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Estimated number 

of cases

Estimated number 

of deaths

1.4 million*10.6 million (127 per 100,000)

450,000

All forms of TB

Multidrug-resistant TB

MDR/RR-TB

HIV-associated TB 0.7 million (6.7%) 187,000

Source: WHO Global Report, 2021

The Global Burden of TB, 2021

230,000 

* Excluding deaths attributed to HIV/TB

Latently infected 1.7 billion 

Notified 6.4 million



Drug-resistant TB: 
% diagnosed and treated, and gaps 
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Gaps in 

TB detection and in DST 

among detected (42%)

Enrolled on treatment 2017: 156k (from 135k)
Treated successfully: 56% (2016)

Detected (187k)

Estimated incidence (484k)

Mario C. Raviglione

Global Health

Mario C. Raviglione

Global Health Centre

Gaps in MDR-TB treatment (84%)



Treatment outcomes for new and relapse TB cases, new and relapse HIV-positive TB 
cases, and MDR/RR-TB cases, globally,a 2012−2019



Definition of resistance in TB

1. isoniazid-resistant TB 

2. RR-TB and MDR-TB

3. pre-extensively drug-resistant TB (pre-XDR-TB): resistant to 
rifampicin and any fluoroquinolone (a class of second-line 
anti-TB drug)

4. XDR-TB: resistant to rifampicin, plus any fluoroquinolone, 
plus at least one of the drugs bedaquiline and linezolid. 



A clinical case

• A Pakistani female of 28 years is diagnosed with pulmonary TB by a 
strain resistant to rifampin and isoniazid, sensitive to other drugs.

What is your preferred treatment regimen in this case? 



• Bedaquilina: 400 mg/die per 2 settimane  200 mg trisettimanale per 24 settimane 

• Pretomanid: 200 mg/die per 26 settimane 

• Linezolid: 600 mg/die per 26 settimane

• Moxifloxacin: 400 mg/die per 26 settimane

5 cp/die

BPaLM – 6 mesi



WHO guidelines 2022



• Methods

• Open-label, single-group study in three 
South African sites. (The NIX TB trial)

• We evaluated the safety and efficacy of the 
drug combination for 26 weeks in patients 
with XDR-TB or MDR-TB that was not 
responsive to treatment or for which a 
second-line regimen had been discontinued 
because of side effects. 

• The primary end point was the incidence of 
an unfavorable outcome, defined as 
treatment failure (bacteriologic or clinical) 
or relapse at 6 months of follow-up

Results

109 patients enrolled and included in the 
evaluation of efficacy and safety end points. 

98 patients (90%; 95% confidence interval, 83 
to 95) had a favorable outcome. 

The linezolid toxic effects of peripheral 
neuropathy (occurring in 81% of patients) and 
myelosuppression (48%), were manageable, 
often leading to dose reductions or 
interruptions in treatment with linezolid



The Ze Nix TB trial 2022



Shorter time to culture conversion with 1200 mg

The Ze Nix TB trial 2022



The practecal TB 
trial 2022



The practecal TB 
trial 2022





Hospital isolation

• B.M. 29 years old, born in Peru, married, no children

• Diagnosed with smear positive pulmonary XDR-TB (wife with similar
disease, hospitalized in same room)

• Treatment with the only available effective drugs: linezolid, 
pretomanid, clofazimine

• Needs to work to send money back home

When would you allow them to re-enter the community? 



Standard or individualized treatment?

The WHO strongly encourage a standardized approach to the treatment 

of tuberculosis and, particularly, MDR-TB

Do you believe this applies to well-off counties like Italy ?



Standard or individualized treatment?

Would you use BPaLM in a patients with TB caused by MTB 
resistant to rifampicin and isoniazid only?

Would And resistant to rifampicin only?



Starting an MDR-TB treatment

• You admit a patient with pulmonary disease

• The sputum smear results positive

• The X-pert MTB test demonstrate resistance to rifampicin

If not, what would you need more?

If so, which regimen?

Is this information enough to start a TB regimen?



Starting an MDR-TB treatment

• You admit a patient with cerebral lesions

• The cerebrospinal fluid is positive for rifampicin-resistnt
M.tuberculosis at X-pert examination

WhichTB regimen would you start?



Patient management

• A patient with MDR-TB has been started with BPaLM.

• After two months of treatment she develops nausea and her
transaminasis levels rise to 7 times the normal level

How do you manage this situation ?



A clinical case (1)

• The index case is a Pakistani female of 28 years, diagnosed with 
pulmonary TB by a strain resistant to rifampin and isoniazid, sensitive 
to other drugs.

• The couple has a one year old boy, in good health, with a normal
chest Xray, and a Mantoux test with a reaction of 7 mm 

What management do you suggest for the boy ?



2020: the first WHO guidance
(but data from 2018)

Bamrah S, et al. Int J Tuberc Lung Dis. 2014 Aug 1;18(8):912–8

Lack of RCT evidence.

One cohort of 119 contacts with LTBI:

- 104 initiated fluoroquinolone based PT, 93 (89%) completed, none TB cases; 

Vs. 

- 15 (20%) refused treatment and 3 (20%) developed MDR-TB 

(OR 0.02, 95% CI 0.00; 0.39) (36). 



2020: the first WHO guidance
(but data from 2018)

. Schaaf HS, et al. Pediatrics. 2002 May;109(5):765–71.

Lack of RCT evidence

One cohort of 105 contacts with LTBI:

Confirmed or probable TB developed in 2 of 41 (4.9%) children receiving 

tailored PT

Vs.

13 of 64 (20.3%) children who did not receive PT 

(OR 0.2, 95% CI 0.04; 0.94).



2020: the first WHO guidance
(but data from 2018)

WHO consolidated guidelines on tuberculosis. Module 1: prevention – tuberculosis 
preventive treatment. Geneva: 2020



WHO consolidated guidelines on tuberculosis. Module 1: prevention – tuberculosis 
preventive treatment. Geneva: 2020

Individualized risk assessment

Includes

• intensity of exposure, 

• certainty of the source of disease, 

• information on the drug resistance pattern of the source

• potential adverse drug reactions.

2020: the first WHO guidance
(but data from 2018)



What next?
Ongoing randomized controlled trials





Trials of treatment for MDR TB infection







A 32 years ole Peruvian man

• Arrives into Italy, presents with TB diagnosed in Peru. He had started
treatment in Peru 9 months before, with undefined drugs.

• An M.tuberculosis isolate from respiratory secretions shows the 
following sensitivity test.

 Resistant ro rifampicin, isoniaxid, pyrazinamide, fluorquinolones, 
bedaquiline clofazinime and etionamide

 sensitive to linezolid, delamanid ethambutol, amikavine and meropenm / 
clavulanate

What regimen  would you start ?



The wife of the Peruvian man

• Smear positive pulmonary TB

• The sensitivity pattern of the isolate differs because of sensitivity to 
bedaquiline

What regimen  would you start ?



The 2.5 year old daughter of the couple

• No symptoms, good growth

• At the chest TC right upper lobe calcification in absence of signs of disease

• Gastric aspirate and stools negative for M.tuberculosis by Xpert MTB/Rif

What management do you suggest ?



ACTG/IMPAACT collaborative phase III, 
open-label, multicentre, international trial 

(NCT03568383).



Aim: to evaluate the efficacy and safety of delamanid for TPT in high-
risk household contacts of MDR-TB. 

Recruiting: in 12 countries (Botswana, Brazil, Haiti, India, Kenya, Peru, 
Philippines, South Africa, Tanzania, Thailand, Uganda, Zimbabwe) 

Treatment arm: 26 weeks of delamanid

Control arm:  26 weeks of isoniazid

Follow-up: 96 weeks post-randomization

Sample size: 5610 participants

Termination: 2026

The Phoenix trial



• Two injections with 4 weeks of oral bedaquiline

equivalent to

• daily isoniazid-rifapentine for 4 wk (control)

Long-acting formulation of bedaquiline demonstrated antituberculosis 
activity for up to 12 weeks after injection in a validated mouse model of 
preventive therapy.


