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Executive summary

Background

Genotypic (molecular) methods have considerable advantages for scaling up programmatic 
management and surveillance of drug-resistant tuberculosis (TB), offering speed of diagnosis, 
standardised testing, potential for high through-put, and fewer requirements for laboratory 
biosafety. Molecular tests for detecting drug resistance such as the Genotype® MTBDRsl assay, 
Hain Lifescience, Nehren, Germany (henceforth called MTBDRsl) have shown promise for the 
diagnosis of drug-resistant TB. These tests are rapid (can be performed in a single working day) 
and detect the presence of mutations associated with drug resistance. MTBDRsl belongs to a 
category of molecular genetic tests called second-line line probe assays (SL-LPA).

MTBDRsl (version 1.0) was the first commercial SL-LPA for detection of resistance to second-line 
TB drugs. In 2015, the manufacturer developed and made commercially available version 2.0 of the 
MTBDRsl assay. Version 2.0 detects the mutations associated with fluoroquinolone and second-
line injectable drug (SLID) resistance detected by version 1.0, as well as additional mutations. 
Once a diagnosis of rifampicin-resistant TB (RR-TB) or multidrug-resistant TB (MDR-TB) has been 
established, SL-LPA can be used to detect additional resistance to second-line drugs.

The MTBDRsl assay incorporates probes to detect mutations within genes (gyrA and rrs for 
version 1.0 and, in addition, gyrB and the eis promoter for version 2.0), which are associated with 
resistance to either fluoroquinolones or SLIDs. The presence of mutations in these regions does not 
necessarily imply resistance to all the drugs within a particular group. Although specific mutations 
within these regions may be associated with different levels of resistance (i.e. different minimum 
inhibitory concentrations) to each drug within these groups, the extent of cross resistance is not 
completely understood.

Objectives, rationale and methods used to develop the guidance

This document provides a summary of the evidence and recommendations for the use of SL-LPA 
for the detection of mutations associated with resistance to fluoroquinolones and SLID in patients 
with RR-TB and/or MDR-TB.

The objectives of this policy guidance are: 
•  To assess and compare the diagnostic accuracy of SL-LPA for the detection of resistance to 

fluoroquinolones in sputum specimens (using direct testing) and culture isolates (using indirect 
testing) confirmed as M. tuberculosis complex.

•  To assess and compare the diagnostic accuracy of MTBDRsl for the detection of resistance 
to SLIDs in sputum specimens (using direct testing) and culture isolates (using indirect testing) 
confirmed as M. tuberculosis complex.

•  To guide the clinical use of the assay in initiation of an appropriate MDR-TB treatment regimen.
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Since 2013, WHO has developed interim policy recommendations for the use of two new medicines 
– bedaquiline and delamanid – as part of MDR-TB regimens1,2. In addition, in 2012, WHO published 
advice about how the shorter standardised MDR-TB regimen3 - may be introduced by national 
programmes under operational research conditions4. Based on the evidence gathered from 
observational studies of a shorter MDR-TB regimen in different settings, the WHO guidelines for 
drug-resistant TB - 2016 update recommends a wider use of this regimen by programmes preferably 
after resistance to both fluoroquinolones and SLID has been excluded by WHO-recommended 
laboratory tests. The availability of reliable and rapid tests for susceptibility or resistance to these 
two groups of second-line medicines would be a valuable tool to decide within a few days which 
patients would be eligible for shorter MDR-TB regimens. Moreover, among patients prescribed 
a conventional MDR-TB regimen, these tests would also help decide from the start who would 
benefit from adding one of the new drugs to strengthen the regimen5.

In response to requests from end-users in the field for guidance on the appropriate use of SL-LPA 
given their potential to help guide the initiation of appropriate treatment for patients with MDR-TB, 
WHO commissioned a systematic review of the accuracy of SL-LPA to guide their clinical utility. 

On 3 March 2016, the WHO Global TB Programme convened a GDG in Montreux, Switzerland 
to review the evidence for the use of SL-LPA. The meeting was chaired by an expert in evidence 
synthesis. Recommendations were developed based on consensus among the GDG members 
and were subsequently confirmed by an External Review Group. The evidence reviewed and this 
policy guidance applies to the use of the commercial MTBDRsl assay only. Other assays for the 
detection of resistance to second-line anti-TB agents were not evaluated. Any new or generic 
assay that detects the presence of mutations associated with drug resistance to second-line anti-
TB agents should be subject to adequate evaluation and validation in the settings of intended use. 

The WHO policy recommendations developed from the evidence synthesis process by the GDG 
are summarized below.

WHO’s policy recommendations

These recommendations apply to testing of patients with confirmed rifampicin-resistant 
TB or MDR-TB using second-line lineprobe assays (SL-LPA): 

For patients with confirmed rifampicin-resistant TB or MDR-TB, SL-LPA may be used 
as the initial test, instead of phenotypic culture-based DST, to detect resistance to 
fluoroquinolones 
(Conditional recommendation; moderate certainty in the evidence for test accuracy for direct 
testing of sputum specimens; low certainty in the evidence for test accuracy for indirect testing of 
Mycobacterium tuberculosis cultures).

1 The use of bedaquiline in the treatment of multidrug-resistant tuberculosis. Interim policy guidance  
(WHO/HTM/TB/2013.6) [Internet]. Geneva, World Health Organization. 2013.  
Available from: http://apps.who.int/iris/bitstream/10665/84879/1/9789241505482_eng.pdf
2 The use of delamanid in the treatment of multidrug-resistant tuberculosis. Interim policy guidance  
(WHO/HTM/TB/2014.23) [Internet]. Geneva, World Health Organization. 2014.  
Available from: http://apps.who.int/iris/bitstream/10665/137334/1/WHO_HTM_TB_2014.23_eng.pdf
3 Van Deun A, Maug AKJ, Salim MAH, Das PK, Sarker MR, Daru P, et al. Short, highly effective, and 
inexpensive standardized treatment of multidrug-resistant tuberculosis. Am J Respir Crit Care Med.  
2010 Sep 1;182(5):684–92.
4 The use of short regimens for treatment of multidrug-resistant tuberculosis [Internet]. [cited 2012 Nov 9]. 
Available from: http://www.who.int/tb/challenges/mdr/short_regimen_use/en/
5 Companion handbook to the WHO guidelines for the programmatic management of drug-resistant 
tuberculosis. (WHO/HTM/TB/2014.11) [Internet]. Geneva, World Health Organization. 2014. Available from: 
http://apps.who.int/iris/bitstream/10665/130918/1/9789241548809_eng.pdf
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For patients with confirmed rifampicin-resistant TB or MDR-TB, SL-LPA may be used 
as the initial test, instead of phenotypic culture-based DST, to detect resistance to the 
second-line injectable drugs 
(Conditional recommendation; low certainty in the evidence for test accuracy for direct testing 
of sputum specimens; very low certainty in the evidence for test accuracy for indirect testing of 
Mycobacterium tuberculosis cultures).

Remarks
a. These recommendations apply to the use of SL-LPA for testing sputum specimens (direct 
testing) and cultured isolates of M. tuberculosis complex (indirect testing) from both pulmonary 
and extrapulmonary sites. Direct testing on sputum specimens allows for the earlier initiation of 
appropriate treatment; 

b. These recommendations apply to the direct testing of sputum specimens from rifampicin-resistant 
TB or MDR-TB, irrespective of the smear status, while acknowledging that the indeterminate rate 
is higher when testing smear-negative sputum specimens compared with smear-positive sputum 
specimens;

c. These recommendations apply to the diagnosis of XDR-TB while acknowledging that the 
accuracy for detecting resistance to the fluoroquinolones and to the SLIDs differs and hence the 
accuracy of a diagnosis of XDR-TB overall is reduced ; 

d. These recommendations do not eliminate the need for conventional phenotypic DST capacity 
which will be necessary to confirm resistance to other drugs and to monitor the emergence of 
additional drug resistance; 

e. Conventional phenotypic DST can still be used in the evaluation of patients with a negative SL-LPA 
result, particularly in populations with a high pre-test probability for resistance to fluoroquinolones 
and/or SLID;

f. These recommendations apply to the use of SL-LPA in children with confirmed rifampicin-
resistant TB or MDR-TB based on the generalisation of data from adults;

g. Resistance conferring mutations detected by SL-LPA are highly correlated with phenotypic 
resistance to ofloxacin and levofloxacin. However, the correlation of these mutations with 
phenotypic resistance to moxifloxacin and gatifloxacin is unclear and the inclusion of moxifloxacin 
or gatifloxacin in a MDR-TB regimen is best guided by phenotypic DST results;

h. Resistance conferring mutations detected by SL-LPA are highly correlated with phenotypic 
resistance to SLID and are an indication to use a MDR-TB regimen which is appropriately 
strengthened;

i. Given high specificity for detecting resistance to fluoroquinolones and SLID the positive results 
of SL-LPA could be used to guide the implementation of appropriate infection control precautions.
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1. Background

Genotypic (molecular) methods have considerable advantages for scaling up programmatic 
management and surveillance of drug-resistant TB, offering speed of diagnosis, standardised 
testing, potential for high through-put, and fewer requirements for laboratory biosafety. Molecular 
tests for detecting drug resistance such as the Genotype® MTBDRsl assay (henceforth called 
MTBDRsl) have shown promise for the diagnosis of drug-resistant tuberculosis (TB). These tests 
are rapid (results are available within a single working day) and detect the presence of mutations 
associated with drug resistance. MTBDRsl belongs to a category of molecular genetic tests 
called second-line line probe assays (SL-LPA). MTBDRsl (version 1.0) was the first commercial 
line probe assay for detection of resistance to second-line TB drugs. In 2015, the manufacturer 
developed and made commercially available version 2.0 of the MTBDRsl assay. Version 2.0 detects 
the mutations associated with fluoroquinolone and second-line injectable drug (SLID) resistance 
detected by version 1.0, as well as additional mutations (described below). Once a diagnosis of 
rifampicin-resistant TB or multidrug-resistant TB (MDR-TB) has been established, SL-LPA could be 
used to detect second-line drug resistance.

In September 2013, a World Health Organization (WHO) Guideline Development Group reviewed the 
evidence (11 published and 7 unpublished studies) and recommended that SL-LPA not be used as a 
replacement test for phenotypic drug susceptibility testing (DST) and noted, in addition, that the assay 
did not allow for detection of specific resistance to individual drugs within the SLID of fluoroquinolone 
groups (WHO 2013). Subsequently, at least two systematic reviews have been published, and a 
new version of the test (version 2.0) has become commercially available. A Cochrane review on the 
diagnostic accuracy of version 1.0 of MTBDRsl (Theron 2014) included 21 studies published up to 
30 January 2014. Several additional studies have since been performed, including studies that have 
evaluated MTBDRsl version 2.0, necessitating an updated systematic review.

Since 2013, WHO has developed interim policy recommendations for the use of two new medicines – 
bedaquiline and delamanid – as part of MDR-TB regimens6,7. In addition, in 2012, WHO published 
advice about how the shorter standardised MDR-TB regimen8 - may be introduced by national 
programmes9. In the WHO guidelines for drug-resistant TB - 2016 update it is recommended that, 
preferably, susceptibility to fluoroquinolones and SLIDs be determined by WHO-recommended 
DST methods before a shorter standardised MDR-TB regimen is started. The availability of reliable 
and rapid tests for susceptibility/resistance to these two groups of second-line drugs would be a 
valuable tool to decide which patients would be eligible for shorter MDR-TB regimens. Moreover, 
among patients prescribed a conventional MDR-TB regimen, such tests would also help decide 
from the start who would benefit from new medicines to strengthen the regimen10.

6 The use of bedaquiline in the treatment of multidrug-resistant tuberculosis. Interim policy guidance  
(WHO/HTM/TB/2013.6) [Internet]. Geneva, World Health Organization. 2013.  
Available from: http://apps.who.int/iris/bitstream/10665/84879/1/9789241505482_eng.pdf
7 The use of delamanid in the treatment of multidrug-resistant tuberculosis. Interim policy guidance  
(WHO/HTM/TB/2014.23) [Internet]. Geneva, World Health Organization. 2014.  
Available from: http://apps.who.int/iris/bitstream/10665/137334/1/WHO_HTM_TB_2014.23_eng.pdf
8 Van Deun A, Maug AKJ, Salim MAH, Das PK, Sarker MR, Daru P, et al. Short, highly effective, and 
inexpensive standardized treatment of multidrug-resistant tuberculosis. Am J Respir Crit Care Med. 2010  
Sep 1;182(5):684–92.
9 The use of short regimens for treatment of multidrug-resistant tuberculosis [Internet]. [cited 2012 Nov 9]. 
Available from: http://www.who.int/tb/challenges/mdr/short_regimen_use/en/
10 Companion handbook to the WHO guidelines for the programmatic management of drug-resistant 
tuberculosis. (WHO/HTM/TB/2014.11) [Internet]. Geneva, World Health Organization. 2014.  
Available from: http://apps.who.int/iris/bitstream/10665/130918/1/9789241548809_eng.pdf
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In accordance with WHO standards for assessing evidence when formulating policy 
recommendations, the GRADE approach (the Grading of Recommendations Assessment, 
Development and Evaluation (http://www.gradeworkinggroup.org/) was used. GRADE provides a 
structured framework for evaluating the accuracy of diagnostic tests, and assessing their impact 
on patient and public health. The systematic review assessed the accuracy of SL-LPA in the direct 
testing of sputum specimens and in the indirect testing of M. tuberculosis culture isolates from 
patients with confirmed RR-TB or MDR-TB.

The assay reviewed is the commercially available test Genotype MTBDRsl assay (versions 1.0 and 
2.0) Hain Lifesciences, Nehren, Germany. The evidence reviewed and this policy guidance applies 
to the use of this commercial SL-LPA only. Other assays for the detection of resistance to second-
line anti-TB agents were not evaluated. Any new or generic assay for the detection of the presence 
of mutations associated with drug resistance to second-line anti-TB agents should be subject to 
adequate evaluation and validation in the settings of intended use as per WHO policy11.

Index test

The index test is MTBDRsl and the different characteristics of versions 1.0 and 2.0 are 
presented in Table 1. SL-LPA detect specific mutations associated with resistance to the class 
of fluoroquinolones (including ofloxacin, levofloxacin, moxifloxacin and gatifloxacin) and SLIDs 
(including kanamycin, amikacin, and capreomycin) in the Mycobacterium tuberculosis complex. 
Version 1.0 detects mutations in the gyrA quinolone resistance-determining region (codons 85-97) 
and rrs (codons 1401, 1402, and 1484). Version 2.0 additionally detects mutations in the gyrB 
quinolone resistance-determining region (codons 536-541) and the eis promoter region (codons 
-10 to -14)12. As mutations in these regions may cause additional resistance to the fluoroquinolones 
or SLIDs respectively, version 2.0 is expected to have improved sensitivity for resistance to these 
drug classes. Mutations in some regions (e.g., the eis promoter region) may be responsible for 
causing resistance to one drug in a class more than other drugs within that class. For example, 
the eis C14T mutation is associated with kanamycin resistance in strains from Eastern Europe13. 
Version 1.0 also detects mutations in embB that may encode for resistance to ethambutol. As 
ethambutol is a first-line drug and was omitted from version 2.0, this review did not determine the 
accuracy for ethambutol resistance.

Table 1. Characteristics of Genotype MTBDRsl versions 1.0 and 2.0 as per manufacturer  

Detection Version 1.0
M. tuberculosis complex and resistance 
to fluoroquinolones, SLIDs and 
ethambutol

Version 2.0
M. tuberculosis complex and resistance 
to fluoroquinolones and SLIDs

Samples Smear-positive specimens and culture 
isolates

Smear-positive and smear-negative 
specimens and culture isolates

Fluoroquinolone 
resistance

Mutations in resistance-determining 
region of the gyrA gene

Mutations in resistance-determining 
regions of the gyrA and gyrB genes

11 WHO 2015. Implementing tuberculosis diagnostics. Policy Framework. WHO/HTM/TB/2015.11  
http://apps.who.int/iris/bitstream/10665/162712/1/9789241508612_eng.pdf?ua=1
12 Hain Lifescience 2015. Rapid Diagnosis of Tuberculosis Brochure. http://www.hain-lifescience.de/
uploadfiles/file/produkte/mikrobiologie/mykobakterien/tb_eng.pdf (accessed 23 December 2015).
13 Gikalo MB, Nosova EY, Krylova LY, Moroz AM. The role of eis mutations in the development of kanamycin 
resistance in Mycobacterium tuberculosis isolates from the Moscow region. J Antimicrob Chemother. 2012 
Sep;67(9):2107-9.
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SLID resistance Mutations in resistance determining 
region of the rrs gene

Mutations in resistance determining 
region rrs gene and the eis promoter 
region

Ethambutol 
resistance

Mutations in the embB gene Not included

The MTBDRsl assay incorporates probes to detect mutations within genes (gyrA and rrs for version 
1.0 and, in addition, gyrB and the eis promoter for version 2.0), which are associated with resistance 
to the class of fluoroquinolones or the SLIDs. The presence of mutations in these regions does not 
necessarily imply resistance to all the drugs within that class. Although specific mutations within 
these regions may be associated with different levels of resistance (i.e. different minimum inhibitory 
concentrations) to each drug within these classes, the extent of cross resistance is not completely 
understood. More data is needed to better understand the correlation of the presence of certain 
fluoroquinolone resistance-conferring mutations with phenotypic DST resistance and with patient 
outcomes.

The assay procedure can be performed directly using a processed sputum sample (see steps 
1-4 below) or indirectly using DNA isolated and amplified from a culture of M. tuberculosis (see 
steps 2-4 below). Direct testing involves the following steps: 1) decontamination (e.g. with sodium 
hydroxide) and concentration of a sputum specimen by centrifugation; 2) isolation and amplification 
of DNA; 3) detection of the amplification products by reverse hybridization; and 4) visualization 
using a streptavidin-conjugated alkaline phosphatase colour reaction. The observed bands, each 
corresponding to a wild type or resistance genotype probe, can be used to determine the drug 
susceptibility profile of the analysed specimen. The assay can be performed and completed with 
in a single working day.

Figure 1 shows an example of MTBDRsl results for version 1.0 and 2.0. A band for the detection 
of the M. tuberculosis complex (the “TUB” band) is included, as well as two internal controls 
(conjugate and amplification controls) and a control for each gene locus (version 2.0: gyrA, gyrB, 
rrs, eis). The two internal controls plus each gene locus control should be positive; otherwise the 
assay cannot be evaluated for that particular drug. A result can be indeterminate for one locus but 
valid for another (on the basis of a gene-specific locus control failing).
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Figure 1. Examples of different GenoType® MTBDRsl strip readouts

A template is supplied by the manufacturer to help read the strips where the banding patterns are 
scored by eye, transcribed, and reported. In high-volume settings, the GenoScan®, an automated 
reader, can be incorporated to interpret the banding patterns automatically and give a suggested 
interpretation. If the operator agrees with the interpretation, the results are automatically uploaded, 
thereby reducing possible transcription errors.
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2. Methods

2.1. Evidence synthesis

In March 2016, a Guideline Development Group was convened to assess available data on the use 
of SL-LPA. WHO commissioned a systematic review on the accuracy of SL-LPA for the detection of 
mutations associated with resistance to fluoroquinolones and second-line injectable drugs (SLIDs) 
in patients with rifampicin resistant and/or multi-drug resistant tuberculosis.

The evaluation used the GRADE system to determine the quality of the evidence and provide 
information on the strength of the recommendations using PICO questions agreed by the GDG. PICO 
refers to the following four elements that should be included in questions that govern a systematic 
search of the evidence: the Population targeted by the action or intervention (in the case of systematic 
reviews of diagnostic test accuracy, P is the population of interest); the Intervention (I is the index test; 
the Comparator (C is the comparator test(s); and the Outcome (O is usually sensitivity and specificity). 
The PICO questions for the review are given below.

Overarching question

Should SL-LPA results be used to guide clinical decisions to use second line anti-TB drugs 
(fluoroquinolones, SLIDs) in patients diagnosed with rifampicin-resistant TB or MDR-TB as 
compared to phenotypic DST (based on diagnostic accuracy, prevalence of the resistance to 
particular anti-TB drugs, cross resistance between anti-TB drugs)?

PICO questions addressed by the GDG

1. Should SL-LPA be used to guide clinical decisions to use fluoroquinolones in the direct testing 
of patient specimens with confirmed RR-TB or MDR-TB?
2. Should SL-LPA be used to guide clinical decisions to use SLID in the direct testing of patient 
specimens with confirmed RR-TB or MDR-TB?
3. Should SL-LPA be used to guide clinical decisions to use fluoroquinolones in the indirect testing 
of culture isolates from patients with confirmed rifampicin-resistant TB or MDR-TB?
4. Should SL-LPA be used to guide clinical decisions to use SLID in the indirect testing of culture 
isolates from patients with confirmed RR-TB or MDR-TB?

The systematic reviews were conducted according to the standards outlined by Cochrane in the 
Cochrane Handbook for Diagnostic Test Accuracy Reviews.14 A comprehensive search of the 
following databases was performed up to 21 September 2015, without language restrictions: 
Cochrane Infectious Diseases Group Specialized Register; MEDLINE (PubMed); EMBASE OVID; 
ISI Web of Knowledge (Science Citation Index - Expanded, Conference Proceedings Citation 
Index- Science (CPCI-S), BIOSIS Previews, LILACS (http://lilacs.bvsalud.org/en/ and SCOPUS. A 
search of the metaRegister of Controlled Trials (mRCT; http://www.controlled-trials.com/) and the 
search portal of the World Health Organization (WHO) International Clinical Trials Registry Platform 
(www.who.int/trialsearch) were performed to identify ongoing trials, and ProQuest Dissertations & 
Theses A&I to identify relevant dissertations.

14  Macaskill P, Gatsonis C, Deeks JJ, Harbord RM, Takwoingi Y. Chapter 10: Analysing and Presenting 
Results. In: Deeks JJ, Bossuyt PM, Gatsonis C (editors), Cochrane Handbook for Systematic Reviews of 
Diagnostic Test Accuracy Version 1.0. The Cochrane Collaboration, 2010. Available from: http://methods.
cochrane.org/sdt/handbook-dta-reviews
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All studies that determined the diagnostic accuracy of the index test in comparison with a defined 
reference standard, including case-control designs, were included. Included studies were those from 
which data could be extracted for true positives (TP), false positives (FP), false negatives (FN), and 
true negatives (TN) to calculate sensitivity and specificity estimates and 95% confidence intervals 
(CI) for individual studies. The individual study results were graphed by plotting the estimates of 
sensitivity and specificity (and their 95% CIs) in forest plots. Patients of any age who had rifampicin-
resistant or MDR-TB or may have had resistance to any of the second-line TB drugs, irrespective 
of background burden and patient population were included. Unpublished studies reported only in 
abstracts and conference proceedings were excluded.

The following reference standards were used:
1. Phenotypic culture-based DST using either solid or liquid culture incorporating the drug of 
interest; 
2. Sequencing of the gyrA or rrs genes (for evaluation of version 1.0) or additionally the gyrB and 
eis promoter regions (for evaluation of version 2.0);
3. A composite reference standard that included both phenotypic culture-based DST and 
sequencing of the same specimens. If a specimen was resistant according to culture-based DST or 
had a resistance conferring mutation associated with a particular drug, the specimen was classified 
as being resistant to a particular drug. If both culture-based DST and sequencing indicated 
susceptibility, the specimen was classified as being susceptible to a particular drug.

Phenotypic culture-based DST is the current accepted reference standard method. However, the 
results are only reliable when an appropriate concentration of the drug of interest is used to determine 
the threshold to differentiate probable susceptible from probable resistant strains. Sequencing is 
considered a reliable method to detect mutations known to be associated with phenotypic drug-
resistance, however, not all resistance-determining mechanisms for the fluoroquinolones and SLIDs 
are completely known. As a consequence, targeted sequencing may not detect all strains with 
phenotypic resistance due to the presence of mutations that confer resistance occurring outside 
the area of a particular gene targeted for sequencing.

When phenotypic culture-based DST was performed using more than one drug from the class of 
fluoroqunolones (ofloxacin, levofloxacin, or moxifloxacin) or group of SLIDs (amikacin, kanamycin 
or capreomycin), data were extracted for each drug and for each class or group overall. If the 
reference standard indicated resistance to at least one drug in that class or group, the sample 
was classified as resistant to that class or group of drugs. Accuracy estimates for individual drugs 
were reported within the drug class or group when that drug was used as part of the phenotypic 
culture-based DST reference standard. For determining resistance to the drug class or group, the 
following approach was used:

For a culture-based DST reference standard, some studies might have used detection of ofloxacin 
resistance and other studies might have used detection of moxifloxacin resistance to confirm a 
SL-LPA fluoroquinolone-resistant result. In such a scenario, if phenotypic culture-based DST was 
positive for resistance to one of the drugs in the drug class and the SL-LPA result was concordant, 
the index test result was classified as a true positive for resistance to the fluoroquinolones.

For sequencing as a reference standard, if the index test reported resistance to fluoroquinolones 
and the presence of mutations known to be associated with fluoroquinolone resistance was 
confirmed in the same regions of the genome targeted by SL-LPA, then the test result was 
recorded as concordant and the index test was classified as a true positive for resistance to the 
fluoroquinolones. The same approach was adopted for the SLIDs.

Using the GRADE framework, calculations of test sensitivity and specificity were used as proxy 
measures for patient outcomes; these outcomes were based on the relative importance or impact of 
false-positive and false-negative results: Poor sensitivity would result in false-negative results so that 
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patients with RR-TB or MDR-TB would not be placed on an effective treatment regimen, which would 
have negative consequences in terms of delayed initiation of an effective regimen, the development 
of additional drug resistance, morbidity, mortality and further transmission of disease. Poor specificity 
would result in false-positive results so that patients without additional drug resistance would be 
prescribed unnecessary treatment which may have increased adverse effects.

Rates for true positives, true negatives, false positives and false negatives were calculated using 
agreed pretest probabilities of resistance to second-line anti-TB drugs. Prevalences of 5%, 10%, 
and 15% were used to cover the lower and upper levels of resistance associated with resistance 
to fluoroquinolones or SLIDs among patients with RR-TB or MDR-TB. Prevalences of 1%, 5%, 
and 10% were used to cover both the lower and upper levels of prevalence XDR-TB in different 
epidemiological settings. These thresholds were chosen based on the findings from global 
surveillance of second-line resistance among patients with RR-TB or MDR-TB from 75 countries15.

The evaluation of the impact on patients was based on a balance among the following values: 
•  true positives – the benefit to patients from rapid diagnosis and treatment;

•  true negatives – the benefit to patients who would be spared unnecessary treatment; the benefit 
of reassurance and alternative diagnosis; 

•  false positives – the likelihood of anxiety and morbidity caused by additional testing, unnecessary 
treatment and possible adverse effects; possible stigma associated with a diagnosis of drug-
resistant TB; and the chance that a false positive may halt further diagnostic evaluation; 

•  false negatives – the increased risk of morbidity and mortality, delayed treatment initiation and 
the continued risk of transmission of drug-resistant TB.

2.2 Guideline Development Group meeting

The WHO Steering Group (Annex 3) was responsible for scoping the guideline, drafting the PICO 
questions and overseeing the evidence retrieval and analyses. The Steering Group was also 
responsible for selecting members for the GDG (Annex 1) and External Review Group (Annex 2), 
for managing declarations of interest, and for organising the GDG meeting. Brief biographies of the 
GDG members were made available for public scrutiny on the WHO Global TB Programme website 
(http://www.who.int/tb/laboratory/policy_statements/en/) two weeks prior to the GDG meeting.

PICO questions were drafted by the WHO Steering Group and were presented to the GDG for 
discussion and modification. The Steering Group also prepared an initial list of relevant outcomes, 
including desirable effects and undesirable effects, and requested the GDG to identify any other 
important outcomes.

A webinar was conducted with members of the GDG prior to the meeting to review the preliminary 
findings from the systematic reviews, refine and finalize the proposed patient outcomes and to rate 
their relative importance. The following outcomes for each PICO question were determined, and 
the ratings of their importance were unanimously agreed:
•  Critical outcomes – diagnostic accuracy as reflected by true-positive, true-negative, false-

positive and false-negative results;

•  Important outcomes – Impact on the time-to-diagnosis, ease of use and acceptability of the 
test, and cost.

15 World Health Organization 2015. Global Tuberculosis Report 2015.  
Available at: http://apps.who.int/iris/bitstream/10665/191102/1/9789241565059_eng.pdf
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The format for the Evidence to Recommendations tables was discussed and agreed upon by the 
Guideline Development Group members during the webinar. The format included the following 
sections: description of the problem; diagnostic test accuracy; patient values and preferences; 
certainty of the evidence for test accuracy; benefits and harms of the test’s use; resources required; 
equity; acceptability; feasibility and neutral language to formulate the draft recommendations.

Evidence to Recommendations tables were developed for each of the PICO questions in order to 
guide the process of development of the recommendations. 

The meeting was chaired by a guideline methodologist with expertise in guideline development 
processes and methods. The methodologist participated in the initial planning, scoping and 
development of the key questions for the GDG meeting. During the meeting, the methodologist 
helped the GDG formulate recommendations based on the evidence presented. Decisions were 
based on consensus, ie. unanimous agreement among all GDG members. 

The full set of evidence to recommendations tables are included in Annex 6.

2.3 External Review Group 

The findings and recommendations from the GDG meeting were sent to an External Review Group 
of international experts in the field of TB laboratory diagnostics, which included representatives 
from the WHO TB Supranational Reference Laboratory Network, the WHO TB Strategic and 
Technical Advisory Group (STAG-TB) and the Core Group members of the Global Laboratory 
Initiative Working Group of the Stop TB Partnership. The External Review Group agreed with the 
GDG’s recommendations and with the subsequent WHO policy guidance.
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3. Scope

This document provides a pragmatic summary of the evidence and recommendations on the use 
of SL-LPA for the detection of mutations associated with resistance to fluoroquinolones and SLID 
in patients with RR-TB and/or MDR-TB. It should be read in conjunction with the 2015 WHO 
Framework for implementing TB diagnostics, which provides guidance on implementing the 
diagnostic tools and methods approved by WHO within the context of a country’s infrastructure, 
resources, epidemiology or drug resistant TB and HIV. These documents are available at 

http://www.who.int/tb/areas-of-work/laboratory/policy_statements/en/.

3.1 Target audience

This policy guidance is intended to be used by clinicians treating patients with RR-TB or MDR-
TB, managers and laboratory directors working in TB programmes in coordination with external 
laboratory consultants, donor agencies, technical advisers, laboratory technicians, procurement 
officers for laboratory equipment, service providers in the private sector, relevant government 
sectors, and implementation partners that are involved in country-level strengthening of MDR-TB 
diagnostic and treatment services. Individuals responsible for programme planning, budgeting, 
mobilizing resources and implementing training activities for the programmatic management of 
drug resistant TB may also benefit from this document.

Date of review: 2020 or earlier should significant additional evidence become available.



4. Evidence base for policy formulation

13

4. Evidence base for policy formulation

Twenty nine unique studies were identified. All studies but two (Fan 2011, in Chinese, and 
Chikamatsu 2012, in Japanese) were written in English. 26 studies evaluated the MTBDRsl version 
1.0 assay which included 21 studies from the original Cochrane review by Theron et al, 2014 (Ajbani 
2012; Barnard 2012; Brossier 2010; Chikamatsu 2012; Fan 2011; Ferro 2013; Hillemann 2009; 
Huang 2011; Ignatyeva 2012; Jin 2013; Kiet 2010; Kontsevaya 2011; Kontsevaya 2013; Lacoma 
2012; Lopez-Roa 2012; Miotto 2012; Said 2012; Surcouf 2011; Tukvadze 2014; van Ingen 2010) 
and five new studies (Catanzaro 2015; Kambli 2015a; Kambli 2015b; Simons 2015; Tomasicchio 
2016). Three studies (one published study (Tagliani 2015) and two unpublished evaluation studies 
(FIND 2016; NICD 2015) evaluated version 2.0.

Data for version 1.0 and version 2.0 of the MTBDRsl assay were analysed separately. A phenotypic 
culture-based DST reference standard was used for the primary analyses. These analyses were 
stratified first by susceptibility or resistance to a particular drug and second by type of SL-LPA 
testing (indirect testing or direct testing). Within each stratum estimates of the studies observed 
sensitivities and specificities were plotted in forest plots with 95% confidence intervals (CI). Where 
adequate data were available, data were combined for meta-analysis by fitting the bivariate 
random-effects model16,17 (Macaskill 2010; Reitsma 2005) using Stata version 14 with the metandi 
and xtmelogit commands. In situations with few studies, a meta-analysis was performed where 
appropriate by reducing the bivariate model to either univariate random effects logistic regression 
models or, when there was little observed or no heterogeneity, to fixed effects models18.

Results from studies of direct testing were compared with results from studies of indirect testing by 
adding a covariate for the type of testing to the model. The significance of the differences in sensitivity 
and specificity estimates between studies was assessed in which SL-LPA were performed by 
direct testing or indirect testing. Where data were sufficient, comparative analyses were performed 
including only those studies that made direct comparisons between test evaluations with the same 
participants. Otherwise, all studies with available data were included. Comparative studies are 
preferred to non-comparative studies when deriving evidence of diagnostic test accuracy (Takwoingi 
2013). The pooled estimates for the diagnostic accuracy of MTBDRsl (version 1.0) for resistance to 
fluoroquinolones, SLIDs and detection of XDR-TB by direct and indirect testing, compared with a 
phenotypic culture-based DST reference standard are given in Table 2.

Of the total 29 studies (26 studies evaluated version 1.0; three studies evaluated version 2.0), 20 
(69%) studies evaluated patients from low-income or middle-income countries. The median sample 
size (interquartile range) was 138 (59,256).

16 Macaskill P, Gatsonis C, Deeks JJ, Harbord RM, Takwoingi Y. Chapter 10: Analysing and presenting results 
In: Deeks JJ, Bossuyt PM, Gatsonis C (editors). Cochrane Handbook for Systematic Reviews of Diagnostic 
Test Accuracy Version 1.0. The Cochrane Collaboration, 2010. Available from: http://srdta.cochrane.org/
17 Reitsma JB, Glas AS, Rutjes AW, Scholten RJ, Bossuyt PM, Zwinderman AH. Bivariate analysis of 
sensitivity and specificity produces informative summary measures in diagnostic reviews. Journal of Clinical 
Epidemiology 2005;58(10):982-90.
18 Takwoingi Y, Guo B, Riley RD, Deeks JJ. Performance of methods for meta-analysis of diagnostic test 
accuracy with few studies or sparse data. Stat Methods Med Res 2015;pii: 0962280215592269. 
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Table 2. Accuracy of MTBDRsl (version 1.0) for fluoroquinolone and second-line 
injectable drug resistance and XDR-TB, indirect and direct testing (smear-positive 
specimens), phenotypic culture-based DST reference standard

Pooled 
sensitivity  
(95% CI)

Pooled 
specificity  
(95% CI)

Pooled 
sensitivity  
(95% CI)

Pooled 
specificity  
(95% CI)

Pooled 
sensitivity  
P value1

Pooled 
specificity  
P value1

Fluoroquinolones, indirect testing 
(19 studies, 2 223 participants)

Fluoroquinolones, direct testing
(9 studies, 1 771 participants)

85.6%  
(79.2 to 90.4)

98.5%  
(95.7 to 99.5)

86.2%  
(74.6 to 93.0)

98.6%  
(96.9 to 99.4)

0.932 0.333

Second-line injectable drugs, 
indirect testing
(16 studies, 1 921 participants)

Second-line injectable drugs, 
direct testing
(8 studies, 1 639 participants)

76.5%  
(63.3 to 86.0)

99.1%  
(97.3 to 99.7)

87.0%  
(38.1 to 98.6)

99.5%  
(93.6 to 100.0)

0.547 0.664

XDR-TB, indirect testing
(8 studies, 880 participants)

XDR-TB, direct testing
(6 studies, 1 420 participants)

70.9%  
(42.9 to 88.8)

98.8%  
(96.1 to 99.6)

69.4%  
(38.8 to 89.0)

99.4%  
(95.0 to 99.3)

0.888 0.855

1 Likelihood ratio test for evidence of a significant difference between accuracy estimates.

Figure 2. shows the flow of studies in the review. Included and excluded studies and the reasons 
for their exclusion are given in online Annex 8. 
Available at: http://www.who.int/tb/areas-of-work/laboratory/policy_statements/en/
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Figure 2. Selection of studies evaluating the accuracy of the MTBDRsl assay for the 
detection of resistance to the fluoroquinolones and SLID
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4.1 Assessment of methodological quality

The quality of the included studies was appraised with the Quality Assessment of Diagnostic 
Accuracy Studies (QUADAS-2) tool19. QUADAS-2 consists of four domains: patient selection, index 
test, reference standard, and flow and timing. All domains were assessed for the potential for risk 
of bias and the first three domains for concerns regarding applicability. Signalling questions in each 
domain were used to form judgments about the risk of bias. One review author (GT) piloted the tool 
with two included studies and finalized the tool based on experience gained from the pilot testing. 
Three review authors (GT, JP, and KRS) then independently assessed methodological quality of 
included studies with the finalized tool and finalized judgments by discussion.

More than 50% of studies were considered to have low risk of bias for the patient selection, index 
test, and flow and timing domains. For the reference standard domain, only three (10%) studies were 
considered to have low risk of bias because these studies used the WHO-recommended critical 
concentrations for every drug they included in the culture-based DST reference standard whereas 
the other studies did not. Regarding applicability, there was low concern for all QUADAS-2 domains. 
There was low concern about the applicability of the included studies despite the evaluations 
having predominately been conducted with the MTBDRsl (version 1.0) assay. It was reasoned that 
with the addition of new probes targeting more resistance-conferring mutations, the diagnostic 
accuracy of MTBDRsl (version 2.0) would be the same or higher than that of MTBDRsl version 1.0 
and the specificity to be the same or slightly lower than that of version 1.0 (because of the small 
likelihood of at least one of the probes mispriming and giving false-positive results). The findings 
were therefore considered applicable to the test. The included studies assessed sensitivity and 
specificity in research settings which may have overestimated the accuracy compared with routine 
practice settings.

Figures 3 shows the risk of bias and applicability concerns for the 29 included studies.

Figure 3. Risk of bias and applicability concerns graph: review authors’ judgments 
about each domain presented as percentages across included studies

Assessment of the certainty of the evidence

The certainty of the evidence (also called quality of evidence or confidence in effect estimates) 
was assessed using the GRADE approach20,21 and GRADEpro Guideline Development Tool 

19 Whiting PF, Rutjes AW, Westwood ME, Mallett S, Deeks JJ, Reitsma JB, et al. QUADAS-2: a revised tool 
for the quality assessment of diagnostic accuracy studies. Annals of Internal Medicine 2011;155(8):529-36.
20 Balshem H, Helfand M, Schünemann HJ, Oxman AD, Kunz R, Brozek J, Vist GE,Falck-Ytter Y, Meerpohl J, 
Norris S, Guyatt GH. GRADE guidelines: 3. Rating the quality of evidence. J Clin Epidemiol 2011;64((4)):401-6
21 Schünemann H, Brożek J, Guyatt G, Oxman A, editors. The GRADE Working Group. GRADE handbook 
for grading quality of evidence and strength of recommendations. Updated October 2013. Available from 
www.guidelinedevelopment.org/handbook.
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software22 (GRADEpro 2015). In the context of a systematic review, the ratings of the certainty 
of the evidence reflect the extent of confidence that the estimates of the effect (including test 
accuracy and associations) are correct. The certainty of the evidence was rated as high (no points 
subtracted), moderate (one point subtracted), low (two points subtracted), or very low (greater than 
two points subtracted) based on five domains: risk of bias, indirectness, inconsistency, imprecision, 
and publication bias. One point was subtracted when there was a serious issue identified or two 
points when there was a very serious issue identified in any of the domains used to judge the 
certainty of the evidence.

4.2 Accuracy for the detection of fluoroquinolone resistance

4.2.1 Direct testing MTBDRsl version 1.0

Nine studies evaluated MTBDRsl in 1771 participants, including 519 (29.3%) confirmed cases 
of TB with resistance to fluoroquinolones by direct testing on sputum specimens compared with 
a phenotypic culture-based DST reference standard (Figure 4). For individual studies, sensitivity 
estimates ranged from 33% to 100% and specificity estimates ranged from 91% to 100%. The 
pooled sensitivity and specificity (95% CI) were 86.2% (74.6% to 93.0%) and 98.6% (96.9% to 
99.4%) respectively.

Nine studies reported indeterminate results for the MTBDRsl assay by direct testing of smear-positive 
sputum specimens compared with phenotypic culture-confirmed resistance to fluoroquinolones. 
Of 2059 results, 147 (7.1%) were indeterminate. Of the indeterminate results, 68 were culture-
based DST resistant, 73 culture-based DST susceptible and six did not have a culture-based DST 
result. The indeterminate rates for direct testing for each smear-grade (smear-negative, scanty, 1+, 
2+, 3+) were 61/190 (32.1%), 28/133 (21.1%), 35/272 (12.9%), 19/211 (9.0%), and 44/388 (11%), 
respectively.

Figure 4. Forest plots of MTBDRsl sensitivity and specificity for fluoroquinolone 
resistance by direct testing in comparison with a culture-based DST reference standard

TP true positive; FP false positive; FN false negative; TN true negative; CI confidence interval 

The figure shows the estimated sensitivity and specificity of each study (square) and its 95% CI 
(horizontal line). The individual studies are ordered by decreasing sensitivity. Values for test results 
are the number of each type of result (true positive, false positive, false negative, true negative).

Sensitivity and specificity estimates for MTBDRsl by direct testing of individual drugs within the 
class of fluoroquinolones is given in Figure 5. Seven studies involving 1667 participants evaluated 
the MTBDRsl assay for the detection of ofloxacin resistance by direct testing. Sensitivity estimates 
ranged from 79% to 100% and specificity estimates ranged from 98% to 100%. The pooled 

22 GRADEpro GDT: GRADEpro Guideline Development Tool [Software]. McMaster University, 2015 
(developed by Evidence Prime, Inc.). Available from gradepro.org
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sensitivity and specificity (95% CI) were 90.9% (84.7% to 94.7%) and 98.9% (97.8% to 99.4%) 
respectively. Based on all data, there was no evidence of a statistically significant difference in 
accuracy between indirect and direct testing for ofloxacin resistance (P values for differences in 
sensitivity and specificity of 0.180 and 0.161, respectively).

Two studies involving 821 participants evaluated the MTBDRsl assay for detection of moxifloxacin 
resistance by direct testing (Figure 5). Catanzaro 2015 reported a sensitivity of 96% and specificity 
of 99% and Ajbani 2012 reported a sensitivity of 92% and specificity of 98%. The pooled sensitivity 
and specificity (95% CI) were 95.0% (92.1% to 96.9%) and 99.0% (97.5% to 99.6%) respectively. 
Based on all data, there was no evidence of a statistically significant difference in accuracy between 
indirect and direct testing for moxifloxacin resistance (P values for differences in sensitivity and 
specificity of 0.820 and 0.365, respectively). 

No studies were identified that performed direct testing for detection of levofloxacin or gatifloxacin 
resistance.

Figure 5. Forest plots of MTBDRsl sensitivity and specificity for ofloxacin and 
moxifloxacin resistance, test performed directly, phenotypic culture-based DST 
reference standard

TP true positive; FP false positive; FN false negative; TN true negative; CI confidence interval 

The figure shows the estimated sensitivity and specificity of each study (square) and its 95% CI 
(horizontal line). The individual studies are ordered by decreasing sensitivity. Values for test results 
are the number of each type of result (true positive, false positive, false negative, true negative).

4.2.2 Direct testing MTBDRsl version 2.0

For MTBDRsl version 2.0 the data were either too sparse or too heterogeneous to combine in a 
meta-analysis or to compare indirect and direct testing.

Two studies evaluated MTBDRsl version 2.0 in 187 individuals, including 37 (19.8%) confirmed 
cases of TB with resistance to fluoroquinolones by direct testing on a processed sputum sample 
compared with a phenotypic culture-based DST reference standard. Sensitivity and specificity 
estimates (95% CI) were 100% (59% to 100%) and 100% (86% to 100%) for FIND 2016 and 97% 
(83% to 100%) and 98% (93% to 100%) for Tagliani 2015.

Two studies evaluated the MTBDRsl version 2.0 assay in 22 individuals, including eight confirmed 
cases of TB and resistance to fluoroquinolones by direct testing on sputum smear-negative 
specimens. Sensitivity and specificity estimates (95% CI) were 100% (29% to 100%) and 90% 
(55% to 100%) for FIND 2016 and 80% (28% to 99%) and 100% (40% to 100%) for Tagliani 2015. 
Of two studies that evaluated indeterminate MTBDRsl results for direct testing of smear-positive 
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specimens, no indeterminate results were reported. The indeterminate rate for direct testing for 
smear-negative specimens was 8/30 (26.7%) (four culture-DST resistant and four culture-DST 
susceptible).

4.2.3 Indirect testing MTBDRsl version 1.0

Nineteen studies evaluated MTBDRsl in 2223 individuals, including 869 (39.1%) confirmed cases of 
TB with resistance to fluoroquinolones by indirect testing on a culture of M. tuberculosis compared 
with a phenotypic culture-based DST reference standard (Figure 6). For individual studies, sensitivity 
estimates ranged from 57% to 100% and specificity estimates ranged from 77% to 100%. The 
pooled sensitivity and specificity (95% CI) were 85.6% (79.2% to 90.4%) and 98.5% (95.7% to 
99.5%) respectively. Fourteen studies reported indeterminate results for the MTBDRsl assay by 
indirect testing of a culture of M.tuberculosis with phenotypic culture-confirmed resistance to 
fluoroquinolones. Of 2065 results, eight (0.4%) results were indeterminate (seven culture-based 
DST resistant and one culture-based DST susceptible).

Seven studies evaluated MTBDRsl in 974 individuals compared with a sequencing reference 
standard (Figure 6). Sensitivity estimates ranged from 85% to 100% and specificity estimates 
ranged from 92% to 100%. The pooled sensitivity and specificity (95% CI) were 99.3% (81.2% 
to 100.0%) and 99.3% (90.8% to 100.0%). There was evidence of a statistically significant higher 
sensitivity using sequencing as the reference standard compared with phenotypic culture-based 
DST (P value < 0.001), but not specificity (P value of 0.735).

Seven studies evaluated MTBDRsl in 1211 individuals compared with a reference standard of 
phenotypic culture-based DST and sequencing combined (i.e. both investigations performed in all 
isolates) (Figure 6). Sensitivity estimates ranged from 74% to 91% and specificity estimates ranged 
from 99% to 100%. The pooled sensitivity and specificity (95% CI) were 82.0% (77.7% to 85.6%) 
and 99.8% (98.5% to 100.0%) respectively. There was no evidence of a statistically significant 
difference in accuracy using both phenotypic culture-based DST and sequencing as the reference 
standard compared with culture-based DST (P values for differences in sensitivity and specificity of 
0.664 and 0.070, respectively).
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Figure 6. Forest plots of MTBDRsl sensitivity and specificity for fluoroquinolone 
resistance, test performed indirectly, different reference standards

TP true positive; FP false positive; FN false negative; TN true negative; CI confidence interval 

The figure shows the estimated sensitivity and specificity of each study (square) and its 95% CI 
(horizontal line). The individual studies are ordered by decreasing sensitivity. Values for test results 
are the number of each type of result (true positive, false positive, false negative, true negative).

Indirect testing of the individual drugs within the class of fluoroquinolones is given in Figure 7. 
Thirteen studies involving 1927 participants evaluated the MTBDRsl assay for the detection of 
ofloxacin resistance by indirect testing. Sensitivity estimates ranged from 70% to 100% and 
specificity estimates ranged from 91% to 100%. The pooled sensitivity and specificity (95% CI) 
were 85.2% (78.5% to 90.1%) and 98.5% (95.6% to 99.5%) respectively.

Six studies involving 419 participants evaluated the MTBDRsl assay for detection of moxifloxacin 
resistance by indirect testing (Figure 7). Sensitivity estimates ranged from 57% to 100% and 
specificity estimates from 77% to 100%. The pooled sensitivity and specificity (95% CI) were 94.0% 
(82.2% to 98.1%) and 96.6% (85.2% to 99.3%) respectively.
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Two studies were identified that use the MTBDRsl assay for detection of levofloxacin resistance by 
indirect testing. Sensitivity and specificity estimates (95% CI) were 80% (56% to 94%) and 96% 
(80% to 100%) for Chikamatsu 2012 and 100% (96% to 100%) and 100% (88% to 100%) for 
Kambli 2015b. A meta-analysis for detection of levofloxacin resistance was not performed. 

Figure 7. Forest plots of MTBDRsl sensitivity and specificity for ofloxacin, moxifloxacin, 
and levofloxacin resistance, the test performed indirectly, phenotypic culture-based 
DST reference standard 23

TP true positive; FP false positive; FN false negative; TN true negative; CI confidence interval 

The figure shows the estimated sensitivity and specificity of each study (square) and its 95% CI 
(horizontal line). The individual studies are ordered by decreasing sensitivity. Values for test results 
are the number of each type of result (true positive, false positive, false negative, true negative).

Based on analysis of all data, there was no evidence of a statistically significant difference in 
MTBDRsl accuracy for fluoroquinolone resistance between indirect and direct testing (smear-
positive specimens) when using phenotypic culture-based DST as a reference standard (P 
values for differences in sensitivity and specificity of 0.932 and 0.333, respectively). Within-study 
comparisons were not possible because no studies performed MTBDRsl testing on specimens and 
isolates from the same patients.

Annex 724. Table 1 shows the drug concentrations for ofloxacin, levofloxacin, and moxifloxacin used 
in culture-based DST in relation to the WHO-recommended critical concentrations.

23 Ferro 2013 performed indirect agar proportion method on Middlebrook 7H10 agar with moxifloxacin tested 
at 2.0 ug/ml. Ferro noted that only one strain was a true false positive; the other seven strains are part of 
15 strains that showed resistance to ciprofloxacin due to common gyrA gene-conferred resistance.
24 Annex 7: Dug concentrations used in phenotypic culture-based DST for each included study.  
Available at: http://www.who.int/tb/areas-of-work/laboratory/policy_statements/en/
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4.2.4 Indirect testing MTBDRsl version 2.0

For MTBDRsl version 2.0 the data were either too sparse or too heterogeneous to combine in a 
meta-analysis or to compare indirect and direct testing.

Three studies evaluated the MTBDRsl version 2.0 in 562 individuals, including 111 confirmed cases 
of TB with fluoroquinolone resistance by indirect testing on a culture of M. tuberculosis compared 
with a phenotypic culture-based DST reference standard. Sensitivity estimates ranged from 84% 
to 100% and specificity estimates ranged from 99% to 100% respectively.

Three studies reported indeterminate results for the MTBDRsl assay by indirect testing of a 
culture of M. tuberculosis with phenotypic culture-confirmed resistance to fluoroquinolones. Of 
570 results, eight (1.4%) were indeterminate (six culture-based DST resistant and two culture-
based DST susceptible).

4.3 Accuracy for the detection of SLID resistance

4.3.1 Direct testing MTBDRsl version 1.0

Eight studies evaluated the MTBDRsl assay in 1639 individuals, including 348 (21.2%) confirmed 
cases of SLID-resistant TB, by direct testing for detection of SLID resistance (Figure 8). For individual 
studies, sensitivity estimates ranged from 9% to 100% and specificity estimates ranged from 58% 
to 100%. The variability was explained in part by the use of different drugs, critical concentrations, 
and types of culture media in the reference standard and likely presence of eis resistance-conferring 
mutations in patients in Eastern European countries. The pooled sensitivity and specificity (95% CI) 
were 87.0% (38.1% to 98.6%) and 99.5% (93.6% to 100.0%) respectively. 

Four studies reported indeterminate results for the MTBDRsl assay by direct testing of smear-
positive sputum specimens compared with phenotypic culture-confirmed resistance to SLID. Of 
1627 results, 219 (13.5%) were indeterminate (34 culture-based DST resistant and 165 culture-
based DST susceptible and 20 did not have a culture-based DST result).

The indeterminate rates for direct testing for each smear-grade (smear-negative, scanty, 1+, 2+, 
3+) were 76/180 (42.2%), 35/91 (38.5%), 47/213 (22.1%), 29/200 (14.5%), and 70/364 (19.2%), 
respectively.

Figure 8. Forest plots of MTBDRsl sensitivity and specificity for SLID resistance, test 
performed directly, phenotypic culture-based DST reference standard

TP true positive; FP false positive; FN false negative; TN true negative; CI confidence interval 

The figure shows the estimated sensitivity and specificity of each study (square) and its 95% CI 
(horizontal line). The individual studies are ordered by decreasing sensitivity. Values for test results 
are the number of each type of result (true positive, false positive, false negative, true negative).

Sensitivity and specificity estimates for the detection of resistance to the individual SLID are given 
in Figure 9.
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Six studies involving 1491 individuals evaluated the MTBDRsl assay for the detection of amikacin 
resistance by direct testing. Sensitivity estimates ranged from 64% to 100% and specificity estimates 
ranged from 88% to 100%. The pooled sensitivity and specificity (95% CI) were 91.9% (71.5% to 
98.1%) and 99.9% (95.2% to 100.0%) respectively. Based on all data, there was no evidence of 
a statistically significant difference in accuracy between indirect and direct testing for amikacin 
resistance (P values for differences in sensitivity of specificity 0.338 and 0.213, respectively). 

Five studies involving 1020 individuals evaluated the MTBDRsl assay for the detection of kanamycin 
resistance by direct testing. Sensitivity estimates ranged from 9% to 100% and specificity estimates 
ranged from 90% to 100%. The pooled sensitivity and specificity (95% CI) were 78.7% (11.9% to 
99.0%) and 99.7% (93.8% to 100.0%) respectively. Based on all data, there was no evidence of 
a statistically significant difference in accuracy between indirect and direct testing for kanamycin 
resistance (P values for differences in sensitivity of specificity 0.836 and 0.445, respectively). 

Five studies involving 1027 individuals evaluated the MTBDRsl assay for the detection of 
capreomycin resistance by direct testing. Sensitivity estimates ranged from 57% to 100% and 
specificity estimates ranged from 88% to 100%. The pooled sensitivity and specificity (95% CI) 
were 76.6% (61.1% to 87.3%) and 98.2% (92.5% to 99.6%) respectively. Based on all data, there 
was no evidence of a statistically significant difference in accuracy between indirect and direct 
testing for capreomycin resistance (P values for differences in sensitivity and specificity of 0.841 
and 0.353, respectively).

Figure 9. Forest plots of MTBDRsl sensitivity and specificity for resistance to amikacin, 
kanamycin, and capreomycin, test performed directly, phenotypic culture-based DST 
reference standard

TP true positive; FP false positive; FN false negative; TN true negative; CI confidence interval 

The figure shows the estimated sensitivity and specificity of each study (square) and its 95% CI 
(horizontal line). The individual studies are ordered by decreasing sensitivity. Values for test results 
are the number of each type of result (true positive, false positive, false negative, true negative).
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4.3.2 Direct testing MTBDRsl version 2.0

For MTBDRsl version 2.0 the data were either too sparse or too heterogeneous to combine in a 
meta-analysis or to compare indirect and direct testing.

Two studies evaluated MTBDRsl version 2.0 in 200 individuals, including 41 confirmed cases of 
TB with resistance to SLIDs by direct testing on smear-positive sputum specimens compared with 
a phenotypic culture-based DST reference standard. Sensitivity and specificity estimates (95% 
CI) were 62% (36% to 86%) and 91% (72% to 99%) for FIND 2016 and 89% (72% to 98%) and 
90% (84% to 95%) for Tagliani 2015. The indeterminate rate for direct testing for smear-positive 
specimens was 1/201 results (0.5%) (one culture-DST susceptible) on a scanty smear-positive 
specimen.

Two studies evaluated MTBDRsl version 2.0 in 24 individuals, including 11 confirmed cases of TB 
with resistance to SLID by direct testing on smear-negative sputum specimens compared with a 
phenotypic culture-based DST reference standard. Sensitivity and specificity estimates (95% CI) 
were 83% (36% to 100%) and 78% (40% to 97%) for FIND 2016 and 80% (28% to 99%) and 100% 
(40% to 100%) for Tagliani 2015.

The indeterminate rate for direct testing for smear-negative sputum specimens was 6/30 results 
(20.0%) (three culture-DST resistant and three culture-DST susceptible).

4.3.3 Indirect testing MTBDRsl version 1.0

Sixteen studies evaluated MTBDRsl in 1921 individuals, including 575 (29.9%) confirmed cases of 
SLID-resistant TB evaluated MTBDRsl by indirect testing on a culture of M. tuberculosis compared 
with a phenotypic culture-based DST reference standard (Figure 10). For individual studies, 
sensitivity estimates ranged from 25% to 100% and specificity estimates ranged from 86% to 
100%. The pooled sensitivity and specificity (95% CI) were 76.5% (63.3% to 86.0%) and 99.1% 
(97.3% to 99.7%) respectively. 

Ten studies reported indeterminate results for the MTBDRsl assay by indirect testing of a culture 
of M. tuberculosis with phenotypic culture-confirmed resistance to SLIDs. Of 1316 results, 
seven (0.5%) were indeterminate (two culture-based DST resistant and five culture-based DST 
susceptible).

Seven studies evaluated the MTBDRsl assay in 962 individuals compared with a sequencing 
reference standard (Figure 10). Sensitivity estimates ranged from 62% to 100% and specificity 
estimates ranged from 96% to 100%. The pooled sensitivity and specificity (95% CI) were 97.0% 
(77.0% to 99.7%) and 99.5% (94.5% to 100.0%) respectively. There was evidence of a statistically 
significant higher sensitivity using sequencing as the reference standard compared with phenotypic 
culture-based DST (P value of 0.034), but not for specificity (P value of 0.456). 

Seven studies evaluated the MTBDRsl assay in 1491 individuals compared with a composite 
reference standard of sequencing and phenotypic culture-based DST combined (Figure 10). 
Sensitivity estimates ranged from 30% to 85% and specificity estimates ranged from 99% to 
100%. The pooled sensitivity and specificity (95% CI) were 61.3% (45.8% to 74.8%) and 99.9% 
(99.0% to 100.0%) respectively. There was no evidence of a statistically significant difference 
in MTBDRsl accuracy using culture and sequencing as the reference standard compared with 
phenotypic culture-based DST (P values for differences in sensitivity and specificity of 0.458 and 
0.203, respectively).
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Figure 10. Forest plots of MTBDRsl sensitivity and specificity for SLID resistance, test 
performed indirectly, different reference standards

TP true positive; FP false positive; FN false negative; TN true negative; CI confidence interval 

The figure shows the estimated sensitivity and specificity of each study (square) and its 95% CI 
(horizontal line). The individual studies are ordered by decreasing sensitivity. Values for test results 
are the number of each type of result (true positive, false positive, false negative, true negative).

Sensitivity and specificity estimates for MTBDRsl by indirect testing of the individual SLIDs is given 
in Figure 11.

Eleven studies involving 1301 individuals evaluated the MTBDRsl assay for the detection of amikacin 
resistance by indirect testing. Sensitivity estimates ranged from 75% to 100% and specificity 
estimates ranged from 95% to 100%. The pooled sensitivity and specificity (95% CI) were 84.9% 
(79.2% to 89.1%) and 99.1% (CI 97.6% to 99.6%) respectively.

Nine studies involving 1342 individuals evaluated the MTBDRsl assay for the detection of kanamycin 
resistance by indirect testing. Sensitivity estimates ranged from 25% to 100% and specificity 
estimates ranged from 86% to 100%, (nine studies, 1342 participants). The pooled sensitivity and 
specificity (95% CI) were 66.9% (44.1% to 83.8%) and 98.6% (96.1% to 99.5%) respectively.
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Ten studies involving 1406 individuals evaluated the MTBDRsl assay for the detection of 
capreomycin resistance by indirect testing. Sensitivity estimates ranged from 21% to 100% and 
specificity estimates from 86% to 100%. The pooled sensitivity and specificity (95% CI) were 79.5% 
(58.3% to 91.4%) and 95.8% (93.4% to 97.3%) respectively.

Figure 11. Forest plots of MTBDRsl sensitivity and specificity for resistance to amikacin, 
kanamycin, and capreomycin, test performed indirectly, phenotypic culture-based DST 
reference standard

TP true positive; FP false positive; FN false negative; TN true negative; CI confidence interval 

The figure shows the estimated sensitivity and specificity of each study (square) and its 95% CI 
(horizontal line). The individual studies are ordered by decreasing sensitivity. Values for test results 
are the number of each type of result (true positive, false positive, false negative, true negative).

Based on analysis of all data, there was no evidence of a statistically significant difference in 
MTBDRsl accuracy for SLID resistance between indirect and direct testing when using phenotypic 
culture-based DST as a reference standard (P values for differences in sensitivity or specificity of 
0.547 and 0.664, respectively). Within-study comparisons were not possible because no studies 
performed MTBDRsl testing on specimens and isolates from the same patients.
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Annex 725. Table 2 shows amikacin, kanamycin, and capreomycin drug concentrations used in 
culture-based DST in relation to the WHO-recommended critical concentrations.

4.3.4 Indirect testing MTBDRsl version 2.0

Three studies evaluated the MTBDRsl version 2.0 in 620 individuals, including 237 confirmed cases 
of TB with SLID resistance by indirect testing on a culture of M. tuberculosis compared with a 
phenotypic culture-based DST reference standard. Sensitivity estimates ranged from 72% to 89% 
and specificity estimates ranged from 90% to 99%.

Three studies reported indeterminate results for the MTBDRsl assay version 2.0 by indirect testing of 
a culture of M. tuberculosis with phenotypic culture-confirmed resistance to SLIDs. Of 631 results, 
eleven (1.7%) were indeterminate (ten culture-based DST resistant and one culture-basedDST 
susceptible).

4.4 Accuracy for the detection of XDR-TB

4.4.1 Direct testing MTBDRsl version 1.0

Six studies evaluated the MTBDRsl assay in 1420 individuals, including 143 (10.1%) confirmed 
cases of XDR-TB, by direct testing (Figure 12). For individual studies, sensitivity estimates ranged 
from 14% to 92% and specificity estimates ranged from 82% to 100%. The variability was partly 
explained by the use of different drugs, critical concentrations, and types of culture media in the 
reference standard and likely presence of eis mutation in patients in Eastern European countries. 
The pooled sensitivity and specificity (95% CI) were 69.4% (38.8% to 89.0%) and 99.4% (95.0% 
to 99.3%) respectively.

Seven studies reported indeterminate results for the MTBDRsl assay by direct testing of smear-
positive sputum specimens compared with phenotypic culture-confirmed XDR-TB. Of 1665 
results, 224 (13.5%) were indeterminate (37 culture-based DST resistant, 186 culture-based DST 
susceptible and 11 did not have a culture-based DST result).

The indeterminate rates for direct testing for each smear-grade (smear-negative, scanty, 1+, 2+, 
3+) were 81/183 (44.2%), 39/186 (21.0%), 53/225 (23.5%), 33/301 (11.0%), and 82/177 (46.3%), 
respectively.

Figure 12 Forest plots of MTBDRsl sensitivity and specificity for detection of XDR-TB, 
the test performed directly, culture-based DST reference standard. 

TP true positive; FP false positive; FN false negative; TN true negative; CI confidence interval 

The figure shows the estimated sensitivity and specificity of each study (square) and its 95% CI 
(horizontal line). The individual studies are ordered by decreasing sensitivity. Values for test results 
are the number of each type of result (true positive, false positive, false negative, true negative).

25 Annex 7: Dug concentrations used in phenotypic culture-based DST for each included study. Available at: 
http://www.who.int/tb/areas-of-work/laboratory/policy_statements/en/
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4.4.2 Direct testing MTBDRsl version 2.0

For MTBDRsl version 2.0 the data were either too sparse or too heterogeneous to combine in a 
meta-analysis or to compare indirect and direct testing.

Two studies evaluated MTBDRsl version 2.0 in 199 individuals, including 20 confirmed cases 
of XDR-TB by direct testing on smear-positive sputum specimens compared with a phenotypic 
culture-based DST reference standard. Sensitivity and specificity estimates (95% CI) were 100% 
(54% to 100%) and 100% (88% to 100%) for FIND 2016 and 79% (49% to 95%) and 97% (93% 
to 99%) for Tagliani 2015. There were no indeterminate results reported for direct testing for smear-
positive specimens.

Two studies evaluated MTBDRsl version 2.0 in 22 individuals, including 5 confirmed cases of XDR-
TB by direct testing on smear-negative sputum specimens compared with a phenotypic culture-
based DST reference standard. Sensitivity and specificity estimates (95% CI) were 100% (29% to 
100%) and 90% (55% to 100%) for FIND 2016 and 50% (1% to 99%) and 100% (59% to 100%) 
for Tagliani 2015. The indeterminate rate for direct testing for smear-negative specimens was 9/31 
results (29.0%) (seven culture-based DST resistant and two culture-based DST susceptible).

4.4.3 Indirect testing MTBDRsl version 1.0

Eight studies evaluated MTBDRsl in 880 individuals, including 173 (19.7%) confirmed cases of 
XDR-TB evaluated MTBDRsl by indirect testing on a culture of M. tuberculosis compared with a 
phenotypic culture-based DST reference standard (Figure 13). For individual studies, sensitivity 
estimates ranged from 20% to 100% and specificity estimates ranged from 96% to 100%. The 
pooled sensitivity and specificity (95% CI) were 70.9% (42.9% to 88.8%) and 98.8% (96.1% to 
99.6%) respectively.

Six studies that reported indeterminate results for the MTBDRsl results by indirect testing of a 
culture of M. tuberculosis with phenotypic culture-based DST confirmed XDR-TB. Of 554 results, 
only one (0.2%) was indeterminate.

Four studies evaluated the MTBDRsl assay in 630 individuals compared with a sequencing 
reference standard (Figure 13). Sensitivity estimates were 100% in all four studies and specificity 
estimates ranged from 95% to 100%. The pooled sensitivity and specificity (95% CI) were 100.0% 
(94.6% to 100.0%) and 97.9% (96.3% to 98.8%) respectively. The statistical difference between 
sensitivity and specificity estimates comparing sequencing and phenotypic culture-based DST 
reference standards could not be determined as the estimates were derived using different models. 

Two studies evaluated the MTBDRsl assay in 435 individuals compared with a composite reference 
standard of sequencing and phenotypic culture-based DST combined (Figure 13). Sensitivity and 
specificity estimates (95% CI) were 56% (45% to 67%) and 99% (96% to 100%) for Jin 2013 
and 71% (44% to 90%) and 99% (95% to 100%) for Miotto 2012. A meta-analysis could not be 
performed.
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Figure 13 Forest plots of MTBDRsl sensitivity and specificity for detection of XDR-TB, 
test performed indirectly, different reference standards 

TP true positive; FP false positive; FN false negative; TN true negative; CI confidence interval 

The figure shows the estimated sensitivity and specificity of each study (square) and its 95% CI 
(horizontal line). The individual studies are ordered by decreasing sensitivity. Values for test results 
are the number of each type of result (true positive, false positive, false negative, true negative).

4.4.4 Indirect testing MTBDRsl version 2.0

Three studies evaluated the MTBDRsl version 2.0 in 621 individuals, including 88 confirmed cases 
of XDR-TB by indirect testing on a culture of M. tuberculosis compared with a phenotypic culture-
based DST reference standard. Sensitivity estimates ranged from 75% to 80% and specificity 
estimates ranged from 91% to 100%.

Three studies reported indeterminate results for the MTBDRsl assay version 2.0 by indirect testing 
of a culture of M. tuberculosis with phenotypic culture-based DST confirmed XDR-TB. Of 621 
results, eleven (1.6%) were indeterminate.
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5. Summary of evidence to recommendations

In patients with RR-TB or MDR-TB, a positive SL-LPA result for fluoroquinolone resistance (as a 
class) or SLID resistance (as a group) can be treated with confidence. The diagnostic accuracy of 
SL-LPA are similar when performed directly on sputum specimens or indirectly on cultured isolates 
of M. tuberculosis.

Phenotypic resistance to ofloxacin and levofloxacin is highly correlated with resistance conferring 
mutations detected by SL-LPA. However, uncertainty remains about the susceptibility to 
moxifloxacin and gatifloxacin for such strains with specific mutations in the gyrA and gyrB genes. 

SL-LPA have high specificity for the detection of resistance conferring mutations in the rrs gene to 
all of the SLIDs (including kanamycin, amikacin and capreomycin). However, mutations associated 
with the eis promoter region correlate with phenotypic resistance to kanamycin only.

Given the confidence in a positive result and the ability of the test to provide rapid results, the GDG 
felt that SL-LPA may be considered for use as an initial test for resistance to the fluoroquinolones 
and SLIDs. However, when the test shows a negative result, phenotypic culture-based DST 
may be necessary, especially in settings with a high pre-test probability for resistance to either 
fluoroquinolones and or SLIDs.

The use of SL-LPA in routine care should improve the time to the diagnosis of fluoroquinolone and 
SLIDs especially when used for the direct testing of a sputum specimens of patients with confirmed 
rifampicin-resistant TB or MDR-TB. Early detection of drug resistance should allow for the earlier 
initiation of appropriate patient therapy and improved patient health outcomes.

Overall, the test performs well in the direct testing of sputum specimens from patients with 
confirmed rifampicin-resistant or MDR-TB although the indeterminate rate is higher when testing 
smear-negative sputum specimens compared with smear-positive sputum specimens. When 
the MTBDRsl assay is used in the direct testing of smear-negative sputum specimens from a 
population of patients with confirmed drug-resistant TB, there may be up to 44% indeterminate 
results detected (less with version 2.0, although very limited data) that would require repeat or 
additional testing. However, if the same test were to be applied to the testing of smear-negative 
sputum specimens from patients without confirmed TB or drug-resistant TB (i.e. patients suspected 
of having drug-resistant TB), the indeterminate rate for the test would be significantly higher.

Given the test’s sensitivity and specificity when SL-LPA are done directly on sputum, the GDG felt that 
SL-LPA can be used for the testing of all sputum specimens from patients with confirmed rifampicin-
resistant TB or MDR-TB, irrespective of whether the microscopy result is positive or negative.

Online Annex 526 contains the GRADE summary of findings tables 1 to 6 which summarize the 
review findings for direct and indirect testing of the MTBDRsl (version 1.0) assay by applying 
the results to a hypothetical cohort of 1000 individuals with RR-TB or MDR-TB thought to have 
additional resistance to fluoroquinolones or SLIDs, or to both fluoroquinolones and SLIDs.

5.1 SL-LPA for the detection of resistance to fluoroquinolones

By direct testing, SL-LPA will detect 86% of patients with fluoroquinolone resistance and will rarely 
give a positive result for those without resistance. In a population of 1000 patients, where 150 (15% 
pre-test probability) have fluoroquinolone resistance, SL-LPA will correctly identify 129 people with 
fluoroquinolone resistance and miss 21 patients. In this same population, where 850 patients do 
not have fluoroquinolone resistance, the test will correctly classify 838 patients and misclassify 12. 

26 Annex 5: GRADE summary of findings tables.  
Available at: http://www.who.int/tb/areas-of-work/laboratory/policy_statements/en/
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The GDG felt that both false-positive and false-negative fluoroquinolone resistance results may 
contribute harms to the patient. The consequences for the 12 patients wrongly diagnosed (FP) 
with fluoroquinolone resistance were likely patient anxiety, possible delays in further diagnostic 
evaluation, and prolonged and unnecessary treatment with drugs that may have additional adverse 
effects. The consequences for the 21 false negative (FN) results for patients in the hypothetical 
scenario of 1000 patients were a potential increased risk of patient morbidity and mortality, and 
continued community transmission of drug-resistant TB. The harm for these patients with resistance 
to fluoroquinolones not detected by SL-LPA could be lessened as these patients could benefit 
from a MDR-TB regimen that may include a later generation fluoroquinolone such as moxifloxacin 
or gatifloxacin. Conventional phenotypic culture-basesd DST should be used in the follow-up 
evaluation of patients with a negative result especially in settings with a high pre-test probability for 
resistance to fluoroquinolones.

Given the speed for performing the test and considering the balance of harms and benefits the 
GDG made a conditional recommendation in favour of using SL-LPA as the initial test to detect 
fluoroquinolone resistance among patients with confirmed rifampicin-resistant TB or MDR-TB 
(Annex 627).

5.2 Sl-LPA for the detection of resistance to SLIDs

By direct testing, SL-LPA will detect 87% of patients with SLID resistance and rarely give a positive 
result for patients without resistance. In a population of 1000 patients, where 150 (15% pre-test 
probability) have SLID resistance, SL-LPA will correctly identify 131 patients with second-line 
injectable drug resistance and miss 19. In this same population, where 850 do not have second-
line injectable drug resistance, the test will correctly classify 846 patients and misclassify four.

The GDG felt that both false-positive and false-negative SLID resistance results may contribute 
harms to the patient. The consequences for the 4 patients wrongly diagnosed (FP) with SLID 
resistance were likely patient anxiety, possible delays in further diagnostic evaluation, and prolonged 
and unnecessary treatment with drugs that may have additional adverse effects. The consequences 
for the 19 false negative (FN) results for patients in the hypothetical scenario of 1000 persons were 
a potential increased risk of patient morbidity and mortality, and continued community transmission 
of drug-resistant TB. The harm for these patients with resistance to SLID not detected by SL-LPA 
may be the initiation of an MDR-TB regimen which would include an injectable agent with doubtful 
efficacy. Conventional phenotypic DST should be used in the follow-up evaluation of patients with a 
negative result especially in settings with a high pre-test probability for resistance to SLIDs.

Given the speed for performing the test and considering the balance of harms and benefits the 
GDG made a conditional recommendation in favour of using SL-LPA as the initial test to detect 
SLID resistance among patients with confirmed rifampicin-resistant TB or MDR-TB (Annex 623).

5.3 SL-LPA for the detection of XDR-TB

By direct testing, SL-LPA will 69% of patients with XDR-TB and rarely give a positive result for 
patients without resistance. In a population of 1000 patients, where 100 (10% pre-test probability) 
have XDR-TB, SL-LPA will correctly identify 69 patients with XDR-TB and miss 31. In this same 
population, where 900 do not have XDR-TB, the test will correctly classify 891 people and 
misclassify nine patients.

27 Annex 6: GRADE evidence to recommendations tables.  
Available at: http://www.who.int/tb/areas-of-work/laboratory/policy_statements/en/
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The GDG felt that both false-positive and false-negative XDR-TB results may contribute harms to 
the patient. The consequences for the 9 patients wrongly diagnosed (FP) as XDR-TB were likely 
patient anxiety, possible delays in further diagnostic evaluation, and prolonged and unnecessary 
treatment with drugs that may have additional serious adverse effects. The consequences for 
the 31 false negative (FN) results in the hypothetical scenario of 1000 patients were a potential 
increased risk of patient morbidity and mortality, and continued community transmission of drug-
resistant TB. The harm for these patients without XDR-TB detected by SL-LPA may be the initiation 
of a MDR-TB regimen with doubtful efficacy.

The SL-LPA have varying accuracy for the detection of resistance conferring mutations to the 
fluoroquinolones and to the SLIDs which combined lower the overall accuracy for the detection 
of XDR-TB. As a consequence, the GDG decided that the assay can be used for the diagnosis of 
XDR-TB while acknowledging that the diagnostic accuracy is sub-optimal. The GDG did feel that 
the assay could be used for surveillance of XDR-TB given statistical approaches to adjust for lower 
sensitivity and specificity during surveillance studies.
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6. WHO Policy recommendations

Given the GRADE evidence assessment and considering the relative benefits and harms associated 
with the use of SL-LPA to test patients with confirmed rifampicin-resistant TB or MDR-TB, WHO 
recommends that:

For patients with confirmed rifampicin-resistant TB or MDR-TB, SL-LPA may be used 
as the initial test, instead of phenotypic culture-based DST, to detect resistance to 
fluoroquinolones 
(Conditional recommendation; moderate certainty in the evidence for test accuracy for direct 
testing of sputum specimens; low certainty in the evidence for test accuracy for indirect testing of 
Mycobacterium tuberculosis cultures).

For patients with confirmed rifampicin-resistant TB or MDR-TB, SL-LPA may be used 
as the initial test, instead of phenotypic culture-based DST, to detect resistance to the 
second-line injectable drugs 
(Conditional recommendation; low certainty in the evidence for test accuracy for direct testing 
of sputum specimens; very low certainty in the evidence for test accuracy for indirect testing of 
Mycobacterium tuberculosis cultures).

Remarks

a. These recommendations apply to the use of SL-LPA for testing sputum specimens (direct testing) 
and cultured isolates of M. tuberculosis (indirect testing) from both pulmonary and extrapulmonary 
sites. Direct testing on sputum specimens allows for the earlier initiation of appropriate treatment; 
b. These recommendations apply to the direct testing of sputum specimens from rifampicin-resistant 
TB or MDR-TB, irrespective of the smear status, while acknowledging that the indeterminate rate 
is higher when testing smear-negative sputum specimens compared with smear-positive sputum 
specimens;
c. These recommendations apply to the diagnosis of XDR-TB while acknowledging that the 
accuracy for detecting resistance to the fluoroquinolones and to the SLIDs differs and hence the 
accuracy of a diagnosis of XDR-TB overall is reduced ; 
d. These recommendations do not eliminate the need for conventional phenotypic DST capacity 
which will be necessary to confirm resistance to other drugs and to monitor the emergence of 
additional drug resistance; 
e. Conventional phenotypic DST can still be used in the evaluation of patients with negative SL-LPA 
results, particularly in populations with a high pre-test probability for resistance to fluoroquinolones 
and/or SLID;
f. These recommendations apply to the use of SL-LPA in children with confirmed rifampicin-
resistant TB or MDR-TB based on the generalisation of data from adults;
g. Resistance conferring mutations detected by SL-LPA are highly correlated with phenotypic 
resistance to ofloxacin and levofloxacin. However, the correlation of these mutations with 
phenotypic resistance to moxifloxacin and gatifloxacin is unclear and the inclusion of moxifloxacin 
or gatifloxacin in a MDR-TB regimen is best guided by phenotypic DST results;
h. Resistance conferring mutations detected by SL-LPA are highly correlated with phenotypic 
resistance to SLID and are an indication to use a MDR-TB regimen which is appropriately strengthened;
i. Given high specificity for detecting resistance to fluoroquinolones and SLID the positive results 
of SL-LPA could be used to guide the implementation of appropriate infection control precautions.
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7. Implementation considerations

The SL-LPA should only be used to test specimens from patients with confirmed rifampicin-
resistance TB and/or MDR-TB. Adoption of SL-LPA does not eliminate the need for conventional 
culture and DST capability. Despite good specificity of SL-LPA for the detection of resistance to 
fluoroquinolones and the SLIDs, culture and phenotypic DST is required to completely exclude 
resistance to these drug classes as well as to other second-line drugs. The following implementation 
considerations apply:
•  SL-LPA cannot determine resistance to individual drugs in the class of fluoroquinolones. 

Resistance conferring mutations detected by SL-LPA are highly correlated with phenotypic 
resistance to ofloxacin and levofloxacin. However, the correlation of these mutations with 
phenotypic resistance to moxifloxacin and gatifloxacin is unclear and the inclusion of moxifloxacin 
or gatifloxacin in a MDR-TB regimen is best guided by phenotypic DST results;

•  Mutations in some regions (e.g., the eis promoter region) may be responsible for causing 
resistance to one drug in a class (group) more than other drugs within that class (group). For 
example, the eis C14T mutation is associated with kanamycin resistance in strains from Eastern 
Europe;

•  SL-LPA should be used in the direct testing of sputum specimens irrespective of whether 
samples are smear-negative or smear-positive; 

•  SL-LPA are designed to detect TB and resistance to fluroquinolones and second-line injectable 
drugs from sputum samples. Other respiratory samples (e.g. bronchoalveolar lavage and gastric 
aspirates) or extrapulmonary samples (tissue samples, CSF or other body fluids) have not been 
adequately evaluated;

•  Culture and phenotypic DST plays a critical role in the monitoring of patients’ response to 
treatment and for detecting additional resistance to second-line drugs during treatment;

•  SL-LPA are suitable for use at the central or national reference laboratory level; they have the 
potential to be used at the regional level if the appropriate infrastructure can be ensured (three 
separate rooms are required);

•  All patient identified by SL-LPA should have access to appropriate treatment and ancillary 
medications.

7.1 Plans for disseminating the WHO policy guidance on the use of SL-LPA 

This WHO policy guidance will be published online (http://www.who.int/tb/areas-of-work/
laboratory/policy_statements/en/) and disseminated through WHO/GTB Department listserves 
to all WHO Regional and Country Offices, Member States, the Global Laboratory Initiative, the 
TB/HIV Working Group and New Diagnostics Working Groups of Stop TB Partnership, donors, 
technical agencies and other stakeholders.
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8. Research needs

Current recommendations on SL-LPA should not prevent or restrict further research on new rapid 
molecular DST tests, especially for assays that can be used as close as possible to where patients 
are initially diagnosed with RR-TB and MDR-TB and where treatment can be initiated. Further 
operational research on SL-LPA should focus on the following priorities:
•  Develop improved understanding of the correlation between the detection of resistance-

conferring mutations with phenotypic DST results and with patient outcomes;

•  Develop improved knowledge of the presence of specific mutations detected with SL-LPA 
correlated with minimum inhibitory concentrations for individual drugs within the class of 
fluoroquinolones and group of SLIDs;

•  Determine the limit of detection of SL-LPA for the detection of heteroresistance;

•  Gather more evidence on the impact of MTBDRsl on appropriate MDR-TB treatment initiation 
and  mortality;

•  Strongly encourage that future studies follow the recommendations in the Standards for 
Reporting Diagnostic Accuracy (STARD)28 statement to improve the quality of reporting;

•  Perform country-specific cost-effectiveness and cost-benefit analyses of the use of SL-LPA in 
different programmatic settings.

28 STARD 2015: an updated list of essential items for reporting diagnostic accuracy studies
BMJ 2015; 351 Available at: http://www.bmj.com/content/351/bmj.h5527
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