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Background
Multidrug-resistant tuberculosis (MDR-TB), defined as Mycobacterium tuberculosis with resistance to at least
isoniazid and rifampicin [1], emerged as a threat to tuberculosis (TB) control worldwide in the 1990s [2].
This form of TB required the use of second-line drugs that were less effective, more toxic and costlier than
first-line isoniazid- and rifampicin-based regimens. MDR-TB was one of the first infectious conditions to
alert national authorities worldwide to the importance of antimicrobial resistance as a public health
challenge of the future, further emphasised by outbreaks of MDR-TB in the USA and Europe [3–5].
Recognising the global importance of this emerging problem, the World Health Organization (WHO)
released its first guidelines on the management of drug-resistant TB in 1996 and has updated them regularly
since [1, 6].

In 2004–2005, concerns about the existence of MDR-TB with additional drug resistance prompted the US
Centers for Disease Control and Prevention (CDC) and WHO to carry out a survey of laboratories that
were then part of the TB Supranational Reference Laboratory Network [7]. The survey concluded in
March 2006 [8] with a worrying result that about 2% of all MDR-TB strains (estimated to represent about
20000 cases worldwide) were exhibiting resistance to second-line drugs, in addition to resistance to
rifampicin and isoniazid [8]. A complementary study of population-based data on the drug susceptibility
patterns of TB isolates from three countries showed even higher proportions of additional resistance in
MDR-TB patients: Latvia (19%), the Republic of Korea (15%) and the USA (4%) [8]. For the first time,
these studies defined extensively drug-resistant TB (XDR-TB) as TB caused by M. tuberculosis strains
resistant to isoniazid and rifampicin, and at least three of the six main classes of second-line drugs (e.g.
aminoglycosides, polypeptides, fluoroquinolones, thioamides, cycloserine and p-aminosalicylic acid) [8, 9].

In 2006, an outbreak of XDR-TB in people coinfected with HIV around a rural hospital in Tugela Ferry
(KwaZulu-Natal Province, South Africa) [10] received widespread international attention [11]. The
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outbreak highlighted the high case fatality associated with XDR-TB in this setting, and the possibility of
transmission of drug-resistant forms of TB among people with weakened immunity in the absence of
effective treatment [10].

In response, an expert consultation meeting was jointly organised by the South African Medical Research
Council, WHO and the US CDC in September 2006 [12]. The outcome of this meeting was the
development of a series of steps and a plan of action designed to limit the impact of MDR-TB and
XDR-TB globally [13]. Then, in October 2006, the WHO organised a meeting of the Global Task Force on
XDR-TB in response to the XDR-TB emergency and as a follow-up to the expert consultation [14]. The
task force concluded with a revised XDR-TB definition, which has been in use since that time for both
surveillance and clinical purposes (table 1) [13]. In addition, a related definition of pre-XDR-TB,
characterised as MDR-TB plus resistance to a fluoroquinolone or a second line injectable agent, has been
in use in the scientific literature [15].

The need to revise the definition of XDR-TB
New tests to diagnose MDR- or rifampicin-resistant TB (RR-TB), as well as the medicines and regimens
used to treat it, have been developed during the last decade [16, 17]. In 2018, WHO recommended to
remove two injectable agents, kanamycin and capreomycin, from the list of medicines for the treatment of
MDR/RR-TB [18]. The injectable agent amikacin was deprioritised for use in longer regimens but
remained as part of the standardised shorter regimen [18]. In 2020, WHO moved to recommend an
all-oral shorter regimen to treat MDR/RR-TB, resulting in a phasing out of the use of injectable drugs in
both the longer and shorter regimens [1]. In particular, injectable agents are no longer recommended as
part of the shorter regimen, which is now an all-oral bedaquiline-containing regimen and has largely been
standardised [1]. In the priority classification of second-line drugs recommended when designing
individualised longer regimens, injectable agents (amikacin and streptomycin) have been deprioritised to
group C [1].

Given these developments, it had become clear that the 2006 definition of XDR-TB, which was based on
resistance to fluoroquinolones and the second line injectable agents in addition to MDR-TB, has only
partially retained its value and relevance [19]. Resistance to fluoroquinolones is linked to a reduction in
favourable treatment outcomes [20], and leads to an important choice between the shorter and longer
WHO-recommended regimens, or a significant modification in the design of the longer regimen. The
second-line injectable agents have lost their priority ranking over the past decade, having been replaced by
other, more effective oral agents for the treatment of MDR/RR-TB that could cause fewer adverse events
and less inconvenience [21–23].

In addition, resistance to two important priority medicines, namely bedaquiline and linezolid, is currently
rare as these drugs have only recently been introduced to treat TB; however, resistance is being reported
from multiple countries [24, 25]. This resistance is not reflected in the existing XDR-TB definition.

WHO-convened consultation to review the definition of XDR-TB
In October 2020, the WHO Global TB Programme convened an online expert consultation meeting on the
definition of XDR-TB [26]. Approximately 70 participants attended the meeting, representing clinicians,
researchers, laboratory specialists, public health specialists and community representatives from member
states, bilateral and multilateral agencies, international organisations, nongovernmental organisations, civil
society and academia.

The meeting objectives were to determine how recent changes in treatment regimens and diagnostics for
drug-resistant TB affect the definition of XDR-TB and discuss a proposal for a new definition that has
global application, and that can be used for surveillance, programmatic and clinical purposes [26].

Materials shared with and presented to the meeting participants included a detailed concept note, current
data on the epidemiology of MDR/RR-TB and XDR-TB, current WHO recommendations on TB
diagnostics and treatment, and the results of a study that used an individual patient dataset to assess
whether the existing definitions of MDR/RR-TB and XDR-TB, and the informal pre-XDR-TB definition,

TABLE 1 Pre-2021 definition of XDR-TB, formulated in 2006 [13]

XDR-TB: TB that is resistant to any fluoroquinolone and to at least one of three second-line injectable
drugs (capreomycin, kanamycin and amikacin), in addition to multidrug resistance

TB: tuberculosis; XDR-TB: extensively drug-resistant TB.
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remain adequate to identify different levels of disease severity or clinical management, in view of the
recent changes in WHO recommendations [26].

Participants noted the lowered priority of the second-line injectable agents and the importance of the
fluoroquinolones (e.g. levofloxacin and moxifloxacin), bedaquiline and linezolid (e.g. group A drugs), and
their implications in designing MDR-TB treatment regimens. The utility of having a formal definition of
pre-XDR-TB was also discussed during the consultation. Several strategic and operational issues that were
important when thinking about a revised definition of XDR-TB were considered [27]. Among these issues
were the use of regimens that contain group A drugs; current and future availability of drug susceptibility
testing (DST); the role of the XDR-TB definition in advocacy and communication; the potential stigma for
patients detected with XDR-TB; clinical decision-making (which is informed by DST); surveillance; and
other programmatic considerations.

Meeting participants discussed some overarching principles that could guide the development of a revised
definition of XDR-TB, making it: simple, measurable, relevant to national TB programmes, including for
surveillance and clinical management; and future-proof (i.e. able to be used for a certain period of time
despite expected changes in drug use and regimen composition) [26].

Based on the discussions, bearing the principles in mind, and recognising the current strategic and
operational issues, the meeting concluded with WHO proposing a definition of pre-XDR-TB as well as a
revised definition of XDR-TB. The definition of MDR-TB will remain the same and is: TB caused by
M. tuberculosis strains that are resistant to at least both rifampicin and isoniazid [16]. As well, the
definition of rifampicin resistance remains as: TB caused by M. tuberculosis strains resistant to rifampicin
[16]. These strains may be susceptible or resistant to isoniazid (i.e. MDR-TB), or resistant to other
first-line or second-line TB medicines. In WHO guidelines and reports, MDR-TB and RR-TB cases are
often grouped together as MDR/RR-TB and are eligible for treatment with MDR-TB regimens [16].

The new definitions of pre-XDR-TB and XDR-TB are shown in table 2.

Next steps
WHO implemented the new definitions of pre-XDR- and XDR-TB as of January 2021. National TB
programmes will need to update their laboratory and surveillance systems to accommodate the new
definitions. Updated surveillance systems will allow countries to monitor the situation regarding evolving
drug resistance in their contexts, as well as reporting of pre-XDR-TB and XDR-TB to WHO on an annual
basis. As second-line line probe assays are available in many countries for fluoroquinolone DST [28],
undertaking surveillance for pre-XDR-TB is not expected to pose new obstacles. However, the changes
required for the definition of XDR-TB are more complex, requiring a scale-up of laboratory capacity to
perform DST for bedaquiline and linezolid, which will likely be based on phenotypic DST initially, as
genotypic testing is currently hampered by the limited understanding of the molecular basis of resistance
to these drugs. Therefore, these new definitions should trigger a scale up of diagnostic services for
drug-resistant TB, particularly for the fluoroquinolones and the group A drugs, but eventually for other
second-line drugs. Clinicians, TB programme managers and other stakeholders responsible for treating
patients with drug-resistant TB should be made aware of these new definitions and their implications for
treatment, surveillance and reporting. The overall aim should be the appropriate treatment of patients to
maximise the chance of cure. All of these actions require renewed efforts from the research and
development sector, academia, funding agencies, national TB programmes and technical partners, and will
ultimately aim to improve the diagnosis and treatment of patients with drug-resistant TB.

TABLE 2 The new definition of pre-XDR-TB and the revised definition of XDR-TB, effective
from January 2021

Pre-XDR-TB: TB caused by Mycobacterium tuberculosis (M. tuberculosis) strains that fulfil the definition of
MDR/RR-TB and that are also resistant to any fluoroquinolone#

XDR-TB: TB caused by Mycobacterium tuberculosis (M. tuberculosis) strains that fulfil the definition of MDR/
RR-TB and that are also resistant to any fluoroquinolone# and at least one additional group A drug¶

TB: tuberculosis; MDR/RR-TB: multidrug-resistant or rifampicin-resistant TB; XDR-TB: extensively
drug-resistant TB. #: the fluoroquinolones include levofloxacin and moxifloxacin, because these are the
fluoroquinolones currently recommended by the World Health Organization for inclusion in shorter and
longer regimens; ¶: the group A drugs are currently levofloxacin or moxifloxacin, bedaquiline and
linezolid; therefore, XDR-TB is MDR/RR-TB that is resistant to a fluoroquinolone and either bedaquiline or
linezolid (or both). The group A drugs may change in the future; therefore, the terminology “group A” is
appropriate here and will apply to any group A drugs in the future.

https://doi.org/10.1183/13993003.00361-2021 3

TUBERCULOSIS | K. VINEY ET AL.



Acknowledgements: We would like to acknowledge and thank the two co-chairs of this meeting, Mario Raviglione and
Jeremiah Chakaya, as well as the numerous experts who attended the meeting and who contributed to the discussions.
The meeting participants were: Charles Daley, Anneke Hesseling, Carole Mitnick, Zarir Udwadia, Christoph Lange,
Giovanni Battista Migliori, Mario Raviglione, Olivia Keiser, Janne Estill, Simon Tiberi, Francesca Conradie, Keertan
Dheda, Jonathon Campbell, Norbert Ndjeka, Irina Vasilyeva, Yuhong Liu, Kuldeep Sachdeva, Julia Rios, Tutik Kusmiati,
Alena Skrahina, Thandar Hmun, Lucica Ditiu, Morten Ruhwald, Cathy Hewison, Agnes Gebhard, Kobto Koura,
Draurio Barreira, Mohammed Yassin, Marlena Kaczmarek, Mukadi Ya Diul, Charles Wells, Mel Spigelman, Daniela
Cirillo, Harald Hoffmann, Dissou Affolabi, Moses Joloba, Rumina Hassan, Vithal Prasad Myneedu, Renzong Li, Diana
Vakhrusheva, Lindsay McKenna, Jamilya Ismoilova, Angela Starks, Heather Alexander, Sarabjit Chadha and Jeremiah
Chakaya Muhwa. In addition, we thank the WHO staff who attended this meeting: Tauhid Islam, Mukta Sharma,
Vineet Bhatia, Askar Yedilbayev, Rafael Lopez Olarte, Muhammad Akhtar, Jean Louis Abena Foe, Michel Gasana,
Tereza Kasaeva, Matteo Zignol, Fuad Mirzayev, Medea Gegia, Linh Nguyen, Kerri Viney, Dennis Falzon, Ernesto
Jaramillo, Nazir Ismail, Philippe Glaziou, Anna Dean, Marek Lalli, Marie-Christine Bartens, Nick Argent, Kitty van
Weezenbeek, Olga Tosas Auguet and Kyung Hyun Oh.

Conflict of interest: None declared.

Support statement: This work was supported by the World Health Organization. Funding information for this article
has been deposited with the Crossref Funder Registry.

References
1 Mirzayev F, Viney K, Linh N, et al. World Health Organization treatment guidelines for drug-resistant

tuberculosis, 2020 update. Eur Respir J 2020; in press [https://doi.org/10.1183/13993003.03300-2020].
2 Reichman L, Hopkins Tanne J. Timebomb: The Global Epidemic of Multi-drug Resistant Tuberculosis. New York

City, McGraw-Hill, 2001.
3 Review on Antimicrobial Resistance. Tackling Drug Resistant Infections Globally: Final Report and

Recommendations. London, Government of the United Kingdom, 2016. Available from https://amr-review.org
4 Centers for Disease Control and Prevention. Nosocomial transmission of multidrug-resistant tuberculosis among

HIV-infected persons--Florida and New York, 1988-1991. MMWR Morb Mortal Wkly Rep 1991; 40: 585–591.
5 Zignol M, Dean AS, Falzon D, et al. Twenty years of global surveillance of antituberculosis-drug resistance. N Engl

J Med 2016; 375: 1081–1089.
6 World Health Organization. Guidelines for the Management of Drug-resistant Tuberculosis (WHO/TB/96.210

(Rev.1)). Geneva, World Health Organization, 1997. Available from https://apps.who.int/iris/handle/10665/63465
7 World Health Organization. WHO TB Supranational Reference Laboratory Network: TB Diagnostics and

Laboratory Strengthening. Geneva, World Health Organization, 2020. Available from www.who.int/tb/
areas-of-work/laboratory/srl-network/en/.

8 Centers for Disease Control and Prevention (CDC). Emergence of Mycobacterium tuberculosis with extensive
resistance to second-line drugs--worldwide, 2000–2004. MMWR Morb Mortal Wkly Rep 2006; 55: 301–305.

9 Shah NS, Wright A, Bai GH, et al. Worldwide emergence of extensively drug-resistant tuberculosis. Emerg Infect
Dis 2007; 13: 380–387.

10 Gandhi NR, Moll A, Sturm AW, et al. Extensively drug-resistant tuberculosis as a cause of death in patients
co-infected with tuberculosis and HIV in a rural area of South Africa. Lancet 2006; 368: 1575–1580.

11 Cooke GS, Beaton RK, Lessells RJ, et al. International spread of MDR TB from Tugela ferry, South Africa. Emerg
Infect Dis 2011; 17: 2035–2037.

12 World Health Organization. Addressing the threat of tuberculosis caused by extensively drug-resistant
Mycobacterium tuberculosis. Wkly Epidemiol Rec 2006; 41: 386–390.

13 World Health Organization. Report of the Meeting of the WHO Global Taskforce on XDR-TB. Geneva, World
Health Organization, 2006.

14 World Health Organization. WHO Global Task Force Outlines Measures to Combat XDR-TB Worldwide. www.
who.int/mediacentre/news/notes/2006/np29/en/ Date last accessed: 11 Dec 2020.

15 Dheda K, Gumbo T, Maartens G, et al. The epidemiology, pathogenesis, transmission, diagnosis, and management
of multidrug-resistant, extensively drug-resistant, and incurable tuberculosis. Lancet Respir Med 2017; 5: 291–360.

16 World Health Organization. WHO Consolidated Guidelines on Tuberculosis, Module 4: Treatment – Drug
Resistant Tuberculosis Treatment. Geneva, World Health Organization, 2020. Available from www.who.int/tb/
publications/global_report/en/

17 World Health Organization. WHO Consolidated Guidelines on Tuberculosis Module 3: Diagnosis – Rapid
Diagnostics for Tuberculosis Detection. Geneva, World Health Organization, 2020.

18 World Health Organization. WHO Consolidated Guidelines on Drug-resistant Tuberculosis Treatment. Geneva,
World Health Organization, 2019.

19 Migliori GB, Global Tuberculosis Network. Evolution of programmatic definitions used in tuberculosis prevention
and care. Clin Infect Dis 2019; 68: 1787–1789.

20 Falzon D, Gandhi N, Migliori GB, et al. Resistance to fluoroquinolones and second-line injectable drugs: impact
on multidrug-resistant TB outcomes. Eur Respir J 2013; 42: 156–168.

21 Lan Z, Ahmad N, Baghaei P, et al. Drug-associated adverse events in the treatment of multidrug-resistant
tuberculosis: an individual patient data meta-analysis. Lancet Respir Med 2020; 8: 383–394.

22 Olayanju O, Limberis J, Esmail A, et al. Long-term bedaquiline-related treatment outcomes in patients with
extensively drug-resistant tuberculosis from South Africa. Eur Respir J 2018; 51: 1800544.

23 Borisov S, Danila E, Maryandyshev A, et al. Surveillance of adverse events in the treatment of drug-resistant
tuberculosis: first global report. Eur Respir J 2019; 54: 1901522.

24 Nguyen TVA, Anthony RM, Bañuls A-L, et al. Bedaquiline resistance: its emergence, mechanism, and prevention.
Clin Infect Dis 2018; 66: 1625–1630.

25 Zimenkov DV, Nosova EY, Kulagina EV, et al. Examination of bedaquiline-and linezolid-resistant Mycobacterium
tuberculosis isolates from the Moscow region. J Antimicrob Chemother 2017; 72: 1901–1906.

https://doi.org/10.1183/13993003.00361-2021 4

TUBERCULOSIS | K. VINEY ET AL.

https://www.crossref.org/services/funder-registry/
https://doi.org/10.1183/13993003.03300-2020
https://doi.org/10.1183/13993003.03300-2020
https://doi.org/10.1183/13993003.03300-2020
https://amr-review.org
https://amr-review.org
https://amr-review.org
https://apps.who.int/iris/handle/10665/63465
https://apps.who.int/iris/handle/10665/63465
http://www.who.int/tb/areas-of-work/laboratory/srl-network/en/
http://www.who.int/tb/areas-of-work/laboratory/srl-network/en/
http://www.who.int/tb/areas-of-work/laboratory/srl-network/en/
http://www.who.int/tb/areas-of-work/laboratory/srl-network/en/
http://www.who.int/tb/areas-of-work/laboratory/srl-network/en/
http://www.who.int/mediacentre/news/notes/2006/np29/en/
http://www.who.int/mediacentre/news/notes/2006/np29/en/
http://www.who.int/tb/publications/global_report/en/
http://www.who.int/tb/publications/global_report/en/


26 World Health Organization. Meeting Report of the WHO Expert Consultation on the Definition of Extensively
Drug Resistant Tuberculosis. Geneva, World Health Organization, 2021.

27 Avaliani Z, Gozalov O, Kuchukhidze G, et al. What is behind programmatic treatment outcome definitions for
tuberculosis? Eur Respir J 2020; 56: 2001751.

28 World Health Organization. Global Tuberculosis Report 2020. Geneva, World Health Organization, 2020.

https://doi.org/10.1183/13993003.00361-2021 5

TUBERCULOSIS | K. VINEY ET AL.


	New definitions of pre-extensively and extensively drug-resistant tuberculosis: update from the World Health Organization
	Background
	The need to revise the definition of XDR-TB
	WHO-convened consultation to review the definition of XDR-TB
	Next steps
	References


