionamide), cycloserine(or 

terizidone) and linezolid have good CNS penetration ςas well as all first 

line drugs. 

ω PAS and ethambutol do not penetrate the CNS well and should not be 

counted upon among the number of effective drugs to treat MDR-TB 

meningitis. 

ω Kanamycin, amikacin and streptomycin only penetrate the cerebrospinal 

fluid in the presence of meningeal inflammation. 

ω There are little data on the CNS penetration of capreomycin, clofazimine, 

bedaquilineor delamanid.



International Carbapenems Study Group (ICSG)

Meropenem 96 cases (49.0% 

XDR)

Imipenem 84 cases (67.9% XDR)

Setting 5 centres /15 countries, 4 

continents

10  centrEs /15 countries, 4 

continents

Age/sex M 34Ñ10.3 yr/56.3% (76.0% migr) 36Ñ11.2 yr/60.7% (32.1% migr)

HIV+/ART 8 HIV+ (9%)/ 6 ART 2 HIV+ (2.4%) on ART

Previous

Diagnosis
Failure 79.0%; success 11.3% Failure 87.2%; success 1.3%

P<0.05

Previous Tx Median 2 (IQR 1-4) Median 2 (IQR 1-3)

Resistant to Median 8 drugs (IQR 6-9) Median 8 drugs (IQR 7-8)     

P<0.05

Duration 85 d (IQR 49-156) 187 d (IQR 60-428)

SS neg 45 d (IQR 28-68) 30 d (IQR 30-60)

C neg 44 d (IQR 28-75) 60 d (IQR 30-90)                          

P<0.05

Outcomes Success 57.3%; continue Tx

25.0%; died 11.4%; default 5.2% 

Success 40.5%; continue Tx

27.3%; died 23.9%; adefault 7.1%

P 

<0.0001 
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Adverse events

0 0.2 0.4 0.6 0.8 1

Alffenaar  JWC et al. [46] 0.00    (0.00 - 0.37)
Anger HA/Condos R et al. [34] 1.00    (0.78 - 1.00)
De Lorenzo S et al. [35] 0.67    (0.09 - 0.99)
FortunJ et al. [22] 1.00    (0.29 - 1.00)

Koh WJ et al. [45] 0.82    (0.48 - 0.98)
Migliori GB et al. [8] 1.00    (0.03 - 1.00)
Park IN et al. [44] 0.71    (0.29 - 0.96)
Schecter GF et al. [30] 0.22    (0.07 - 0.44)

Singla R et al. [31] 0.71    (0.42 - 0.92)
Udwadia ZF et al. [32] 1.00    (0.29 - 1.00)
Villar M et al. [33] 0.22    (0.03 - 0.60)
Von der Lippe B et al. [43] 0.80    (0.44 - 0.97)

Proportion of adverse events(95% CI)

Pooled Proportion = 0.59 (0.49 to 0.68)
Chi-square = 61.94; df =  11 (p = 0.0000)
Inconsistency (I2) = 82.2 %

Linezolid interruption due to adverse events 

0 0.2 0.4 0.6 0.8 1

Alffenaar  JWC et al. [46] 0.00    (0.00 - 0.37)

Anger HA/Condos R et al. [34] 0.87    (0.60 - 0.98)

FortunJ et al. [22] 1.00    (0.29 - 1.00)

Koh WJ et al. [45] 0.82    (0.48 - 0.98)

Migliori GB et al. [8] 1.00    (0.03 - 1.00)

Park IN et al. [44] 0.40    (0.05 - 0.85)
Schecter GF et al. [30] 1.00    (0.03 - 1.00)

Singla R et al. [31] 1.00    (0.69 - 1.00)

Udwadia ZF et al. [32] 0.54    (0.25 - 0.81)

Villar M et al. [33] 1.00    (0.03 - 1.00)

Von der Lippe B et al. [43] 0.70    (0.35 - 0.93)

Proportion of linezolid interruption due to adverse events (95% CI)

Pooled Proportion = 0.69 (0.58 to 0.79)

Chi-square = 37.19; df =  10 (p = 0.0001)

Inconsistency (I2) = 73.1 %

AE in Linezolid- containing regimens. Sotgiu et al, ERJ 2012



SUMMARY OF EXPERIMENTAL REGIMENS IN MDR-TB CLINICAL TRIALS 
UNDERWAY OR PLANNED (Source: TREAT-TB/Resist-TB)



TDM: is it the future of 

MDR-TB treatment?





TDM
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Treatment  outcome

XDR-alone XDR+2sli XDR+sliG4 XDR+sliG4EZ

n = 301 n = 68 n = 48 n =42

Cured 1.0 (reference) 0.4 (0.2, 0.8) 0.6 (0.2, 1.6) 0.5 (0.2, 1.7)

Failed 1.0 (reference) 2.1 (1.0, 4.5) 1.8 (0.7, 4.7) 1.9 (0.7, 5.3)

Died 1.0 (reference) 1.6 (0.6, 4.4) 1.7 (0.6, 4.9) 1.8 (0.6, 5.3)

Failed or Died 1.0 (reference) 2.6(1.2, 4.4) 2.6(1.1, 6.7) 2.8 (1.0, 7.9)

Defaulted 1.0 (reference) 1.0 (0.3, 2.6) 0.5 (0.2, 1.8) 0.5 (0.1, 2.0)

Treatment outcome 

XDR alone XDR+2sli XDR+sliG4À XDR+sliG4EZ

n = 301 n = 68 n = 48 n =42

Cured 43 (27, 58) 30 (17, 43) 34 (-, -) 19 (0, 48)*

Failed 20 (15, 25) 29 (8, 50) 33 (-, -) 26 (14, 38)

Died 13 (6, 20) 18 (7, 29) 30 (18, 41)* 35 (21, 50)*

Failed or died 35 (26, 45) 54 (40, 69)* 48 (-, -) 49 (37, 61)

Defaulted 15 (5, 24) 15 (3, 27) 18 (-, -) 19 (6, 32)





Resistance to fluoroquinolones and second-line injectable drugs: impact on MDR-TB outcomes. Eur Respir J. 2012 Oct 25; doi: 
10.1183/09031936.00134712

Treatmentsuccessamongdifferent MDR-TB patient groups 
(circles=point estimates; lines=95% confidence interval)






