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Background 

In 2019, an estimated 10 million individuals fell ill with tuberculosis (TB) and 3 million of them were not 
reported to have been diagnosed and notified.1 The gap is proportionately even wider for drug-resistant TB. 
Of the estimated 465 000 patients with rifampicin-resistant and multi-drug resistant TB (RR/MDR-TB), only 
206 030 (44%) were diagnosed and notified. For the first time, the World Health Organization (WHO) has 
provided global estimates of the incidence of isoniazid resistance: in 2019, there were 1.4 million incident 
cases of isoniazid-resistant TB, of which 1.1 million were susceptible to rifampicin.1 Most of these people 
were not diagnosed with drug-resistant TB and did not receive appropriate treatment.  

To end the global TB epidemic by 2030, there is an ongoing need to scale-up capacity to test larger numbers 
of specimens. Molecular platforms that allow high throughput and can accommodate multiple disease-
specific tests to diagnose a variety of health conditions represent an important development. Such 
platforms can significantly improve system efficiency, reduce costs, increase patient access, and ultimately 
improve quality of care.2  

Among people with TB and rifampicin-resistant TB, additional testing for resistance to at least isoniazid and 
fluoroquinolones respectively, should be performed promptly to guide treatment decisions. WHO currently 
recommends using commercially available molecular line probe assays as the initial test to detect resistance 
to fluoroquinolones for people with rifampicin resistant TB.3 Nevertheless, more automated, accessible, 
accurate diagnostics for the detection of resistance to first- and second-line anti-TB drugs are urgently 
needed. Monitoring of resistance to pyrazinamide, another important antibiotic for the treatment of both 
drug-susceptible and drug-resistant TB, remains very limited. 4, 5  

In 2020, WHO commissioned a systematic review of published and unpublished data on three classes of 
nucleic acid amplification tests (NAATs) not previously reviewed by WHO. The systematic review included 
data on diagnostic accuracy, economic information, and qualitative evidence on feasibility, acceptability, 
equity, end-user values and preferences. A Guideline Development Group (GDG) was convened by WHO on 
7-18 December 2020 to discuss the findings of the systematic reviews and to make recommendations on
these three classes of technologies.

The three classes of technologies that were evaluated include: 

• Moderate complexity automated NAATs for detection of TB and resistance to rifampicin and
isoniazid;

• Low complexity automated NAATs for detection of resistance to isoniazid and second-line anti-TB
agents;

• High complexity hybridization-based NAATs for detection of resistance to pyrazinamide.

1 World Health Organisation 2020. Global Tuberculosis Report 2020 WHO/HTM/TB/2020.22 
2 Information note. Global TB Programme and Department of HIV/AIDS. Considerations for adoption and use of multidisease

testing devices in integrated laboratory networks. 

3 WHO consolidated guidelines on tuberculosis. Module 3: diagnosis – rapid diagnostics for tuberculosis detection. Geneva: World 
Health Organization; 2020 
4 Whitfield MG, Soeters HM, Warren RM et al. A Global Perspective on Pyrazinamide Resistance: Systematic Review and Meta-
Analysis. PLoS One 2015; 10: e0133869. 
5 Chang KC, Yew WW, Zhang Y. Pyrazinamide Susceptibility Testing in Mycobacterium tuberculosis: a Systematic Review with 
Meta-Analyses. Antimicrob Agents Chemother 2011; 55: 4499-505. 

https://www.who.int/tb/publications/2017/considerations_multidisease_testing_devices_2017/en/
https://www.who.int/tb/publications/2017/considerations_multidisease_testing_devices_2017/en/
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The WHO assessment process for TB diagnostics has evolved into a mechanism which focuses on the 

evaluation of classes of TB diagnostic technologies rather than of specific products.  The above-mentioned 

classes of technologies were defined for the purpose of this guidelines update. The classes are defined by 

the type of technology (e.g. automated/hybridization-based NAATs), the complexity of the test for 

implementation (e.g. low, moderate and high - considering the requirements of infrastructure, equipment 

and technical skills), and the target conditions (TB, resistance to first-line and/ or second-line drugs). The 

level of complexity is only one of the elements that should be considered to guide implementation. Other 

important elements include, but are not limited to, diagnostic accuracy, the epidemiological and 

geographical setting, operational aspects (turnaround times, throughput, existing infrastructure and 

specimen referral networks), economic aspects, and, finally, qualitative aspects on acceptability, equity, 

end-user values and preferences.  

Table 1. Classes of technologies and associated products evaluated 

Technology Class Products included in evaluation 

Moderate complexity automated 
NAATs for detection of TB and 
resistance to rifampicin and isoniazid  

Abbott RealTime MTB and Abbott RealTime MTB RIF/INH 
(Abbott) 
FluoroType MTBDR and FluoroType MTB (Hain Lifescience) 
BD MAX™ MDR-TB (Becton Dickinson) 
cobas MTB and cobas MTB-RIF/INH (Roche) 

Low complexity automated NAATs for 
detection of resistance to isoniazid 
and second-line anti-TB agents  

Xpert MTB/XDR (Cepheid) 

High complexity hybridization-based 
NAATs for detection of resistance to 
pyrazinamide 

Genoscholar PZA-TB II (Nipro) 

The objectives of the meeting were to: 

• assess the available data on diagnostic accuracy (sensitivity and specificity) of three classes of
technologies for diagnosis of active pulmonary TB and detection of drug resistance in adults and
children with signs and symptoms of TB

• assess the available data related to the impact of these three classes of technologies on patient
important outcomes, including cure, mortality, time to diagnosis and time to treatment initiation.

• assess the available qualitative data on feasibility, acceptability, equity and end-user values related
to implementation of these three classes of technologies

• assess the available economic data on affordability, cost, and cost-effectiveness on implementation
of these three classes of technologies to assist in the diagnosis of TB and detection of resistance to
anti-TB drugs

• determine questions for future research and issues to be addressed by WHO in future policy
recommendations.

This Rapid Communication aims to inform national TB programmes and other stakeholders about the key 
findings and considerations on the use of specific molecular assays as diagnostic tests for detection of TB 
and drug-resistant TB, following the assessment of new evidence.  
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Detailed recommendations will be presented in the 2021 update of the WHO consolidated guidelines on 
tuberculosis. Module 3: diagnosis – rapid diagnostics for tuberculosis detection.  

Key findings 

Moderate complexity automated NAATs for the detection of TB, rifampicin and isoniazid 
resistance on respiratory samples were found to be highly accurate 

Intervention: Moderate complexity automated NAATs performed on respiratory samples from people with 
signs and symptoms of pulmonary TB for detection of TB and resistance to isoniazid and rifampicin, 
compared with culture and phenotypic drug susceptibility testing (DST).  

Data assessed: 32 studies involving 16,726 samples. 

Results: High diagnostic accuracy of moderate complexity automated NAATs was confirmed in people with 
signs and symptoms of pulmonary TB. Overall pooled sensitivity (95% CI) for TB detection was 93.0% (90.9 
to 94.7) and specificity was 97.7% (95.6 to 98.8). Overall pooled sensitivity (95% CI) for rifampicin resistance 
detection was 96.7% (93.1 to 98.4) and specificity was 98.9% (97.5 to 99.5). Overall pooled sensitivity (95% 
CI) for isoniazid resistance detection was 86.4% (82.8 to 89.3) and specificity was 99.2% (98.1 to 99.7).
Culture and phenotypic DST were used as the reference standard.

Low complexity automated NAATs for the detection of resistance to isoniazid, 
fluoroquinolones, ethionamide and amikacin in sputum were found to be highly accurate 

Intervention: Low complexity automated NAATs performed on sputum from people with microbiologically 
diagnosed pulmonary TB, for detection of resistance to isoniazid, fluoroquinolones, ethionamide and 
amikacin, compared with phenotypic DST (for detection of resistance to isoniazid, fluoroquinolones and 
amikacin) or compared with gene sequencing of inhA promoter region (for detection of resistance to 
ethionamide).   

Data assessed: 3 studies involving 1,605 participants. 

Results: High diagnostic accuracy of low complexity automated NAATs was confirmed in people with 
microbiologically diagnosed pulmonary TB, Overall pooled sensitivity (95% CI) for isoniazid resistance 
detection was 94.2% (89.3 to 97.0) and specificity was 98.0% (95.2 to 99.2). Overall pooled sensitivity (95% 
CI) for fluoroquinolone resistance detection was 93.1% (88.0 to 96.1) and specificity was 98.3% (94.5 to
99.5). Overall pooled sensitivity (95% CI) for amikacin resistance detection was 89.1% (80.9 to 94.1) and
specificity was 99.5% (96.9 to 99.9). Phenotypic DST was used as the reference standard for the three above-
mentioned estimates. Overall sensitivity (95% CI) for ethionamide resistance detection was 96.4% (92.2 to
98.3) and specificity was 100.0% (82.5 to 100.0). Gene sequencing of inhA promoter region was used as the
reference standard for ethionamide resistance detection.

High complexity hybridization-based NAATs for the detection of pyrazinamide resistance in 
M. tuberculosis isolates were found to be highly accurate

Intervention: Hybridization-based NAATs performed in isolates retrieved from patients with 
bacteriologically confirmed pulmonary TB, for detection of resistance to pyrazinamide compared with 
phenotypic DST.  
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Data assessed: 7 studies involving 964 participants. 

Results: High diagnostic accuracy of high complexity hybridization-based NAATs was confirmed on isolates 
retrieved from patients with bacteriologically confirmed PTB. Overall pooled sensitivity (95% CI) for 
pyrazinamide resistance detection was 81.2% (75.4 to 85.8) and specificity was 97.8% (96.5 to 98.6). 
Phenotypic DST was used as the reference standard. 

Overall conclusions 

Available evidence supports the use of: (i) moderate complexity automated NAATs for the detection of TB 
and resistance to rifampicin and isoniazid; (ii) low complexity automated NAATs for the detection of 
resistance to isoniazid and second-line anti-TB agents; and (iii)  high complexity hybridization-based NAATs 
for the detection of resistance to pyrazinamide. These findings were based on evaluation of data for the 
assays that met the class definition (Table 1). Extrapolation to other brand-specific tests cannot be made 
and any new in-class technologies will need to be specifically evaluated by WHO. 

Next steps 

• The updated policy guidelines on NAATs to detect TB and drug-resistant TB will be released later in
2021, as part of the 2021 update of the WHO consolidated guidelines on tuberculosis. Module 3:
diagnosis – rapid diagnostics for tuberculosis detection. The summary of findings and the evidence to
decision tables will be produced in conformity with the GRADE method and made available on the WHO
Global TB Programme website.

• The release of the updated guidelines will be accompanied by updated operational guidance in the 2021
update of the WHO operational handbook on tuberculosis. Module 3: diagnosis – rapid diagnostics for
tuberculosis detection.

• The release of the new guidance will be followed by a series of WHO webinars for different regions to
disseminate the new guidelines. The new diagnostics policies will also be included in an online
knowledge sharing platform that the Global TB Programme will launch in early 2021. This will provide
easy access to the guidelines, implementation aids and eLearning tools, all in one place. The webinars
and the platform will support countries to update their national guidelines, train staff, inform
programme budgets and facilitate rapid transition to more effective interventions. National TB
programmes and other stakeholders are encouraged to seek advice from WHO before introducing the
new technologies being recommended in the revised guidelines.
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