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Aim: The aim of this review is to inform the reader on the latest developments in epidemiology, diag- 

nostics and management. 

Epidemiology: Drug-resistant Tuberculosis (DR-TB) continues to be a current global health threat, and 

is defined by higher morbidity and mortality, sequelae, higher cost and complexity. The WHO classifies 

drug-resistant TB into 5 categories: isoniazid-resistant TB, rifampicin resistant (RR)-TB and MDR-TB, (TB 

resistant to isoniazid and rifampicin), pre-extensively drug-resistant TB (pre-XDR-TB) which is MDR-TB 

with resistance to a fluoroquinolone and finally XDR-TB that is TB resistant to rifampicin, plus any flu- 

oroquinolone, plus at least one further priority A drug (bedaquiline or linezolid). Of 50 0,0 0 0 estimated 

new cases of RR-TB in 2020, only 157 903 cases are notified. Only about a third of cases are detected and 

treated annually. 

Diagnostics: Recently newer rapid diagnostic methods like the GeneXpert, whole genome sequencing and 

Myc-TB offer solutions for rapid detection of resistance. 

Treatment: The availability of new TB drugs and shorter treatment regimens have been recommended 

for the management of DR-TB. 

Conclusion: Despite advances in diagnostics and treatments we still have to find and treat two thirds 

of the drug resistant cases that go undetected and therefore go untreated each year. Control of TB and 

elimination will only occur if cases are detected, diagnosed and treated promptly. 

© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 

Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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ntroduction, Background and Epidemiology 

Drug resistant tuberculosis (TB) is a major global health risk, 

riving the ongoing TB epidemic and increasing the morbidity 

nd mortality of TB worldwide ( WHO TB report 2021 ). Incom- 

lete and insufficient treatment regimens can lead to antimi- 

robial resistance. Earlier detection requires access to care and 
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apid diagnostic tools, which may be limited in many areas. Once 

ultidrug-resistant TB (MDR-TB) treatment is started adherence 

nd tolerability may be a challenge. Recent evidence suggests 

hat MDR-TB is an important contribution of Post-TB Lung Dis- 

ase (PTLD), which is responsible of disability and suffering of- 

en requiring rehabilitation ( Akkerman et al., 2020r; Migliori et al., 

021 , Menzies et al., 2021 , Allwood et al., 2020 , Hsu et al., 2020;

iberi et al., 2019 , Visca et al., 2020 , Visca et al., 2019 , Muñoz-

orrico et al., 2020, 2016 ). Half of lifetime disability-adjusted 

ife-years (DALYs) caused by incident TB is caused by PTLD 

 Quaife et al., 2020 , Mpagama et al., 2021 , Duarte et al., 2021 ). 
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Concerns exist on the future deterioration of the MDR-TB epi- 

emic given the important stress COVID-19 caused to TB services 

 McQuaid et al., 2021 , Migliori et al., 2021a,b ), resulting in drop of

B case notifications, increased TB deaths ( Motta et al., 2020 ) and 

ecline in TB incidence slowing ( WHO Global tuberculosis report 

021 ). For this reason, the WHO is revising the targets on TB inci-

ence and mortality ( WHO Global tuberculosis report 2021 ). 

Drug resistant TB can be classified further depending on sensi- 

ivity to antimicrobials. TB may be purely rifampicin resistant (RR- 

B), MDR-TB meaning resistance to both isoniazid and rifampicin 

 WHO 2021 ). MDR-TB may develop further resistance to any flu- 

roquinolone, classified as pre-extensively drug-resistant TB (pre- 

DR-TB) ( WHO 2021 ). Finally, extensively drug resistant TB (XDR- 

B) is the most challenging to treat and has resistant to rifampicin, 

lus any fluoroquinolone and one further priority A drug (be- 

aquiline or linezolid) 1 . These highly resistant infections are more 

ifficult to eradicate and carry a worse outcome for those infected. 

In 2020, 71% of people diagnosed with bacteriologically con- 

rmed pulmonary TB were tested for rifampicin resistance, an in- 

rease from 2018 and 2019 figures globally ( WHO Global tubercu- 

osis report 2021 ). The total number of people detected with DR-TB 

ecreased by 22% between 2019 and 2020, with 157, 903 new cases 

f DR-TB detected (132,222 cases of MDR/RR-TB and 25,681 cases 

f pre-XDR-TB or XDR-TB 

). Similarly, there was a significant decline 

n the total number TB case notifications per year between 2019 

nd 2020, falling by 18% (7.1 million to 5.8 million) ( WHO 2021 ). 

The number of people worldwide reported to be enrolled 

nto treatment for MDR/RR-TB has declined by 15% (177,100 and 

50,359 in 2019 and 2020 respectively) ( WHO 2021 ). This reflects 

hat roughly 2 in 3 individuals who develop MDR/RR-TB each year 

re not receiving appropriate treatment ( WHO 2021 ). This may be 

nfluenced not only by antimicrobial resistance, but also availabil- 

ty of drugs, political unrest, and socioeconomic disadvantages in 

any areas. In addition, the fall in these figures reflects the huge 

mpact of COVID-19 in terms of accessing TB services ( WHO 2021 ). 

t is important to improve diagnosis and access to care in those 

ountries most affected. 

In contrast, the treatment success rate for MDR/RR-TB has been 

teadily improving. Globally the success rate has increased from 

0% to 59% between 2012 and 2018 (the most recent data avail- 

ble ( WHO 2021 ). By the end of 2020, 109 countries were us-

ng bedaquiline and 90 countries were using modified regimens 

o improve uptake, such as shorter courses and prolonged oral 

ourses ( WHO 2021 ). Rifampicin resistance (RR) testing is contin- 

ing to increase, with a rate of 93% in the WHO European Region 

 WHO 2021 ). Moreover 18 out of 30 MDR/RR-TB burden countries 

ttained coverage of RR of at least 80% ( WHO 2021 ). Testing for flu-

roquinolone resistance remains significantly lower at around 50% 

orldwide ( WHO 2021 ). 

iagnosing drug resistant Tuberculosis 

M. tuberculosis is slow-growing despite advances in culture, 

henotypic drug susceptibility testing takes weeks to yield a re- 

ult and is not widely available for the newer drugs. Molecu- 

ar testing is increasingly the method of choice for diagnosis and 

ssessment of drug-resistant mutations for TB. Several molecular 

ethods have been developed over the past decade. These in- 

lude the Xpert® MTB/RIF, Ultra, MTB-XDR, BDMax, Line probe 

ssay (LPA), and Loop-mediated isothermal amplification (LAMP) 

 Ciesielczuk et al., 2020 ). All of them have different advantages and 

isadvantages in relation to turnaround time for results, operator 

xpertise required, cost, sensitivity dependent on sample type, and 

rug resistance mutations which can be detected ( Kon, 2021 ). 

While the available molecular tests can provide rapid results 

or some drug-resistance conferring mutations, they are unable to 
2 
over the entire genome and numerous mutations causing resis- 

ance. Importantly, in addition to the available molecular tests pri- 

arily focussing on identification of rifampicin and isoniazid re- 

istance, there are now some tests that also determine fluoro- 

uinolone resistance, a prerequisite for the shorter all oral regimen. 

Whole genome sequencing (WGS) has so far been prohibitive 

n most settings due to the time, cost and expertise it requires, 

ext generation sequencing is promising as it may offer some so- 

utions to WGS. However, newer molecular tests have been devel- 

ped to allow for a targeted amplification step, followed by next 

eneration sequencing of the amplicons. One such assay is Geno- 

creen’s Deeplex® Myc-TB, which provides resistance prediction to 

5 anti-TB drugs, including first and second-line antibiotics, as well 

s the more recently introduced bedaquiline, clofazimine and line- 

olid, with a turnaround time of < 48h. In addition, the targeted 

ene amplification and subsequent sequencing provide genotyping 

ata on the strain of M. tuberculosis present, as well as identifica- 

ion of other mycobacterial species ( GenosScreen Services: Geno- 

creen Deeplex Myc-TB 2022 ). 

Other tests that incorporate a targeted amplification step fol- 

owed by sequencing have also been described recently. Gliddon 

t al. describe targeted isothermal amplification of three regions 

f the M. tuberculosis genome, followed by nanopore sequencing, 

ith excellent sensitivity and specificity for rifampicin and isoni- 

zid resistance. The low cost and fast turnaround time of their 

orkflow may be particularly relevant in resource-limited settings 

 Gliddon et al., 2021 ). 

A study comparing targeted next generation sequencing directly 

rom sputum samples with the currently used methods of drug re- 

istance testing, including phenotypic testing, has made it a suit- 

ble alternative for a range of anti-TB drugs ( Kambli 2021 ). 

From the current developments in the diagnosis and identifica- 

ion of mutations of MDR-TB, it is clear that the molecular methods 

mployed are increasingly focusing on platforms that incorporate 

argeted nucleic acid amplification followed by next generation se- 

uencing. This allows for an increase in mutations which can be 

dentified, while reducing turnaround time and cost of using se- 

uencing to identify mutations conferring antibiotic resistance. 

anagement of DR-TB 

The management of DR-TB has recently been revolutionised by 

ll oral anti-TB drug regimens which are more effective, less toxic, 

equire shorter hospital admissions (if any) and are generally bet- 

er tolerated, these are likely to have improved adherence and 

reatment outcomes. Recent systematic reviews and meta-analyses 

hed further light on safety and effectiveness of new drugs (ref) 

 Hatami et al., 2022; Nasiri et al., 2022 ), on which new evidence

s accumulating ( Furin and Akkerman, 2020; Seung et al., 2020 , 

ambe et al., 2020 , Lachenal et al., 2020 , Ndjeka et al., 2020 ,

achdeva et al., 2020 , Santiago et al., 2020 , Bernal O et al., 2020 ,

absonre et al., 2020 , Edwards CG et al., 2020 , Rutta et al., 2020 ,

urin et al., 2020, Padayatchi et al., 2020 ). Further drug resistance 

nd intolerance to TB drugs may limit the effectiveness of drug 

egimens; together with prior treatment failures, addictions, alco- 

olism, HIV co-infection and comorbidities rendering clinical man- 

gement particularly challenging. DR-TB cases require more time 

nd resources for longer duration of treatment, monitoring and fol- 

ow up, and surgery is not uncommon. 

Unfortunately, resistance to bedaquiline is emerging, and is a 

oncern given the effort s to develop and make this new drug avail- 

ble ( Ghodousi et al., 2021; Sinha et al., 2022 ). A recent study in

oldova reported 15% prevalence of bedaquiline resistance in their 

DR-TB cohort ( Chesov et al., 2021 ). Emerging bedaquiline resis- 

ance is being reported in several countries raising concerns that 

ST and/or regimens are not sufficiently robust to avoid accrual of 
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Table 1 

TB drug development pipeline by study phase and mechanism of action. 
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esistance. New drugs are in clinical development give hope, how- 

ver given long development times and mechanism of action over- 

ap means there is no certainty of success, ( Table 1 ), therefore we

hould reinforce how important it is to use our antimicrobial ar- 

amentarium appropriately for benefit of future generations. 

Good communication with the patient is essential: the diagno- 

is should be given together with all the information about the 

isease and what treatments are available, help with adherence 

nd completing treatment should be offered and patient prefer- 

nces should be taken into account. Contact tracing should be im- 

lemented in all TB cases but especially in DR TB cases once di- 

gnosed. Social issues should be addressed, and patients should 

eceive support for these. All drug resistant cases should be dis- 

ussed at a local, regional or national “consilium” (e.g. the Global 

B Network Consilium) Tiberi et al., 2019 and a monitoring sys- 

em for the frequent and often severe adverse events should be 

mplemented (active Tuberculosis Drug safety monitoring, aDSM) 

 Borisov et al., 2019 ). 

We will outline and discuss the principles for building a DR- 

B regimen based on the latest World Health Organization (WHO) 

ecommendations (WHO consolidated guidelines on tuberculo- 

is. Module 4: treatment - drug-resistant tuberculosis treatment. 

eneva: World Health Organization; 2020 . Licence: CC BY-NC-SA 

.0 IGO. https://www.who.int/publications/i/item/9789240 0 07048 ). 

able 2 shows the new WHO MDR-TB drug classification and steps 

or building a long MDR-TB regimen. 

The treatment of DR-TB requires a drug regimen composed of a 

inimum of 4 drugs to improve efficacy, reduce relapse rates and 

revent further development of resistance. 
3 
For MDR/RR-TB patients i) with no previous exposure to 

econd-line TB drugs > 1 month, and ii) without fluoroquinolone 

esistance on drug susceptibility testing (DST) and iii) who do 

ot have extensive pulmonary TB disease (cavities) or severe 

xtrapulmonary TB (spinal/CNS/miliary), iv) not pregnant, v) 

ge > 6 years the recommended treatment option is the shorter, 

ll-oral, bedaquiline-containing regimen with a 4–6-month inten- 

ive phase of bedquiline (6 months)-levofloxacin/moxifloxacin- 

lofazimine-pyrazinamide-ethambutol-high dose isoniazid- 

thionamide followed by a 5-month continuation phase of 

evofloxacin/moxifloxacin-clofazimine-pyrazinamide and etham- 

utol. As the efficacy, safety and tolerability of the shorter all 

ral regimen are not completely known, any further modification 

hould be performed under strict obligatory operational research 

onditions. 

The intensive phase may be prolonged from 4 to 6 months 

pending sputum smear and culture conversion), however not for 

onger than 6 months. Following documented evidence of conver- 

ion, a continuation phase of a fixed duration of 5 months is rec- 

mmended. All medicines in this regimen should be taken once 

aily, except bedaquiline which is taken every day for the first 2 

eeks followed then thrice weekly for the remaining 22 weeks. 

ery few modifications are permitted (i.e. replacing prothionamide 

ith ethionamide or levofloxacin with moxifloxacin). Levofloxacin 

s generally preferred over moxifloxacin for fewer adverse events 

nd less QTc prolongation. As a significant number of patients will 

evelop adverse events from their DR-TB regimen it is important 

hat all adverse events be accurately recorded and managed by 

DSM ( Borisov 2019 ): this is especially important given the new 

https://www.who.int/publications/i/item/9789240007048
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Table 2 

New WHO MDR-TB drug classification for building a long MDR-TB regimen. 

Priority Drug Groups TB Drug 

Group A: 

Include all three drugs 

levofloxacin OR 

moxifloxacin 

Lfx 

Mfx 

bedaquiline Bdq 

linezolid Lzd 

Group B: 

Add one or both drugs 

clofazimine Cfz 

cycloserine OR 

terizidone 

Cs 

Trd 

Group C: 

Add to complete the regimen and when drugs from Groups A and B cannot be 

used either due to resistance, toxicity or tolerability. 

ethambutol E 

delamanid Dlm 

pyrazinamide Z 

imipenem–cilastatin OR 

meropenem WITH amoxicillin/clavulanate 

Ipm–Cln 

Mpm 

amikacin 

( OR streptomycin) 

Am 

(S) 

ethionamide OR 

prothionamide 

Eto 

Pto 

p -aminosalicylic acid PAS 
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rugs and regimens that have been repurposed or given the accel- 

rated regulatory approvals. 

DR-TB patients with extensive pulmonary disease, severe forms 

f extrapulmonary TB, additional resistance to fluoroquinolones 

r those who have been exposed to treatment with second-line 

edicines for more than 1 month will require an individualised 

onger regimen . The design of this regimen is aided through a pri- 

ritised grouping of drugs recommended by the WHO (see Table), 

sing the following key principle of including at least three Group 

 agents (i.e. bedaquiline, levofloxacin/moxifloxacin and linezolid) 

nd at least one Group B agent (cycloserine/terizidone and/or clo- 

azimine). Of note the American Thoracic Society/European Res- 

iratory Society guidelines recommend a minimum of 5 drugs, 

he difference with the WHO guidelines being related to the 

pecific perspective of high income/low TB incidence countries 

 Migliori et al., IJTLD 2020 ). If through resistance or tolerability a 

egimen cannot be composed of group A or B drugs alone, then 

roup C drugs may be added to the regimen. 

The duration of the individualised longer regimen is 18 months. 

The 6-9 month long bedaquiline, pretonamid and linezolid 

reatment regimen (or BPaL) may be used under operational re- 

earch conditions for MDR/RR-TB/pre-XDR-TB patients who have 

ot had prior exposure to bedaquiline or linezolid (defined as < 2 

eeks). BPaL use requires aDSM as further evidence on efficacy 

nd safety is required before it can be implemented more widely. 

he WHO has however stated that if the design of an effective reg- 

men based on existing recommendations is not possible, then the 

PaL regimen may be considered as a last resort under program- 

atic conditions (outside operational research), with the caveat 

hat the patient would require higher standards of monitoring for 

esponse to treatment and adverse events, as well as existing pro- 

ision of effective patient support ( Migliori et al., IJTLD 2020 ). Clin- 

cal judgment is key taking into consideration expected efficacy, 

afety, patient preference, availability of DST, patient treatment his- 

ory, severity and site of the disease. Again a discussion in a local, 

egional or national consilium is recommended ( Tiberi et al., 2019 ). 

A patient-centred approach should be provided. Patients should 

eceive comprehensive health education, counselling and share de- 

isions regarding their health as well as understand the impor- 

ance of treatment adherence ( WHO 2020 , Nahid 2019 ). Language 

nd cultural barriers should be addressed, provision of accept- 

ble and convenient directly observed or video observed therapy 

VOT) should also be considered. All treatment should be deliv- 

red together with patient-centred care and support, informed 

onsent where necessary, principles of good clinical practice, ac- 
4 
ive TB drug safety monitoring and management, and regular as- 

essments for treatment effectiveness. Patients may require so- 

ial and holistic provision. Treatment adherence interventions like 

ome visits/messages/call and/or digital medication monitor, ma- 

erial support to patient, nutritional and/or psychological support, 

nd drug and alcohol services may be offered to those on TB 

reatment. 

More evidence is emerging on the frequency of PTLD prob- 

ems requiring pulmonary rehabilitation ( Migliori et al., IJTLD 2021 , 

enzies et al., 2021 , Allwood et al., 2020 , Tiberi et al., 2019 ,

isca et al., 2020 , Visca et al., 2019 , Muñoz-Torrico et al., 2020 ).

p to 50% of patients develop post TB-treatment; obstructive, re- 

trictive or mixed-mode functional damages, with reduced effort 

olerance at the 6-minute walking test and hampered quality of 

ife ( Tiberi et al., 2019 , Allwood et al., 2021 , Visca D, et al., 2020 ).

he proportion is up to 90% in MDR-TB patients, due to longer 

reatment, which is more likely to have sub-optimal effectiveness 

ecause of the extensive drug resistant patterns often involved 

 Silva et al., 2022 ). One of the main reasons MDR TB patients have

igher rate of lung damage is due to delayed diagnosis and delayed 

ffective treatment administration. 

Patients with DR-TB should ideally be treated in clinic, and ad- 

ission to hospital if possible avoided ( Migliori et. al.. ERJ 2019 , 

igliori et al., Pulmonology 2021 ). 

onclusion 

DR-TB is a threat and an obstacle to global TB elimination ef- 

orts. It is clear that despite recent effort s we are failing to diag- 

ose and treat 30 0.0 0 0 people a year with this form of TB. More

ttention and investment in diagnostics, pharmaceuticals and TB 

ervices are needed to ramp up detection rates and improve access 

o treatment and better control this pandemic. DST is essential for 

oth shorter and longer regimens and more needs to be done to 

nsure that programmes have timely access to reliable DST. Drug- 

usceptible TB trials are investigating the options to reduce the 

reatment duration down to 4 months, for MDR-TB the research ef- 

orts are devoted to the possibility to reduce it to 6-9 months. New 

HO recommendations are bridging the implementation gap and 

acilitate access to treatment with all oral, shorter, less toxic treat- 

ent regimens. MDR-TB only requires 6-9 months of treatment for 

he majority of cases. BPaL regimen may be used through opera- 

ional research. New drug trials evaluating several combinations of 

rugs and regimens are underway to find the shortest, most effec- 

ive and better tolerated treatments. 



S. Tiberi, N. Utjesanovic, J. Galvin et al. International Journal of Infectious Diseases xxx (xxxx) xxx 

ARTICLE IN PRESS 

JID: IJID [m5G; April 10, 2022;10:11 ] 

A

T

o

e

C

F

E

R

A  

A  

A

B  

B

C  

C

D  

E  

F  

G

G  

G  

H  

H  

K  

K

L  

 

 

 

 

M
 

M  

M

M  

 

 

M

M

T

M  

 

 

M

M

M  

N

 

 

N  

 

 

 

N  

 

P  

 

Q  

 

R

S

S  

 

 

cknowledgements 

This manuscript is part of the scientific activities of the Global 

uberculosis Network (GTN) and belongs to the scientific activities 

f the WHO Collaborating Centre for Tuberculosis and Lung Dis- 

ases, Tradate, ITA-80, 2020-2024- GBM/RC/LDA. 

onflict of Interest 

The authors have no conflicts of interest. 

unding Source 

Not applicable, no funding received. 

thical Approval statement 

Review article, no ethics requested. 

eferences 

kkerman OW, Ter Beek L, Centis R, Maeurer M, Visca D, Muñoz-Torrico M, Tiberi S,

Migliori GB. Rehabilitation, optimized nutritional care, and boosting host inter- 

nal milieu to improve long-term treatment outcomes in tuberculosis patients. 
Int J Infect Dis 2020r;92S:S10–14. doi: 10.1016/j.ijid.2020.01.029 . 

llwood BW , Byrne A , Meghji J , Rachow A , van der Zalm MM , Schoch OD . Post-Tu-
berculosis Lung Disease: Clinical Review of an Under-Recognised Global Chal- 

lenge. Respiration 2021;100(8):751–63 . 
llwood BW , van der Zalm MM , Amaral AFS , Byrne A , Datta S , Egere U , et al . Post–

tuberculosis lung health: perspectives from the First International Symposium. 
Int J Tuberc Lung Dis 2020;24(8):820–8 . 

ernal O , Lopez R , Montoro E , Avedillo P , Westby K , Ghidinelli M . Introduction and

scaling up of new drugs for drug-resistant TB: experiences from the Americas. 
Int J Tuberc Lung Dis 2020;24(10):1058–62 Oct 1 . 

orisov S, Danila E, Maryandyshev A, Dalcolmo M, Miliauskas S, Kuksa L, 
et al. Surveillance of adverse events in the treatment of drug-resistant 

tuberculosis: first global report. Eur Respir J 2019;54(6) Dec 19. 
doi: 10.1183/13993003.01522-2019 . 

hesov E, Chesov D, Maurer FP, Andres S, Utpatel C, Barilar I, Donica A, Reimann M,

Niemann S, Lange C, Crudu V, Heyckendorf J, Merker M. Emergence of 
bedaquiline-resistance in a high-burden country of tuberculosis. Eur Respir J 

2021 Sep 9PMID: 34503982. doi: 10.1183/139930 03.0 0621-2021 . 
iesielczuk H, Kouvas N, North N, Buchanan R, Tiberi S. Evaluation of the BD MAX TM 

MDR-TB assay in a real-world setting for the diagnosis of pulmonary and extra- 
pulmonary TB. Eur J Clin Microbiol Infect Dis 2020;39(7):1321–7 JulEpub 2020 

Feb 20. PMID: 32078067. doi: 10.1007/s10096-020-03847-2 . 

uarte R , Aguiar A , Pinto M , Furtado I , Tiberi S , Lönnroth K , Migliori GB . Differ-
ent disease, same challenges: Social determinants of tuberculosis and COVID-19. 

Pulmonology 2021;27(4):338–44 Jul-Aug . 
dwards CG , Wares DF , Dravniece G , Gebhard A , Tiemersma E , van der Grinten E ,

Gidado M , van Weezenbeek K . Introducing bedaquiline: experiences from the 
Challenge TB Project. Int J Tuberc Lung Dis 2020;24(10):1046–53 Oct 1 . 

urin J , Akkerman OW . Hope rises out of despair: bedaquiline and linezolid for the

treatment of drug-resistant TB. Int J Tuberc Lung Dis 2020;24(10):987–8 Oct 1 . 
enosScreen Services: GenoScreen Deeplex Myc-TB; 2022 . 

hodousi A, Rizvi AH, Khanzada FM, Akhtar N, Ghafoor A, Trovato A, Cirillo DM,
Tahseen S. In vivo Microevolution of Mycobacterium tuberculosis and transient 

emergence of atpE_Ala63Pro mutation during treatment in a pre-XDR TB pa- 
tient. Eur Respir J 2021. doi: 10.1183/13993003.02102-2021 . 

liddon HD , Frampton D , Munsamy V , et al . A Rapid Drug Resistance Genotyping

Workflow for Mycobacterium tuberculosis, Using Targeted Isothermal Amplifi- 
cation and Nanopore Sequencing. Microbiol Spectr 2021;9(3) Dec 22 . 

atami H , Sotgiu G , Bostanghadiri N , Abadi SSD , Mesgarpour B , Goudarzi H ,
Migliori GB , Nasiri MJ . Bedaquiline-containing regimens and multidrug-resistant 

tuberculosis: a systematic review and meta-analysis. JBP 2022;48(6) . 
su D, Irfan M, Jabeen K, Iqbal N, Hasan R, Migliori GB, Zumla A, Visca D, Centis R,

Tiberi S. Post tuberculosis treatment infectious complications. Int J Infect Dis 

2020;92S:S41–5. doi: 10.1016/j.ijid.2020.02.032 . 
ambli P , Ajbani K , Kazi M , et al . Targeted next generation sequencing directly

from sputum for comprehensive genetic information on drug resistant My- 
cobacterium tuberculosis. Tuberculosis (Edinb) 2021;127 Mar . 

on, OM. Tuberculosis in Clinical Practice. Laboratory Diagnostic Techniques. Pages 
221-230. ISBN 978-3-030-75508-9 ISBN 978-3-030-75509-6 (eBook) doi: 10. 

1007/978- 3- 030- 75509- 6 © Springer Nature Switzerland AG 2021. 
achenal N , Hewison C , Mitnick C , Lomtadze N , Coutisson S , Osso E , Ahmed S ,

Leblanc G , Islam S , Atshemyan H , Nair P , Kholikulov B , Aiylchiev S , Zarli K ,

Adnan S , Krisnanda A , Padayachee S , Stambekova A , Sahabutdinova Y , de
Guadalupe S , Moreno P , Kumsa A , Reshid A , Makaka J , Abebe S , Melikyan N ,

Seung KJ , Khan U , Khan P , Huerga H , Rich M , Varaine F . Setting up pharma-
covigilance based on available endTB Project data for bedaquiline. Int J Tuberc 

Lung Dis 2020;24(10):1087–94 Oct 1 . 
5 
cQuaid CF, Vassall A, Cohen T, Fiekert K, White RG. The impact of COVID-19 
on TB: a review of the data. Int J Tuberc Lung Dis 2021;25(6):436–46 Jun 1.

doi: 10.5588/ijtld.21.0148 . 
enzies NA, Quaife M, Allwood BW, Byrne AL, Coussens AK, Harries AD, Marx FM,

Meghji J, Pedrazzoli D, Salomon JA, Sweeney S, van Kampen SC, Wallis RS, 
Houben RMGJ, Cohen T. Lifetime burden of disease due to incident tuberculosis: 

a global reappraisal including post-tuberculosis sequelae. Lancet Glob Health 
2021;9(12):e1679–87. doi: 10.1016/S2214-109X(21)00367-3 . 

igliori GB, Nardell E, Yedilbayev A, D’Ambrosio L, Centis R, Tadolini M, van den 

Boom M, Ehsani S, Sotgiu G, Dara M. Reducing tuberculosis transmission: a 
consensus document from the World Health Organization Regional Office for 

Europe. Eur Respir J 2019;53(6) Jun 5. doi: 10.1183/139930 03.0 0391-2019 . 
igliori GB , Tiberi S , Zumla A , Petersen E , Chakaya JM , Wejse C , Muñoz Tor-

rico M , Duarte R , Alffenaar JW , Schaaf HS , Marais BJ , Cirillo DM , Alagna R , Ren-
don A , Pontali E , Piubello A , Figueroa J , Ferlazzo G , García-Basteiro A , Centis R ,

Visca D , D’Ambrosio L , Sotgiu G members of the Global Tuberculosis Network. 

MDR/XDR-TB management of patients and contacts: Challenges facing the new 

decade. The 2020 clinical update by the Global Tuberculosis Network. Int J In- 

fect Dis 2020;92S:S15–25 Mar . 
igliori GB, Marx FM, Ambrosino N, Zampogna E, Schaaf HS, van der Zalm MM, 

et al. Clinical standards for the assessment, management and rehabilitation 
of post-TB lung disease. Int J Tuberc Lung Dis 2021;25(10):797–813 Oct 1. 

doi: 10.5588/ijtld.21.0425 . 

igliori GB, Thong PM, Alffenaar JW, Denholm J, Tadolini M, Alyaquobi F, Blanc FX, 
Buonsenso D, Cho JG, Codecasa LR, Danila E, Duarte R, García-García JM, 

Gualano G, Rendon A, Silva DR, Souleymane MB, Tham SM, Thomas TA, 
Tiberi S, Udwadia ZF, Goletti D, Centis R, D’Ambrosio L, Sotgiu G, CWM; Ong. 

Global Tuberculosis Network. Gauging the impact of the COVID-19 pandemic 
on tuberculosis services: a global study. Eur Respir J 2021;58(5) Nov 11. 

doi: 10.1183/13993003.01786-2021 . 

B/COVID-19 Global Study Group. Tuberculosis and COVID-19 co- 
infection: description of the global cohort. Eur Respir J 2021 Nov 11. 

doi: 10.1183/13993003.02538-2021 . 
otta I , Centis R , D’Ambrosio L , García-García JM , Goletti D , Gualano G , Lipani F ,

Palmieri F , Sánchez-Montalvá A , Pontali E , Sotgiu G , Spanevello A , Stochino C ,
Tabernero E , Tadolini M , van den Boom M , Villa S , Visca D , Migliori GB . Tuber-

culosis, COVID-19 and migrants: Preliminary analysis of deaths occurring in 69 

patients from two cohorts. Pulmonology 2020;26(4):233–40 . 
pagama SG, Msaji KS, Kaswaga O, Zurba LJ, Mbelele PM, Allwood BW, 

Ngungwa BS, Kisonga RM, Lesosky M, Rylance J, Mortimer K. The burden and 
determinants of post-TB lung disease. Int J Tuberc Lung Dis 2021;25(10):846–

53 Oct 1. doi: 10.5588/ijtld.21.0278 . 
uñoz-Torrico M, Cid-Juárez S, Gochicoa-Rangel L, Torre-Bouscolet L, Salazar- 

Lezama MA, Villarreal-Velarde H, et al. Functional impact of sequelae in 

drug-susceptible and multidrug-resistant tuberculosis. Int J Tuberc Lung Dis 
2020;24(7):700–5. doi: 10.5588/ijtld.19.0809 . 

uñoz-Torrico M , Rendon A , Centis R , D’Ambrosio L , Fuentes Z , Torres-Duque C ,
et al . Is there a rationale for pulmonary rehabilitation following successful 

chemotherapy for tuberculosis? J Bras Pneumol 2016;42(5):374–85 . 
ahid P, Mase SR, Migliori GB, Sotgiu G, Bothamley GH, Brozek JL, Cattamanchi A, 

Cegielski JP, Chen L, Daley CL, Dalton TL, Duarte R, Fregonese F, Horsburgh Jr CR,
Ahmad Khan F, Kheir F, Lan Z, Lardizabal A, Lauzardo M, Mangan JM, Marks SM,

McKenna L, Menzies D, Mitnick CD, Nilsen DM, Parvez F, Peloquin CA, Raftery A, 

Schaaf HS, Shah NS, Starke JR, Wilson JW, Wortham JM, Chorba T, Seaworth B. 
Treatment of Drug-Resistant Tuberculosis. An Official ATS/CDC/ERS/IDSA Clini- 

cal Practice Guideline. Am J Respir Crit Care Med 2019;200(10):e93–e142 Nov 
15Erratum in: Am J Respir Crit Care Med. 2020 Feb 15;201(4):500-501. PMID: 

31729908; PMCID: PMC6 8574 85. doi: 10.1164/rccm.201909-1874ST . 
asiri MJ , Zangiabadian M , Arabpour E , Amini S , Khalili F , Centis R , D’Ambrosio L ,

Denholm JT , Schaaf SH , van den Boom M , Kurhasani X , Dalcolmo MP , Al-Abri S ,

Muhwa C , Alffenaar JW , Akkerman O , Silva DR , Mu ̌noz Torrico M , Seaworth B ,
Pontali E , Saderi L , Tiberi S , Zumla A , Migliori GB , Sotgiu G . Delamanid-con-

taining regimens and multidrug-resistant tuberculosis: A systematic review and 
meta-analysis. IJTLD; 2022 . 

djeka N , Hughes J , Reuter A , Conradie F , Enwerem M , Ferreira H , Ismail N , Kock Y ,
Master I , Meintjes G , Padanilam X , Romero R , Schaaf HS , Riele JT , Maartens G .

Implementing novel regimens for drug-resistant TB in South Africa: what can 

the world learn? Int J Tuberc Lung Dis 2020;24(10):1073–80 Oct 1 . 
adayatchi N , Bionghi N , Osman F , Naidu N , Ndjeka N , Master I , Brust JCM ,

Naidoo K , Ramjee A , O Donnell M . Treatment outcomes in patients with
drug-resistant TB-HIV co-infection treated with bedaquiline and linezolid. Int 

J Tuberc Lung Dis 2020;24(10):1024–31 Oct 1 . 
uaife M , Houben RMGJ , Allwood B , Cohen T , Coussens AK , Harries AD , van

Kampen S , Marx FM , Sweeney S , Wallis RS , Menzies NA . Post-tuberculo-

sis mortality and morbidity:valuing the hidden epidemic. Lancet Respir Med 
2020;8(4):332–3 . 

utta E, Kambili C, Mukadi Y. The Bedaquiline Donation Program: progress and 
lessons learned after 4 years of implementation. Int J Tuberc Lung Dis 

2020;24(10):1039–45 Oct 1PMID: 33126936. doi: 10.5588/ijtld.20.0134 . 
antiago MR , Garfin AMC , Balanag VM . Introduction of bedaquiline for the 

treatment of drug-resistant TB in the Philippines. Int J Tuberc Lung Dis 

2020;24(10):1063–6 Oct 1 . 
achdeva KS , Arora N , Solanki R , Singla R , Sarin R , Bhatnagar A , Khanna A ,

Atahavale A , Shridhar R , Barua SR , Parmar M , Farooq SI , Ramachandran R ,
Alavadi U , Swamickan R , Tonsing J , Patel Y , Singla N . Strengthened capacity

https://doi.org/10.1016/j.ijid.2020.01.029
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0002
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0002
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0002
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0002
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0002
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0002
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0002
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0003
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0003
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0003
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0003
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0003
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0003
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0003
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0003
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0004
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0004
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0004
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0004
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0004
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0004
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0004
https://doi.org/10.1183/13993003.01522-2019
https://doi.org/10.1183/13993003.00621-2021
https://doi.org/10.1007/s10096-020-03847-2
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0008
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0008
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0008
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0008
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0008
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0008
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0008
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0008
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0009
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0009
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0009
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0009
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0009
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0009
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0009
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0009
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0009
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0010
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0010
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0010
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0007a
https://doi.org/10.1183/13993003.02102-2021
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0013
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0013
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0013
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0013
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0013
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0014
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0014
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0014
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0014
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0014
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0014
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0014
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0014
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0014
https://doi.org/10.1016/j.ijid.2020.02.032
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0016
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0016
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0016
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0016
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0016
https://doi.org/10.1007/978-3-030-75509-6
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0018
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0018
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0018
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0018
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0018
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0018
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0018
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0018
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0018
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0018
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0018
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0018
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0018
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0018
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0018
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0018
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0018
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0018
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0018
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0018
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0018
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0018
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0018
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0018
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0018
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0018
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0018
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0018
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0018
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0018
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0018
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0018
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0018
https://doi.org/10.5588/ijtld.21.0148
https://doi.org/10.1016/S2214-109X(21)00367-3
https://doi.org/10.1183/13993003.00391-2019
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0022
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0022
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0022
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0022
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0022
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0022
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0022
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0022
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0022
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0022
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0022
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0022
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0022
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0022
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0022
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0022
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0022
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0022
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0022
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0022
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0022
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0022
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0022
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0022
https://doi.org/10.5588/ijtld.21.0425
https://doi.org/10.1183/13993003.01786-2021
https://doi.org/10.1183/13993003.02538-2021
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0026
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0026
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0026
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0026
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0026
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0026
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0026
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0026
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0026
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0026
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0026
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0026
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0026
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0026
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0026
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0026
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0026
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0026
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0026
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0026
https://doi.org/10.5588/ijtld.21.0278
https://doi.org/10.5588/ijtld.19.0809
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0029
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0029
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0029
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0029
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0029
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0029
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0029
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0029
https://doi.org/10.1164/rccm.201909-1874ST
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0031
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0031
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0031
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0031
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0031
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0031
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0031
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0031
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0031
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0031
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0031
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0031
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0031
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0031
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0031
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0031
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0031
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0031
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0031
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0031
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0031
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0031
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0031
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0031
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0031
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0031
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0032
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0032
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0032
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0032
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0032
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0032
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0032
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0032
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0032
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0032
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0032
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0032
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0032
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0032
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0032
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0032
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0033
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0033
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0033
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0033
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0033
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0033
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0033
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0033
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0033
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0033
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0033
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0034
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0034
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0034
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0034
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0034
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0034
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0034
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0034
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0034
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0034
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0034
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0034
https://doi.org/10.5588/ijtld.20.0134
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0036
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0036
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0036
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0036
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0037
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0037
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0037
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0037
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0037
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0037
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0037
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0037
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0037
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0037
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0037
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0037
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0037
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0037
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0037
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0037
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0037
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0037
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0037


S. Tiberi, N. Utjesanovic, J. Galvin et al. International Journal of Infectious Diseases xxx (xxxx) xxx 

ARTICLE IN PRESS 

JID: IJID [m5G; April 10, 2022;10:11 ] 

S  

 

 

 

 

S  

S  

 

T  

T

 

V  

 

 

V  

V  

V  

W

W

Z  
of India ́s bedaquiline Conditional Access Programme for introducing new drugs 
and regimens. Int J Tuberc Lung Dis 2020;24(10):1067–72 Oct 1 . 

eung KJ , Khan U , Varaine F , Ahmed S , Bastard M , Cloez S , Damtew D , Franke MF ,
Herboczek K , Huerga H , Islam S , Karakozian H , Khachatryan N , Kliesckova J ,

Khan AJ , Khan M , Khan P , Kotrikadze T , Lachenal N , Lecca L , Lenggogeni P ,
Maretbayeva S , Melikyan N , Mesic A , Mitnick CD , Mofolo M , Perrin C , Richard M ,

Tassew YM , Telnov A , Vilbrun SC , Wanjala S , Rich ML , Hewison C . Introducing
new and repurposed TB drugs: the endTB experience. Int J Tuberc Lung Dis 

2020;24(10):1081–6 Oct 1 . 

ilva DR , Freitas AA , Guimarães AR , D’Ambrosio L , Centis R , Muñoz-Torrico M , et al .
Post-tuberculosis lung disease: comparison of Brazilian, Italian, and Mexican co- 

horts. J Bras Pneumol 2022 in press . 
inha A , Nair P , Hn T , Khine Zaw K , Allamuratova S , Azamat I , Mendonca P , Bek-

baev Z , Parpieva N , Singh J , Sitali N , Bermudez-Aza E . Acquired bedaquiline re-
sistance in Karakalpakstan, Uzbekistan: case series. IJTLD; 2022 (in press . 

iberi S, Torrico MM, Rahman A, Krutikov M, Visca D, Silva DR, Kunst H,

Migliori GB. Managing severe tuberculosis and its sequelae: from inten- 
sive care to surgery and rehabilitation. J Bras Pneumol 2019;45(2) Apr 25. 

doi: 10.1590/1806-3713/e20180324 . 
iberi S, Pontali E, Tadolini M, D’Ambrosio L, Migliori GB. Challenging MDR-TB clin- 

ical problems - The case for a new Global TB Consilium supporting the com-
passionate use of new anti-TB drugs. Int J Infect Dis 2019;80S:S68–72 Mar. 

doi: 10.1016/j.ijid.2019.01.040 . 
6 
ambe D , Kay AW , Furin J , Howard AA , Dlamini T , Dlamini N , Shabangu A , Hassen F ,
Masuku S , Maha O , Wawa C , Mafukidze A , Altaye K , Sikhondze W , Gwitima T ,

Keus K , Simelane T , Kerschberger B . Bedaquiline and delamanid result in low
rates of unfavourable outcomes among TB patients in Eswatini. Int J Tuberc 

Lung Dis 2020;24(10):1095–102 Oct 1 . 
isca D, Zampogna E, Sotgiu G, Centis R, Saderi L, D’Ambrosio L, et al. Pulmonary

rehabilitation is effective in patients with tuberculosis pulmonary sequelae. Eur 
Respir J 2019;53(3). doi: 10.1183/13993003.02184-2018 . 

isca D , Centis R , Munoz-Torrico M , Pontali E . Post-tuberculosis sequelae: the need

to look beyond treatment outcome. Int J Tuberc Lung Dis 2020;24:761–2 . 
isca D , Centis R , D’Ambrosio L , Muñoz-Torrico M , Chakaya JM , Tiberi S , et al . The

need for pulmonary rehabilitation following tuberculosis treatment. Int J Tuberc 
Lung Dis 2020;24(7):720–2 . 

HO consolidated guidelines on tuberculosis. Module 4: treatment - drug-resistant 
tuberculosis treatment. Geneva: World Health Organization; 2020 Licence: CC 

BY-NC-SA 3.0 IGO . 

HO. Global tuberculosis report 2021. Geneva: World Health Organization; 2021 
Licence: CC BY-NC-SA 3.0 IGO . 

absonre I , Thi SS , Cox V . Overcoming barriers to the access and uptake of newer
drugs for multidrug-resistant TB. Int J Tuberc Lung Dis 2020;24(10):1054–7 Oct 

1 . 

http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0037
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0038
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0038
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0038
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0038
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0038
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0038
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0038
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0038
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0038
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0038
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0038
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0038
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0038
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0038
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0038
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0038
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0038
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0038
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0038
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0038
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0038
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0038
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0038
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0038
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0038
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0038
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0038
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0038
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0038
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0038
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0038
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0038
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0038
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0038
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0038
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0039
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0039
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0039
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0039
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0039
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0039
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0039
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0039
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0040
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0040
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0040
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0040
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0040
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0040
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0040
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0040
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0040
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0040
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0040
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0040
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0040
https://doi.org/10.1590/1806-3713/e20180324
https://doi.org/10.1016/j.ijid.2019.01.040
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0043
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0043
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0043
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0043
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0043
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0043
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0043
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0043
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0043
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0043
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0043
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0043
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0043
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0043
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0043
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0043
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0043
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0043
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0043
https://doi.org/10.1183/13993003.02184-2018
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0045
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0045
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0045
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0045
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0045
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0046
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0046
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0046
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0046
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0046
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0046
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0046
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0046
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0047
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0048
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0049
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0049
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0049
http://refhub.elsevier.com/S1201-9712(22)00165-5/sbref0049

	Drug resistant TB - latest developments in epidemiology, diagnostics and management
	Introduction, Background and Epidemiology
	Diagnosing drug resistant Tuberculosis
	Management of DR-TB
	Conclusion
	Acknowledgements
	Conflict of Interest
	Funding Source
	Ethical Approval statement
	References


